
 

 
 

 
 
 

 
 

 
 

Can response latencies in a speeded classification task be affected by 

cognitive processing style? 

 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

        
 

 
Viktor Persson 

 

 
 

 
 
 

Handledare: Johan Willander & Fredrik Jönsson 
MASTERUPPSATS, 30 POÄNG, VT 2013 

STOCKHOLMS UNIVERSITET 

PSYKOLOGISKA INSTITUTIONEN 



2 
 

CAN RESPONSE LATENCIES IN A SPEEDED CLASSIFICATION TASK BE 

AFFECTED BY COGNITIVE PROCESSING STYLE? 

Viktor Persson 

 
 

Crossmodal correspondences are the study of how information across 

modalities is integrated by the brain, across which dimensions the 
correspondences exists, and how these affect us. In the present paper 

one experiment is presented, in which potential crossmodal 
correspondences between auditory pitch and visual elevation is 
investigated, using a speeded classification task. In addition, the effect 

of cognitive processing style on these crossmodal correspondences is 
assessed using a Navon letter task. It was hypothesized that 

crossmodal correspondences between vision and audition exist along 
different dimensions and that the speed of the integration of the 
correspondences can be affected by cognitive procedural style. The 

study failed to replicate the correspondence between pitch and 
elevation; therefore, no conclusions can be drawn about the 

hypothesis. However, two novel findings emerged: a downward bias 
for visual stimuli and a congruency effect of two congruent sounds 
compared to incongruent sounds. Furthermore, replications of earlier 

results regarding priming of cognitive procedural style and its 
implications were found. These results are discussed in details.  

 
 

In everyday perception, events and objects in the environment typically pertain to more 

than one sensory modality simultaneously, thus creating a correlated sensory input. For 
example, in the everyday event of eating a meal the visual appearance of the food items, 

the smell and warmth of the dish, the texture and sound and temperature while chewing 
all comes together to create that unique experience of eating a (hopefully) well-prepared 
meal. The subject of crossmodal correspondences refer to exactly that – the interaction 

of two or more stimuli pertaining to different perceptual modalities, or, in the words of 
Spence (2011, p. 3), a “compatibility effect between attributes or dimensions of a 

stimulus (i.e., an object or event) in different sensory modalities (be they redundant or 
not)”.  Traditionally, spatial and temporal coincidences have been suggested to play an 
important role in the binding of perceptual input from different senses (Calvert, Spence 

& Stein, 2004). This is part of what is known as the assumption of unity – when events 
pertaining to different sensory modalities share more properties; the more likely it will 

be that they come from the same source (e.g., Vroomen & Keetels, 2006). More 
recently, some researchers have suggested that higher cognitive and semantic processes 
may also affect the binding procedure (e.g., Förster, 2011; Spence, 2011). The objective 

of the present paper is to investigate crossmodal correspondences between vision and 
audition, that is, the relation between visual elevation and auditory pitch. Moreover, a 

secondary objective is to assess whether these correspondences may be affected by an 
induced processing style, i.e., whether the integration of congruent perceptual material 
is improved with an induced global rather than local processing style (Förster, 2011). To 

my knowledge, this has never been investigated before. 
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Traditionally, the human sensory modalities have been viewed as separate, unimodal 

entities and have therefore been investigated as such. This view is rapidly changing with 
the growing interest in crossmodal correspondences and multimodal integration, and as 

for now, the notion that our senses work in integrated ways is commonly accepted. 
Although not a widespread notion, it is nonetheless a notion that has been around for 
some time. Philosophers of old times did suggest a merging of the senses, and as early 

as 1883, Stumpf concluded that all languages apply specific words to high and low-
pitched tones. Actual research in the field followed soon. This early research was 

mainly focused on speech perception and sound symbolism (see Nuckolls, 2003, for a 
review). In one of the early experiments, conducted by Sapir (1929), participants were 
instructed to associate two objects (a big or a small circle) to the nonsense words “mal” 

or “mil”. It was hypothesized that the speech sound of /a/ would correspond to the 
bigger circle, while /i/ would correspond to the smaller circle. Results confirmed this – 

individuals tend to associate “mal” to a large object and “mil” to a small object. In a 
similar experiment Köhler (1929) found that people tended to associate a rounded shape 
with the nonsense-word “Baluma”, and a sharp, pointy-edged shape to the nonsense-

word “Takete”. Many years later, Marks (1987) demonstrated that shapes (in this case, a 
“U” as the rounded shape, and a “V” as the pointy shape) may be faster identified if 

presented simultaneously as a congruent sound (i.e., a low pitched sound facilitated 
identification of the “U”, a high pitched sound facilitated identification of the “V”).  
Others found that the high and low pitch of a sound was associated with a high and low 

elevation in space (Mudd, 1963; Pratt, 1930). Since then, correspondences between 
most sensory modalities have been found, including those between vision and touch 

(Martino & Marks, 2000), olfaction and pitch (Belkin et al., 1997), olfaction and 
meaningless shapes (Seo et al., 2010), color and taste (Spence et al., 2010), taste and 
musical notes (Crisinel & Spence, 2010), just to name a few. Although most published 

studies show significant correspondences between different dimensions of different 
senses, not every pair of senses demonstrate the same results. For example, experiments 

investigating correspondences between pitch and hue (Bernstein, Eason, & Schurman, 
1971) and loudness and lightness (Marks, 1987) failed to find any such 
correspondences. Furthermore, Marks (1974) found an interaction between pitch and 

brightness, which Evans and Treisman (2010) later failed to replicate. Taken this into 
account, it still seems as if crossmodal correspondences exist in some way or another 

between most sensory modalities and/or dimensions. Not only are these 
correspondences found between somewhat arbitrary dimensions of perception in 
different sensory modalities, they may also be defined based on meaning (Spence, 

2011).  
 

