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VISUAL SEARCH FOR LETTERS IN THE RIGHT VS. LEFT 

VISUAL HEMIFIELDS: THE ROLE OF PERCEPTUAL LOAD 

AND SET 

The aim of the study was to better understand interconnection of visual attention, word 

processing and visual field asymmetries. Three experiments investigated visual search for a 

prespecified letter in displays containing 6-letter words or nonwords placed 7 degrees left and 

right to the fixation, with a variable target letter position within word and nonword strings. In 

Experiment 1, two letter strings of the same type (either words or nonwords) were presented to 

both sides of the visual field. In Experiment 2, there was only one letter string presented right or 

left to the fixation. In Experiment 3, two letter strings presented to both sides of the visual field 

were of different type (one word and one nonword). RT and accuracy data were collected. The 

results of Experiment 1 provide evidence for serial search for a letter within a word in the left 

visual field (LVF) and within a nonword in the right visual field (RVF) and parallel search for a 

letter within a nonword in the LVF and within a word in the RVF. The results of Experiment 3 

were similar except for serial search for words in RVF. In Experiment 2, where perceptual load 

was twice lower, the search within both types of letter strings in both hemifields was serial. 

These results demonstrate the influence of the perceptual load and readiness to process a certain 

type of letter string, on the observers' choice  of search strategy. 
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Introduction 

 Among the important issues in the studies of high-level processes in human vision are the 

mechanisms of reading and processing of lexical stimuli. On the one hand, in this research 

domain there is an area of investigations grouping around the role of attention in the processing 

of embedded visual stimuli, such as letters within words (e.g. Johnston & McClelland, 1974; 

Salvemini et al., 1998; Fine, 2001; Falikman, 2011) and words within sentences (Potter, 

Nieuwenstein, & Strohminger, 2006; Barber, Ben-Zvi, Bentin, & Kutas, 2011). On the other 

hand, experimental studies of visual word processing might lead to new insights into the 

mechanisms of dyslexia (e.g. Grainger, Bouttevin, Truc, Bastien, & Ziegler, 2003). What's also 

interesting about lexical stimuli is functional specialization and functional asymmetry of human 

brain creating visual field asymmetry for spatially distributed stimuli. 

Visual field asymmetries refer to differences in the processing of stimuli presented in different 

parts of visual field. There are three types of visual field asymmetries reported in the literature: 

left/right visual hemifield asymmetries, temporal/nasal visual hemifield asymmetries and 

upper/lower visual hemifield asymmetries (e.g. Michael & Ojeda, 2005). Left/right asymmetry is 

the most relevant to the studies of lexical information processing. According to Bever (1975), 

left-to-right cerebral asymmetries of mental functions are due to the two kinds of processes in the 

brain: analytic and holistic. Analytic processing is mostly lateralized to the left hemisphere and 

unfolds successively (e.g. letter-by-letter reading). Holistic processing is mostly lateralized to the 

right hemisphere and is simultaneous for all elements to be processed (e.g. whole-word reading). 

Although in both auditory and visual language processing both kinds of processes and both 

hemispheres are involved (Lindell, 2006), specialized language processing zones, starting from 

the visual word form area (VWFA) and finishing with Broca's and Wernicke's areas, are located 

in the left hemisphere in the majority of right-handed population. 

Left/right visual hemifield asymmetry has been investigated in a number of studies on different 

perceptual phenomena. One of the most important questions is whether both hemispheres 

participate in selective attention and whether they contribute alike. The first PET studies 

(Corbetta, Miezin, Shulman, & Petersen, 1993, 1995), together with the analysis of attentional 

deficits in patients with unilateral visual neglect (Husain, Shapiro, Martin & Kennard, 1997), 

suggest the dominance of the right hemisphere as a substrate of visual attention, the idea further 

supported by fMRI studies (Woiciulik & Kanwisher, 1999). At the same time, bilateral 

attentional advantage was found for multiple object tracking (Alvarez & Cavanagh, 2005), 

crowding (Chakravarthi & Cavanagh, 2009) and elementary visual tasks (Reardon, Kelly, & 

Matthews, 2009). These results provide evidence for independent attentional resources for the 

left and right hemispheres, a hypothesis supported by transcranial magnetic stimulation study of 
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multiple object tracking in healthy observers (Battelli, Alvarez, Carlson, & Pascual-Leone, 

2009). 