The early experiments and remarks about the human wording of high and low pitched 
sounds, eventually led to a thorough testing of this with the experiment of Bernstein and 
Edelstein (1971). They conducted an experiment, using a speeded classification task 

(e.g., to judge whether a visual stimuli is presented high or low in relation to a fixation 
cross as fast as possible) in which crossmodal correspondences between pitch and visual 

vertical position was assessed for the first time. Their results demonstrated that response 
latencies were lower when visual stimuli was presented high in space along with a high-
pitched tone; that is, congruent trials (i.e., high elevation and high pitch / low elevation 

and low pitch) led to faster response times than incongruent trials (i.e., high elevation 
and low pitch / low elevation and high pitch). These results have since been replicated 
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multiple times (e.g., Ben-Artzi & Marks, 1995; Melara & O’Brien, 1987). The effect 

can be seen as early as in 6-months babies (Braaten, 1993) and is considered one of the 
most robust crossmodal correspondences known to date. In a recent article by Evans 

and Treisman (2010) nine experiments were presented, all using the basic paradigm of a 
speeded classification task, further investigating crossmodal correspondences between 
vision and audition. They presented a visual cue along with a sound, and asked 

participants to do different judgments. In the direct visual task, they asked participants 
to judge whether the visual cue was bigger or smaller than baseline, above or below 

fixation, wider or smaller than baseline, or high or low in contrast. In the auditory task, 
participants were presented with the same stimuli but were instead asked to judge 
whether the tone was high or low in pitch. These direct tasks were contrasted with 

indirect tasks – participants were introduced to the same stimuli-pairs as above, but 
were instead asked to judge some irrelevant dimension (e.g., whether the tone came 

from a violin or a piano, whether the grating of the visual stimuli were left or right 
oriented). They found support not only for the now already established association 
between pitch and elevation, but also between pitch and size and pitch and spatial 

frequency. Furthermore, these associations were evident even when tasks were indirect 
(i.e., instead of whether a tone was high or low participants were asked whether it was, 

for example, a tone played by a violin or a guitar).  
 
The crossmodal binding problem – structural, statistical and semantic correspondences 

A central problem in this area of research is the crossmodal binding problem – in an 
ever changing world, where we are constantly bombarded by perceptual stimulus, how 

do we know which stimuli from which sense should be bound together? And at what 
perceptual level do these bindings occur? Spence (2011) suggested the existence of at 
least three different forms of crossmodal correspondences: Structural, statistical and 

semantic correspondences. Important to note is that these categories are not mutually 
exclusive.  Structural correspondences are dependent on the actual organization of the 

brain and how it processes perceptual information. One such correspondence is 
suggested to be of magnitude. Magnitude is suggested to be represented in the same 
way by the brain regardless of perceptual input (Walsh, 2003).  For example, the fact 

that auditory volume and visual brightness seem to constitute a crossmodal 
correspondence (Marks, 1974) may be dependent upon the structural organization of the 

brain. Statistical correspondences, on the other hand, are suggested to be 
correspondences commonly found in the natural environment, such as that between size 
and auditory volume (i.e., a large animal makes louder sounds), or that between size and 

pitch of sound upon impact after being dropped (Grassi, 2005) and that of elevation and 
pitch (Ben-Artzi & Marks, 1995; Bernstein & Edelstein, 1971; Evans & Treisman, 

2010). Moreover, statistical correspondences may not be universal like the structural 
correspondences are thought to be, but are believed to be learned through the experience 
of regularities in the environment. This notion has recently received some support from 

neuroimaging studies, where participants were taught new associations between 
auditory and visual stimuli. When tested later, either stimuli presented alone elicited 

activation in areas usually involved with the other sensory stimuli (e.g., a visual cue 
elicited activation in areas involved in auditory processing; see von Kriegstein & 
Giraud, 2006; see also Zangenehpour & Zatorre, 2010). Semantic correspondences are, 

on the other hand, suggested to be entirely learned and dependent upon the way we use 
language – an obvious example being the word “high”, which can refer to a visual 
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spatial elevation as well as volume, or pitch, of a sound. Given this, the association 

between visual spatial position and auditory pitch could fall under either category of 
statistical or semantic correspondences, and as such, being vulnerable to external 

changes. Given this background I propose the following two hypotheses: 
 
Hypothesis 1A: Stimuli pertaining to two different senses presented in a congruent 

fashion should be faster identified than stimuli presented in an incongruent fashion. 
 

Hypothesis 1B: The congruency effect should be strengthened or weakened by 
additional congruent or incongruent stimuli presented before the actual trial. 
 

Given the abundant literature on congruence effects between crossmodal materials, a 
replication of these effects (Hypothesis 1A) works as a basis and a control for the 

present experiment. Whether these effects are strengthened or weakened by stimuli 
presented before the actual trial, as proposed in Hypothesis 1B, has not been 
investigated before – I hypothesized that a stimuli presented before the actual trial 

should prepare the participant for an upcoming trial, thus, responses to incongruent 
trials should prolong response times, while congruent trials should decrease response 

times. 
 
Global versus local processing styles 

The way we perceive the world is affected by whether we focus on the whole or the 
details of a particular object or event, taking a holistic (global) or an analytical (local) 

perceptual approach towards it. But what makes us change between global and local 
processes, and how do the two different processes affect us? Navon (1977) originally 
presented a series of experiments to test the then popular notion of global dominance 

(i.e., that people attend to the whole rather than the details in an automatic fashion). In 
one of his experiments, Navon introduced a large letter composed of smaller letters 

(now known as a Navon letters, see Figure 1 for an example) and asked participants to 
identify the large or the small part of the letter. He found that participants were 
significantly faster at identifying the large letter compared to the small letter and argued 

that this was an argument in favor of global precedence, i.e., that the visual system 
access global features before local features. This argument has since been challenged 

(Kimchi, 1992), but these early results has led to several new findings regarding global 
and local processing styles; for instance, that the global precedence seems to be cultural 
dependent (Davidoff et al., 2008): a sample of people from the Himba-culture in 

northern Namibia showed a bigger preference for local targets than any non-clinical 
group tested before. 
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Figure 1. An example of a Navon letter (Navon, 1977).  

 
In a recent article by Förster and Dannenberg (2010), much of the research to date is 
reviewed and a systems account of the global versus local processing model (GLOMO) 

is presented. They suggest that we use two different ways of processing information, 
using either a global processing style (i.e., to see the whole rather than the details) or a 

local processing style (i.e., to see the details rather than the whole). These processing 
styles has been shown to be triggered by different real world events, such as social (e.g., 
feelings of being in power rather than powerless triggers a global processing style; 

Smith & Trope, 2006), emotional (e.g., thoughts of love rather than sex triggers a global 
processing style; Förster, 2010) and cultural (e.g., when people are interdependent rather 

than independent triggers a global processing style; Kühnen & Oyserman, 2002) cues. 
Förster and Dannenberg (2010) suggest that the global processing style is used to 
process novel information and to extract global meaning, while the local processing 

style kicks in in familiar situations and when dealing with details. Moreover, processing 
style can carry over to other tasks, being either transfer appropriate or transfer 

inappropriate, thus facilitating or impairing subsequent performance in similar tasks – 
Schooler (2002) calls this a processing shift. More importantly for the present paper, a 
global or a local processing style can be induced by way of priming. This was first 

shown in an experiment by Robertson (1996) using the Navon letter task, and later 
extended to more complex stimuli by Macrae and Lewis (2002). Macrae and Lewis 

(2002) presented an experiment in which participants watched a short movie of an 
alleged bank robbery and were then asked to identify the robber from six pictures. 
However, before the identification task, they were instructed to perform an unrelated 

Navon letter task for 10 minutes. This part of the experiment was used as a procedural 
prime between groups, thus assessing whether face recognition performance changed 

following either a global or a local procedural prime, which it did: participants who 
were primed with a global task made significantly fewer false alarms than the controls. 
Macrae and Lewis (2002) explain their results with a transfer-appropriate shift of 

attention (Schooler, 2002) – face recognition is known to be facilitated by holistic 
(global) processes (Tanaka & Farah, 1993; Tanaka & Sengco, 1997). In a similar 

experiment, Friedman et al. (2003) induced either a global or a local visual attention in 
their participants, and subsequently measured their performance on a creative 
generation task (i.e., coming up with ideas of novel ways to use common objects, e.g., a 

brick or a pair of scissors). They concluded that a global attention facilitated creativity. 
Thus, current evidence suggests that visual processing style can carry over to conceptual 

processing. Similar results has been shown in other studies as well (e.g., Förster, 2009; 
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Förster, Liberman & Kuschel, 2008).  

 
In a recent study by Förster (2011), it was demonstrated that processing style primed in 

one sensory modality could affect the processing style in another sensory modality. 
Förster (2011) induced either a global processing style or a local processing style by 
way of procedural priming, and found carryover effects from one sensory modality to 

another when participants were tested of their visual global versus local attention, 
regardless of whether the prime was explicit (“Focus on the whole / details”) or implicit 

(induced by complex stimuli or simple stimuli without explicit instructions). Moreover, 
this effect was found to be stronger when induced in two sensory modalities rather than 
one. This leads to the second hypothesis: 

 
Hypothesis 2: Cognitive processing style may be induced by means of a Navon letter 

task and may transfer and affect subsequent unrelated perceptual tasks of a crossmodal 
nature. 
 