Nevertheless, taken together, the data on the independence of attentional systems for the right 

and left hemispheres are quite controversial. Bilateral attentional advantage was not found for 

visual search in healthy subjects (Luck, Hillyard, Mangun, & Gazzaniga, 1989). A recent study 

by Alvarez, Gill and Cavanagh (2012) showed hemifield independence in visual search task for 

location-based selection but not for feature-based selection. In addition, unilateral field 

advantage was found for detecting repeated elements (Butcher, Cavanagh, 2008) and for 

detecting matched motion paths (Butcher, Cavanagh, 2005). 

Of special importance is a question of RVF/LVF asymmetry in the visual perception and 

attention to different categories of stimuli. There is an established fact that verbal stimuli are 

identified more easily when presented in the right visual hemifield (left hemisphere) and 

nonverbal stimuli are identified more easily when presented in the left visual hemifield (right 

hemisphere) (e.g. Levine & Koch-Weser, 1982). RVF (left hemisphere) advantage was found for 

word naming (Scott & Hellige, 1998), word recognition under random spatial frequency 

sampling (Tadros, Dupuis-Roy, Fiset, Arguin, & Gosselin, 2013), and other visual-verbal tasks.  

Lexical decision experiments usually show word length effects for words presented in the LVF 

but not for words presented in the RVF. Recognition is affected more by word length for words 

in the LVF than for words in the RVF (e.g. Ellis, Young, & Anderson, 1988; Whitney & 

Lavidor, 2004). In contrast, Jordan, Patching and Milner (2000) found identical serial position 

effects for both visual fields in the Reicher-Wheeler task in which a participant has to identify a 

letter either embedded in a backward-masked word or in a random letter string or presented 

separately using a 2-AFC procedure (Reicher, 1969; Wheeler, 1970). In a recent study by 

Lavidor and Bailey (2005) serial position and word length effects were compared in two 

different tasks – lexical decision and visual search. For the visual search task, performance in 

both hemifields showed similar effects of serial position. In the lexical decision task, response 

times to RVF words were not affected by the amount of letters, but the amount of letters had a 

significant effect on LVF performance. These results indicate that the effects of serial position 

and of a number of letters in the two visual fields are modulated by the task. Whereas letter-level 

processing (visual search and the Reicher-Wheeler tasks) may be similar in both hemifields, the 

whole-word processing (lexical decision task) reveals qualitative differences between the 

hemifields. 

A recent study by Madrid, Lavie and Lavidor (2010) showed that the effect of lexicality on 

distractor processing in letter search task was stronger for words presented to the left compared 

to the right hemifield. According to N. Lavie’s Perceptual Load Theory of attention (Lavie, 
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1995), the selection occurs earlier when the load is high and later when the load is low. There is 

a body of evidence from previous research (e.g. Rees, Frith, & Lavie, 1997; Lavie & Cox, 1997) 

demonstrating that irrelevant distractors can be ignored in tasks with high perceptual load, but 

not in tasks with low perceptual load. A study by Brand-D’Abrescia and Lavie (2007) showed 

that the number of letters in a search task raises perceptual load and reduces irrelevant distractor 

effects for search within nonwords but not within words. Thus the results of Madrid, Lavie and 

Lavidor support the attentional load hypothesis  as regards visual word recognition and 

RVF/LVF asymmetry. Previous studies have demonstrated that visual attention interacts with 

word processing and, in particular, with the word superiority effect, using a number of perceptual 

and attentional paradigms, such as lateral masking (Fine, 2001), metacontrast masking (Luiga, 

Bachmann, & Põder, 2002), the attentional blink (Falikman, 2002; Gorbunova, Falikman, 2010), 

simultaneity judgements (Pechenkova & Sinitsyna, 2009), spatial cueing (Gorbunova & 

Falikman, 2012), although not in all tasks presumably involving visual attention (for a motion-

induced blindness study see Devyatko & Falikman, 2008). Using the spatial cueing paradigm, 

study we presented words, pseudowords and nonwords left and right to the fixation and asked 

participants to shift attention to the letter string following the central cue which was correct 75% 

of trials. The observers were instructed to identify a letter in a letter string using a 2-AFC 

paradigm (Reicher, 1969; Wheeler, 1970). Our study didn't reveal any differences in processing 

between left and right hemifields, although there were differences in the word and pseudoword 

processing after valid and invalid cues. Whereas valid cues led to both word and pseudoword 

superiority, thus emphasizing the role of orthographic regularity in the word superiority effect, 

invalid cues provided for word superiority only, revealing the role of the word familiarity under 

inattention. At the same time, none of these studies manipulated attentional load (e.g. the total 

amount of stimuli in the entire visual field), whereas one might expect its contribution to the 

word superiority effect, given that the attentional load influences multiple stages of visual 

processing (Lavie, Beck et al., 2014). 

The word superiority effect has previously been obtained for letter search in word strings 

(Krueger, Keen, & Rublevich, 1974; Johnson & Carnot, 1990). However, earlier we failed to 

find a pronounced word superiority effect in the study of letter search in words and nonwords 

among other words or nonwords distributed over the display (Pantyushkov, Horowitz & 

Falikman, 2008). What we did observe where a somewhat faster search within a word, a finding 

supporting earlier results by Johnson & Carnot (1990), and a faster word rejection as a distractor 

string not containing a target letter. 

The discrepancies in the letter search data, not providing a clear answer whether visual search for 

an embedded letter might be efficient, together with a remaining controversy in the data about 
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RVF/LVF asymmetry in the letter search in various types of letter strings (words and nonwords) 

containing a target letter, prompted us to investigate into the interaction of search strategies, 

visual hemifields and perceptual load. We manipulated these factors in three experiments. 

 

Experiment 1 

In the first experiment we investigated visual search for letters within words and nonwords in the 

right and the left visual hemifields. In each trial two letter strings were presented – one in the 

RVF and one in the LVF. The participants were instructed to search for a single letter 

prespecified in the beginning of each trial, while maintaining central fixation. We hypothesized 

that search for letters in words will be more efficient compared to nonwords. We also expected a 

left-right visual hemifield asymmetry in this task. 

Method 

Participants 

27 right handed volunteers, students and graduates of Lomonosov Moscow State University and 

other universities in Moscow participated in the study. Results of 5 participants were excluded 

due to the extremely slow RTs (more than M + SD). The final data set included results from 22 

participants, 3 male and 19 female. All of them were native Russian speakers with normal or 

corrected to normal vision. The age varied between 17 and 28 y.o. (M = 20,1).  All participants 

were naive to the experimental hypothesis. 

Stimuli 

The target was either the 2nd or the 5th letter in a string of six Cyrillic letters. The string could 

be a word or a nonword. The words were 6-letter nouns from the Frequency Dictionary of 

Russian language
3
, balanced across frequency. Nonwords were constructed from these words by 

letter transposition and could not be recognized as words. 288 words and 288 nonwords were 

used. All words and nonwords were presented in black against a gray background. All letters 

were presented in upper case. A target letter was presented 7,326 degrees to the right or to the 

left from the fixation (no matter if it was the second or the fifth letter in the string). The string 

size was 3,043 degrees of visual angle horizontally and 0,818 degree vertically.  