Hypothesis 2 is in line with much of the published literature. Given the above, it seemed 
plausible that processing style not only could have an effect on basic and similar 

stimulus material, but also on tasks involving the binding of perceptual stimuli 
pertaining to two different senses.  
 

The present study 
The present study intended to replicate and extend the current knowledge of the well-

known crossmodal correspondence between pitch and elevation, and furthermore, to 
investigate whether induced cognitive processing style could have an effect on the speed 
of integration of crossmodal correspondences, which has not been investigated before. 

Based on the assumption put forward by Spence (2011) that crossmodal 
correspondences can be divided into (at least) three categories (i.e., structural, statistical 

and semantic correspondences), the association between pitch and elevation should fall 
under the category of either a statistical or a semantic correspondence. Given that 
statistical and semantic correspondences may be learned and therefore also manipulated,  

they may be vulnerable to cognitive changes. Furthermore, since a global processing 
style is known to be induced by wide concepts such as love rather than sex (Förster, 

2010), to be associated with faster decisional procedures (Förster & Dannenberg, 2010), 
and to carry over to other tasks (Schooler, 2002), it seemed plausible that processing 
style may as well affect the procedure of integration of perceptual stimuli, and therefore 

also the response latencies on a speeded classification task. I hypothesized that 
(Hypothesis 1A) when visual and auditive stimuli are presented in congruent trials (e.g., 

a visual cue presented in a high elevation along with a high-pitched sound), participants 
would respond faster than if the trials were incongruent (e.g., a visual cue presented in a 
high elevation along with a low-pitched sound). Further, (Hypothesis 1B) a sound 

presented before the actual task would strengthen or weakening this effect depending on 
congruency. Lastly, I hypothesized (Hypothesis 2) that a Navon letter task can induce 

either a global or a local cognitive processing style, a global target will be faster 
identified than a local target, an induced global cognitive processing style decreases 
response times on both congruent and incongruent trials in both a related and an 

unrelated task, and an induced local cognitive processing style increases response times 
on both congruent and incongruent trials in both a related and an unrelated task. This 
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was tested by using a similar procedure as that used by Treisman and Evans (2010), 

intertwined with a Navon letter task (Navon, 1977).  
 

Method 
 
Participants 

Fifty students (36 females) ranging in age from 19 to 56 (M = 24.30; SD = 6.28) at the 
Department of Psychology, Stockholm University. The participants received course 

credit for their participation. All participants were informed that they were to take part 
in a perceptual experiment which would involve simple visual and auditory stimuli.  
They were also informed that their participation was voluntary, and that they could 

discontinue the test at any time. The last task of the experiment was added later during 
data collection, thus, only twenty students (14 females) participated in this task, ranging 

in age from 19 to 31 (M = 24.20; SD = 3.58).  
 
Materials  

The experiment was designed and run in E-prime 2.0 professional software 
(Psychological Software Tools, Pittsburgh, PA) on a PC computer. A headset was used 

to present auditory stimuli. The auditory stimuli consisted of two sinus tones created in 
NCH Tone Generator, one presented in 1500 Hz and the other presented in 500 Hz. The 
visual stimulus in phase 1 and 3 consisted of a black dot measuring 0.78 cm2 presented 

on a white background (visual angle ~4°). Distance between participant and the screen 
was approximately 50 cm. In phase 2 a Navon letter (Navon, 1977) measuring 5.28 cm 

in height and 3.82 cm in width (small deviations depending on letter, visual angle ~8°) 
were presented on a white background (see Figure 1 for the two basic visual stimuli). 
The following letters were constructed and used in phase 2: E, F, H, L, T, U, and Z. 

Each letter was combined with one of the others, e.g., a big “E” was constructed using 
small ”t”s. In the second part of phase 2, new letter combinations were constructed and 

used, thus avoiding familiarization with specific combinations. Each task consisted of 
120 trials. Stimuli was presented for a maximum of 2000 ms.  
 

Procedure 
The experiment took place in a standardized laboratory. Each participant was tested 

alone. The experimental session lasted between 30-40 minutes depending on the speed 
of the participant. Upon arrival, each participant was welcomed and briefly informed of 
the nature of the experiment. They were then seated in front of a computer and the script 

was started. The participant first entered basic information (i.e., gender, age, and 
handedness), and was then presented with a brief explanation of the experiment. The 

procedure was self-paced throughout. The experiment consisted of three phases (see 
Figure 2 for the general outline). The first phase served as familiarization with the 
procedure and replication of earlier work; the second phase consisted of priming tasks; 

the third phase consisted of tasks to assess between-subject effects of the prime (all 
tasks explained in more detail below under respective heading). Every part followed the 

same basic procedure – a slide containing the instructions followed by the actual task. 
Two keyboard buttons, button Q and P, was colored red and blue, respectively, and was 
used as response keys throughout the session. All parts of the experiment shared the 

same procedure of speeded classification tasks. The experiment started with phase 1, 
which consisted of a pitch-elevation task immediately followed by an altered pitch-
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elevation task. Phase 2 followed, with a task serving as a prime, after which a Navon 

pitch-elevation task was presented. Lastly, in phase 3, another pitch-elevation task was 
presented followed by a unimodal elevation task. The experiment was fully randomized 

throughout. Below follows a more detailed description of each task.  