Procedure 

The experiment was performed using a computer tachistoscope TX 4.01 (https://psy-

journal.hse.ru/en/2014-11-4/139186576.html). A PC with Mitsubishi CRT monitor and video 

card NVidia GeForce 4mx was used at a refresh rate of 120 Hz. A special console for recording 

                                                           
3
 The dictionary by Lyashevskaya & Sharov is available online at: http://dict.ruslang.ru/freq.php 
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RT data from lpt port was used. Participants were sitting in the dark room, a chin rest maintained 

a viewing distance of 70 cm. The experiment consisted of 576 trials, divided into four parts with 

short breaks between them. In 192 trials the target was not present (catch trials, not further 

analyzed in the data analysis), the other 384 trials were distributed between different conditions, 

48 trials for each combination of three independent variables (visual hemifield, letter string type, 

target letter position). The order of presentation was randomized.  

The experiment was run individually. Each trial began with a 2000 ms target letter presentation 

at the center of the screen. The target letter was set separately for each trial. After that, a fixation 

cross was presented for 1000 ms in the center of the screen, and a participant was instructed to 

focus on it. The fixation display was followed by presentation of two letter strings 6,92 degrees 

to the left and to the right from the center of the screen. These two letter strings were of the same 

type (both were either words or nonwords). Any one of the strings could contain the target letter. 

The participant’s task was to find the target as fast as possible and to press a key on the console. 

In case the target letter was not present a participant had to press another key. Letter strings 

remained on the screen until response. Trial design is shown in Figure 1. A training session of 10 

trials preceded the experiment.  

 

Figure 1. Trial design in Experiment 1 (target-present, words trial). “УЛИТКА” is a 

Russian word for “snail”, “МОНСТР” is a Russian word for “monster”. 

 

Results 

RTs and accuracy for different conditions were compared. RTs longer than three standard 

deviations above the mean were excluded from the analysis. There were no RTs shorter than 

three standard deviations below the mean. Trials with incorrect responses (7,54% of the overall 

data) were excluded from the RT analysis. Data analysis was performed using SPSS 17.0. 

Multivariate repeated measures analysis of variance (rmANOVA) was used. The first factor was 

visual hemifield (left or right), the second factor was letter string type (word or nonword) and the 
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third factor was target position (second or fifth letter in the string). Pairwise comparisons for 

different target positions for each type of letter strings and each hemifield separately were also 

performed. 

RTs 

The mean RTs from target-present trials are presented in the Figure 2. The rmANOVA revealed 

a main effect of visual field, F(1,21) = 21.94, p =.001, a main effect of string type (lexicality), 

F(1,21) = 54.64, p = .001, and a main effect of target position, F(1,21) = 24.83, p = .001. The 

interaction between visual field and lexicality was not significant, F(1,21) = 2.12, p = .160, as 

well as the interaction between visual field and target position, F(1,21) = .12, p = .734, and the 

interaction between lexicality and target position, F(1,21) = 1.46, p = .240. The three-way 

interaction was significant, F(1,21) = 12.71, p = .002. 

Pairwise comparisons revealed significant differences for target letters within words on the 

second position (M = 806.53, SD = 148.78) and on the fifth position (M = 875.86, SD = 158.74) 

in the LVF, F(1,21) = 27.37, p = .000, and also for target letters within nonwords on the second 

position (M = 1087.41, SD = 242.42) and on the fifth position (M = 1179.34, SD = 280.11) in the 

RVF, F(1,21) = 21.44, p = .000. No other significant effects were found. 

 

  

Figure 2. RT data for Experiment 1 for LVF (on the left) and for RVF (on the right). Error 

bars indicate standard errors of mean. 
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Accuracy 

The accuracy data is presented in the Figure 3. The ANOVA revealed the main effect of visual 

field F(1,21) = 4.81, p = .040 and the main effect of string type F(1,21) = 6.92, p = .016. There 

was no main effect of target position F(1,21) = 0.53, p = .477. The interaction between visual 

hemifield and target position was significant F(1,21) = 9.18, p = .006. The interaction between 

visual hemifield and string type was not significant F(1,21) = 0.02, p = .884, as well as the 

interaction between string type and target position F(1,21) = 0.02, p = .901. The three-way 

interaction was significant F(1,21) = 8.33, p = .009.  

Pairwise comparisons revealed significant differences for targets within nonwords on the second 

position (M = 94.06, SD = 6.37) and on the fifth position (M = 91.36, SD = 6.26) in the RVF, 

F(1,21) = 6.23, p = .021. No other significant effects were found. The results (including detailed 

pairwise comparisons) are presented in the Tables 1-4. 

 

 

Figure 3. Accuracy data for Experiment 1. Error bars indicate standard errors of mean. 

 

Discussion 

The experiment revealed shorter RTs and better accuracy for words compared to nonwords thus 

providing support for the word superiority effect. This result is inconsistent with the results of an 

earlier study by Pantyushkov, Horowitz and Falikman (2008) who did not observe word 

superiority effect in visual search. This result can be attributed to the differences in the number 

and arrangement of stimuli used in that study: in each trial several (3, 7 or 10) letter string were 

presented at random locations on the display. In our current study only two letter strings were 

presented at the predictable locations. The recent study by Starrfelt, Petersen, & Vangkilde 

70

75

80

85

90

95

100

Nonword

Left 2

Nonword

Left 5

Word Left

2

Word Left

5

Nonword

Right 2

Nonword

Right 5

Word

Right 2

Word

Right 5

A
cc

u
ra

cy
 (

%
) 

 

Target position 



10 
 

(2013) did not reveal any word superiority when multiple stimuli were presented simultaneously. 

Thus the absence of the word superiority effect in the experiment by Pantyushkov et al., 2008 

could be related to the reduction of visual working memory capacity for complex objects. 

The mean RT for stimuli in the LVF was shorter as compared to the RVF. Accuracy was also 

higher for LVF as compared to RVF. This result might be related with left-to-right reading 

strategy due to which subjects started searching in the LVF and then proceeded to the RVF. The 

significant effect of target position for words in the LVF and for nonwords in the RVF suggests 

serial search. In contrast, no significant effect of target position for nonwords in the LVF and for 

words in the RVF suggests parallel search. These results might reveal differences between novel 

and familiar stimuli processing. For novel stimuli (nonwords), hemispheric information 

processing strategies (Bever, 1975) play the most important role. As holistic information 

processing is characteristic of the right hemisphere, the search within nonwords presented in the 

LVF is parallel. On the other hand, successive informational processing characteristic of the left 

hemisphere leads to serial visual search within nonwords in the RVF. In contrast, for familiar 

stimuli (words), top-down influences based on the observer's experience are more important than 

hemispheric information processing strategies. Processing units for the right hemisphere (LVF) 

are single letters as holistic configurations, which leads to serial search within words in LVF. 

The left hemisphere (RVF) is linked to lexical information processing and might process words 

as wholes, which leads to parallel search within words presented in RVF. 

Our results are inconsistent with the results of Lavidor & Bailey (2005) who found positional 

effects for words in RVF in visual search task. However, this discrepancy in results might be 

attributed to the differences in perceptual load (Lavie, 1995, 2005). In Lavidor & Bailey's 

experiment one letter string was presented in one of the hemifields in each trial, whereas in our 

study two letter strings were presented one in each hemifield. Another possibility is that parallel 

search within words in RVF is partly due to presetting, i.e. an observer's readiness to process a 

particular type of stimuli (e.g. Osugi & Kawahara, 2013). 

 

Experiment 2 

In the second experiment we investigated the role of perceptual load in visual search for letters 

within words and nonwords in the right and the left visual hemifields. In each trial only one letter 

string was presented either in the RVF or in the LVF. From previous results by Lavidor & Bailey 

(2005) we expected serial search within both types of letter strings in both hemifields. 

Method 

Participants 
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20 right handed students and graduates of Lomonosov Moscow State University and other 

universities in Moscow participated in the study. None of them participated in Experiment 1. 

Results of 1 participant were excluded from the further analysis due to slow RTs (more than M + 

SD). The final data set included data from 19 participants, 8 male and 11 female. The age varied 

between 17 and 35 (M = 21,3). All participants were native Russian speakers, and had normal or 

corrected to normal vision. All  were naive to the experimental hypothesis. 