 

Figure 2. Outline of the experimental procedure. Each big square represents a constant 
slide on the computer screen. 
 

Phase 1 – pitch-elevation tasks 
Pitch-elevation task 

In the pitch-elevation task, the basic procedure was as follows: A fixation cross was 
presented in the centre of the screen for 1000 ms. Following this, a sound in high (1500 
Hz) or low (500 Hz) pitch was presented simultaneously as a black dot measuring xx 

cm2 against a white background, either above or below the previously presented fixation 
cross. The participant was instructed to respond to whether the black dot was above or 

below fixation. They responded using the red button (Q) for high elevation and the b lue 
button (P) for low elevation. Upon response the fixation cross was once again shown, 
and the procedure repeated. Response time was measured for each answer. 

 
Altered pitch-elevation task 

The altered pitch-elevation task used the same design as the task described above, with 
the exception of another sound being presented for 1000 ms before the actual task. 
Thus, each trial consisted of a fixation cross in the middle of the screen, followed by a 

sound in high (1500 Hz) or low (500 Hz) pitch. Another sound was then presented in 
high or low pitch in conjunction with a black dot either below or above fixation.  

 
Phase 2 – prime and a Navon letter task 
Prime 

In phase 2, the participants were divided into two groups. A Navon letter (see Figure 1) 
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was used as the priming task to induce either a global or a local processing style. The 

participant was presented with a fixation cross for a 1000 ms, followed by a Navon 
letter, and was asked to respond with the red button if they could identify a “T” or a 

“L”. If not, they were asked to press the blue key. Between each trial a fixation cross 
was presented. Group 1 was only presented with “T” or “L” as the large letter (i.e., as 
the “H” in Figure 1). Group 2 was only presented with “T” or “L” as the small letter 

(i.e., as the “L” in Figure 1).  
 

Navon pitch-elevation task 
This part was designed as a mix between the original pitch-elevation task and the prime 
described above. A fixation cross was presented for 2000 ms.  Instead of a black dot 

against a white background, a Navon letter was presented either high or low in 
concurrence with a high or low-pitched sound. The participant answered with red button 

if the letter was presented above fixation, blue button if it was presented below fixation. 
Then, they were asked to write down the letter they first became aware of in the Navon 
letter (i.e., either “H” or “L” in Figure 1). After pressing enter, a fixation cross was 

presented again and the next trial followed.  
 

Phase 3 – the effect of the prime on a pitch-elevation task 
Pitch-elevation task 
This was a replication of the first task presented above, using the exact same procedure.  

 
Unimodal task 

The unimodal task used the exact same procedure as the pitch-elevation task, but only 
the visual stimuli was presented, thus creating a unimodal task as opposed to the earlier 
bimodal tasks.  

 
Results 

 
 The primary dependent measure of the experiment was response time measured on 
correct trials only. A cut-off point below 150 ms and above 1500 ms was used on the 

raw data, thus rendering trials below 150 ms and above 1500 ms as missing values. The 
rationale for this is that it takes at least 100 ms (Whelan, 2008) to process the perceptual 

stimuli and to make a motor response. It is therefore unlikely that genuine responses are 
faster than 150 ms in a task that involves both vision and audition. Trials above 1500 ms 
was discarded based on the simple fact of unlikelihood of such extreme outliers in a 

relatively simple task (see Whelan, 2008, for a discussion of methods of handling 
outliers). All analysis used an alpha level of .5. 

 
Phase 1 
Pitch-elevation task 

To assess whether elevation or pitch influenced response times, a 2 (elevation: high vs. 
low) by 2 (pitch: high vs. low) factorial analysis of variance (ANOVA) with reaction 

time as dependent variable were performed to assess whether visual elevation or 
auditory pitch alone influenced the performance of the participants. The ANOVA 
showed a main effect of elevation, such that a high elevation (M = 384.71, SD = 9.02) 

took significantly longer to respond to compared to a low elevation regardless of sound, 
(M = 374.57, SD = 8.70), F (1,49) = 5.29, p < .05, ηp

2 = .097. There were no other 
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statistically significant main effects or interactions.  
 
Altered pitch-elevation task 

A 2 (high elevation vs. low elevation) x 2 (pitch of first sound: high vs. low) x 2 (pitch 
of second sound: high vs. low) repeated measures analysis of variance (ANOVA) with 
reaction time as dependent variable showed a significant interaction effect between 

pitch of first sound and the pitch of the second sound, F (1,46) = 17.50, p < .001, ηp
2 = 

.275; it takes longer to respond to a visual stimuli when two sounds are congruent 

compared to when they are incongruent. See Figure 3 for the mean response time for the 
different conditions. There were no other statistically significant main effects or 
interactions.  

 
 

 
Figure 3. Means and standard deviations for the altered pitch-elevation task. HHH = 
High elevation, High pitch first sound, High pitch second sound, LLL = Low elevation, 
Low pitch first sound, Low pitch second sound, etc.  

 
Phase 2 

Prime 
A 2 (letter: target vs. false alarm) by 2 (group: group 1 – global prime vs. group 2 – 
local prime) mixed model analysis of variance (ANOVA) with response time as 

dependent variable showed a significant main effect of response time of letter, F (1,39) = 
31.06, p < .0001, ηp

2 = .443, and a significant effect of group, F (1,39) = 10.09, p < .01, 

ηp
2 = .205. Participants were faster to identify a target letter (M = 737.56, SD = 19.62) 

than a false alarm (M = 835.78, SD = 28.35), and group 1 (global prime) was faster 
overall (M = 714.48, SD = 32.54) than group 2 (local prime), (M = 858.86, SD = 

31.76). No significant interaction effects were found between letter x group, F (1,39) = 
0.371, p = .546. In summary, these results suggests that the prime had an effect – the 

globally primed group responded faster to target stimuli than the locally primed group.  
 
Navon pitch-elevation task 

A 2 (response: global letter vs. small letter) by 2 (group: group 1 – global prime vs. 
group 2 – local prime) mixed model analysis of variance (ANOVA) with written letter 

200 

250 

300 

350 

400 

450 

HHH HHL HLH HLL LHH LHL LLH LLL 

M
e

a
n

 R
T

 i
n

 m
s 

(+
/

-S
D

) 

Condition 



12 
 

as dependent variable showed a significant main effect of response, F (1,38) = 8.50, p < 

.01, ηp
2 = .183. Participants identified the global letter more often (M = 50.75, SD = 

3.69) than the small letter, (M = 29.25, SD = 3.69). Furthermore, a strong significant 

interaction effect between response and group, F (1,38) = 8.19, p < .01, ηp
2 = .177 was 

found, showing that group 1 more often identified the global letter (M = 61.30, SD = 
5.22)  compared to group 2, (M = 40.20, SD = 5.22). Thus, the prime seem to have had 

an effect. No other statistically significant main effects or interaction were found. To see 
whether congruency had an effect on response latencies, a second mixed model analysis 

of variance (ANOVA) was performed. It had 2 (elevation: high vs. low) by 2 (pitch: 
high vs. low) by 2 (group: group 1 – global prime vs. group 2 – local prime) levels, and 
response time was used as the dependent measure. It showed a significant main effect of 

elevation, F (1,38) = 10.31, p < .01, ηp
2 = .213; participants responded significantly faster 

when the letter was presented in low elevation on the screen (M = 684.76, SD = 42.99) 

compared to when the letter was presented in high elevation (M = 717.34, SD = 43.73). 
No other statistically significant main effects or interaction were found.  
 

Phase 3 
Pitch-elevation task 

A one-way repeated measures analysis of variance (ANOVA) with response time as 
dependent variable was performed. After a Greenhouse-Geisser correction, a significant 
differences between the four conditions was found, F (3,147) = 5.84, p < .01, ηp

2 = .107. 

With a Bonferroni correction, it was revealed that the participants answered 
significantly faster in trials of low elevation and low pitch compared to tr ials of high 

elevation and low pitch, p < .05 (M = 319.21, SD = 5.51 vs. M = 330.37, SD = 5.61), 
and in trials of low elevation and high pitch compared to trials of high elevation and low 
pitch, p < .05 (M = 320.01, SD = 5.31 vs. M = 330.37, SD = 5.61). To assess whether 

the priming in phase 2 had any influence on the performance of the participants in this  
subsequent task, a 2 (elevation: high vs. low) by 2 (pitch: high vs. low) by 2 (group: 

group 1 – global prime vs. group 2 – local prime) mixed model analysis of variance 
(ANOVA) with reaction time as dependent variable were also performed. The ANOVA 
showed a main effect of elevation, such that a high elevation (M = 328.95, SD = 6.14) 

takes significantly longer to respond to than a low elevation regardless of sound, (M = 
317.76, SD = 6.05), F (1,38) = 12.09, p < .001, ηp

2 = .241. There were no other 

statistically significant main effects or interactions.  
 
Unimodal task 

A one-way repeated measures analysis of variance (ANOVA) with response time as 
dependent variable was performed. A significant difference between the two conditions 

was found, F (1,19) = 8.12, p < .05, ηp
2 = .311, the participants responded slower to a 

black circle presented in high elevation (M = 339.94, SD = 11.33) compared to a black 
circle presented in low elevation (M = 327.30, SD = 9.94). 

 
Discussion 

 
The main purpose of the present study was to further investigate the robust finding of a 
crossmodal correspondence between auditory pitch and visual elevation (Bernstein & 

Edelstein, 1971; Evans & Triesman, 2010), and further, to assess whether induced 
cognitive processing style could affect the speed of processing of crossmodal material. 
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Obviously, a prerequisite for expecting the latter was a replication of the congruency 

effect. Previous studies have demonstrated effects in different human faculties and skills  
(e.g., facial recognition (Macrae & Lewis, 2002); creativity (Friedman et al., 2003); etc) 

based on induced cognitive processing style, with the results from Förster (2011) and 
others (e.g., Friedman et al., 2003; Schooler, 2002) showing that cognitive processing 
style can be induced in one sensory modality and carry over to other sensory modalities 

or cognitive domains, thus facilitating or impairing subsequent performance in different 
tasks. Furthermore, Spence (2011) forwarded the theory of crossmodal correspondence 

belonging to different categories: structural, statistical and semantic. He argues, along 
with others (Evans & Triesman, 2010), that the crossmodal correspondence between 
pitch and elevation belongs either to the statistical or the semantic category, and should 

therefore be flexible to change. Based on this I argued that the speed of crossmodal 
integration of sensory stimuli could be facilitated or impaired by something as simple as 

the Navon letter task (Navon, 1977).  
 
Hypothesis 1A: Stimuli pertaining to two different senses presented in a congruent 

fashion should be faster identified than stimuli presented in an incongruent fashion  
 

Surprisingly, the well-known finding of a crossmodal correspondence between pitch and 
elevation (Bernstein & Edelstein, 1971: Evans & Triesman, 2010) did not receive 
support in any of the tasks presented in this experiment. Seemingly the effect is not as 

robust. Why the effect was not replicated in the present study could be due to some 
different reasons: It could be due to what is known as the publication bias – studies that 

does not replicate known findings, or studies with inconclusive results, remain 
unpublished due to a bias for publishing only significant results. Although, this does not 
seem to be an issue in the present case – three different tasks involving congruent and 

incongruent trials of pitch-elevation tasks showed the exact same pattern: participants 
respond slower to a high elevation compared to a low elevation regardless of what pitch 

the sound was presented in. This also rules out the possible explanation of a falsely 
positive result, which could have been forwarded if this only pertained to one of the 
tasks. This “downward bias” is somewhat puzzling, and, to my knowledge, similar 

results have not been demonstrated before. The most plausible explanations are 
probably found either in the original design of the study (i.e., procedural differences 

between my experiment and other experiments), and/or the stimuli used, or in the 
presentation of the tasks. One possibility is the assignment of response keys – I 
consistently used “Q” (left hand) as the response key for high elevation and “P” (right 

hand) for low elevation. According to the Simon effect (Simon & Rudell, 1967), 
reaction times are faster when stimuli are presented in the same location as the response 

key (i.e., a response-key on the right side of the keyboard corresponds to a stimuli 
presented on the right side of the screen). Maybe this could have influenced the results? 
“P” is pressed with the right hand and most participants were reportedly right-handed, 

they may therefore have been faster responding with that hand. In fact, other studies 
have controlled for this, comparing RT’s between participants using left/right response 

keys, and participants using the reversed order of response keys (e.g., Evans & 
Treisman, 2010;  Marks, 1987). Admittedly, Marks (1987) did find that the assignment 
of response keys played a small role – the reverse key assignment reduced some of the 

found interactions, but the effects were still reliable. Similar results were obtained by 
Evans and Treisman (2010). Thus, the assignment of response keys may have 
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influenced the results in a minor way, but it is implausible that this is the leading cause 

because of the marginal effects of response key assignment. A simple, yet possible, 
explanation is that the computer screen was elevated too high, or tilted in a certain angle 

during the experiment, thus rendering the lower visual stimuli closer to the eyes of the 
participants (i.e., the participants natural fixation point was lower on the screen). An 
attentional shift would then not be necessary to perform, and response latencies would 

therefore decrease for low targets. Although no apparatus was used to keep the head of 
the participants still, nor was an eye-tracker present (which, in this case, probably would 

have provided the correct explanation for the results), it was explicitly explained to the 
participants to adjust the height of the chair so that the centered fixation cross was in 
line with their eyes. It is still possible that the height of the screen affected the outcome, 

but it is not very likely. Another possible explanation is that the sounds were both too 
high-pitched to ever correspond to the high visual elevation, thus always preparing the 

participants for the low elevation. But this can be probably be ruled out. Evans and 
Treisman (2010) used a 1000 Hz sound and a 1500 Hz sound, while in this study a 500 
Hz sound and a 1500 Hz sound was used. Then, the congruency effect should have been 

even bigger in my case, according to the assumption of unity (Vroomen & Keetels, 
2006). Another explanation could be the way the sounds were presented. In the present 

study headphones were used, while others (e.g., Evans & Treisman,2010 ; Marks, 1987) 
have used only speakers as a mean of presentation. It is plausible that sounds are 
affected by the mean of presentation, thus, this may be an explanatory variable in this 

case. Further research may answer this question. Lastly, a synergy effect might be the 
right answer? The explanations offered above may all be wrong by themselves, but 

together these slight effects may have had some additive property. To conclude, these 
results need further research to properly assess the causes.  
 

Hypothesis 1B: The congruency effect should be strengthened or weakened by 
additional congruent or incongruent stimuli presented before the actual trial 

 
Concerning hypothesis 1B, the altered pitch-elevation task also showed some 
unexpected results: the response latencies were significantly higher when the two 

sounds were congruent compared to when they were incongruent, regardless of visual 
congruence-to-sounds and elevation. These are interesting findings – other researchers 

(e.g., Keetels & Vroomen, 2010) have shown that an irrelevant sound presented before a 
task of visual spatial judgment can decrease response times. The current results suggests 
that this effect only holds if there is a discrepancy between the sound presented before 

and during the visual judgment task. More research is needed to assess the proper 
causes of this finding. 

 
Interestingly, this task failed to show a downward bias (discussed above) – even though 
the only difference in the procedure between the tasks was that a sound was added 

before the actual trial in the altered pitch-elevation task. One conclusion to be made out 
of this is that a sound presented before the task disarms whatever process that causes the 

downward bias. 
 
Hypothesis 2: Cognitive processing style may be induced by means of a Navon letter 

task and may transfer and affect subsequent unrelated perceptual tasks of a crossmodal 
nature 
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The hypothesis that induced cognitive processing style could affect the speed of 
integration of subsequent presented crossmodal material did not receive support in this 

study. However, this hypothesis was dependent on the replication of the pitch-elevation 
findings. Thus, no conclusive evidence can be drawn about the null-results regarding 
whether induced cognitive processing style can have an effect on the integration of 

crossmodal stimuli.  
 

The priming did have a significant effect on the participants; such that a global prime 
made it easier for the participants to identify subsequent global targets in the Navon 
pitch-elevation task, while a local prime made it easier for the participants to identify a 

local target. This was expected and is in line with earlier research (e.g. Förster, 2011; 
Macrae & Lewis, 2002). Of course, this could be due to the simple fact that it is easier 

to identify something big compared to a detail – but subsequent effects of such a simple 
prime has been demonstrated elsewhere (e.g., Förster, 2011; Macrae & Lewis, 2002).  In 
addition, the present study demonstrated that participants responded faster when 

instructed to search for the global rather than the local targets, which also replicates 
earlier results (e.g., Navon, 1977, but see Davidoff et al., 2008, for conflicting results). 

Thus, the actual hypothesis forwarded in the beginning of this paper may still hold true. 
Participants may have found themselves in a global or local “mode”, and the effect of 
the prime may have transferred to the subsequent pitch-elevation tasks, although the 

effects may have been overrode by the downward bias discussed above (also present in 
the Navon pitch-elevation task), and thus disappeared in the noisy data.  

 
Conclusion 
The design of this study was similar to studies presented elsewhere (e.g., Bernstein & 

Edelstein, 1971; Evans & Treisman, 2010) and it was therefore thought it would 
produce similar results. In many cases, it failed to do so. This may have to do with that 

the correspondence effect between pitch and elevation are not as robust as it seems, or it 
may have to do with some methodological issues in the current experiment. In any case, 
future studies should take precautions so as to minimize the risk that no effects are 

produced. A possible way to produce stronger effects would be to present congruent and 
incongruent trials separately in different blocks, then comparing the blocks. If this 

method is used, the effect of training must be taken into consideration (using 
counterbalancing, for example). Furthermore, although not necessary, using an eye-
tracker would make a difference in similar paradigms. 

 
The research area of crossmodal correspondences has in recent years provided 

substantial insights into the foundations of human perception and the neurological basis 
thereof (e.g., Calvert, Spence & Stein, 2004; Spence, 2011). It is a subject that is 
gaining increasing popularity and the effects of crossmodal correspondences on human 

faculties such as memory and learning is currently being investigated. Crossmodal 
research, so far, has mostly been focused on small differences, mostly using response 

time as the dependent measure, often situated in somewhat artificial settings; not unlike 
the one presented here. This research area would benefit from using a more naturalistic 
setting. Moreover, adding complexity while using bigger measures would be another 

instrument to tweak the current paradigms. For example, how would distance affect 
integration of naturalistic congruent sound and pictures (e.g., a picture of a lion and the 
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sound of its roar at varying distances and sound levels)? 

 
Regarding global and local processing styles, it is an area also somewhat in its infancy. 

Future research could try to induce processing style by other means (e.g., Gasper, 2004, 
by inducing a good or bad mood by means of a life-event narrative), or even by multiple 
methods (e.g., using both a Navon letter task coupled with a life-event narrative). Given 

that procedural priming is a genuine phenomenon, it would be interesting to see its 
application on other areas of research. Would a local processing style improve memory 

for specific objects in a picture, compared to the whole picture? Given that creative 
generation is improved by global priming (Friedman et al., 2003), would it work the 
other way around – could creative thinking induce a global processing style? And what 

would the implications be? Also, to further explore this concept, different primes could 
be used – real world primes as well as abstract symbols.  

 
In conclusion, the present study replicates some of the well known findings regarding 
global and local processing. However, it failed to replicate the otherwise well-known 

findings of congruency effects between pitch and elevation, but instead, demonstrated 
results of what was called a downward bias (i.e., that participants responded faster to 

stimuli presented low on the screen compared to stimuli presented high on the screen). 
Furthermore, it was found that participants showed significantly slower response times 
when two sounds were presented, when those sounds were congruent compared to when 

they were incongruent. To my knowledge, similar results have not been demonstrated 
elsewhere. It was speculated that these results could be an instance of when congruency 

effects fail to facilitate subsequent tasks. The main question regarding the current study 
remains unanswered – why did three consecutive tasks show the same results of 
decreased response times to low elevation? Further research is needed to better 

understand the current results.  
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