Stimuli 

The stimuli were the same as in Experiment 1, except for that within each trial only one letter 

string was presented either in the LVF or in the RVF. 

Procedure 

The procedure was the same as that in Experiment 1. Trial design is shown in the Figure 4. 

 

Figure 4. Trial design in Experiment 2 (target-present, words trial). 

 

Results 

RTs and accuracy for different conditions were compared. RTs longer than three standard 

deviations above the mean were excluded from the analysis. There were no RTs shorter than 

three standard deviations below the mean. Trials with incorrect responses (7,79% of the overall 

data) were excluded from the RT analysis. Data analysis was performed using SPSS 17.0. 

Multivariate repeated measures analyses of variance (rmANOVA) was used. The first factor was 

visual hemifield (left or right), the second factor was lexicality (word or nonword) and the third 

factor was target position (second or fifth letter in the string). Pairwise comparisons for two 

target positions for each type of letter strings and each hemifield separately were also performed. 

RTs 

The mean RTs from target-present trials are presented in Figure 5. The rmANOVA revealed a 

main effect of the letter string (lexicality), F(1,18) = 44.33, p = .000, and also a main effect of 

the target position, F(1,18) = 39.03, p = .000. The effect of visual field was not significant, 
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F(1,18) = 0.06, p = .813. The interaction between visual field and target position was significant, 

F(1,18) = 14.76, p = .001, as was the interaction between string lexicality and target letter 

position, F(1,18) = 5.64, p = .029. The interaction between visual field and lexicality was not 

significant, F(1,18) = 3.03, p = .099. The three-way interaction was also  insignificant, F(1,18) = 

0.78, p = .389. 

Pairwise comparisons revealed significant differences for all compared conditions. 

  

Figure 5. RT data for Experiment 2 for LVF (on the left) and for RVF (on the right). Error 

bars indicate standard errors of mean. 

 

Accuracy 

The accuracy data is presented in Figure 6. The rmANOVA revealed the main effect of visual 

field, F(1,18) = 7.32, p = .014. The effect of letter string (lexicality) was non-significant, F(1,18) 

= 1.96, p = .179, as was the effect of target position, F(1,18) = 3.793, p = .067. The interaction 

between visual field and target position was significant, F(1,18) = 4.96, p = .039. The interaction 

between visual field and lexicality was non-significant, F(1,18) = 0.02, p = .903, as was the 

interaction between lexicality and target position, F(1,18) = 1.51, p = .235. The three-way 

interaction was not significant, F(1,18) = 1.77, p = .200.  

Pairwise comparisons revealed no significant effects of target position. 
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Figure 6. Accuracy data for Experiment 2. Error bars indicate standard errors of mean. 

 

The results (including detailed pairwise comparisons) are presented in the Tables 5-8. 

 

Discussion 

The experiment once again revealed shorter RTs for words compared to nonwords, the result 

consistent with those obtained in Experiment 1. The effect of visual hemifield was not significant 

in this experiment due, which means that the contribution of the left-to-right reading strategy to 

the processing of letter strings was successfully equalized for both hemifields. 

Significant interaction between the visual hemifield and the target position reflects less efficient 

search in RVF as compared to LVF regardless of the string type. This result is inconsistent with 
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the visual field (perceptual load which was twice higher in Experiment 1 as compared to 

Experiment 2). Parallel search could be the result of the visual system overload. When the 

perceptual load is low (one letter string in either LVF or RVF, Experiment 2) serial search is a 

reasonable default option, but when the perceptual load is high (one letter string in each 

hemifield at the same time, Experiment 1) it would be more efficient to choose a search strategy 

depending on the string type and the hemisphere specialization. 

Still, the question remains whether the parallel search within words in RVF in Experiment 1 was 

due to the letter string lexicality itself, or the visual system was to be preset or primed for words 

to take advantage of the more efficient mode of processing. 

 

Experiment 3 

In the third experiment we investigated the role of set for the processing of a particular type of a 

letter string in visual search for letters within words and nonwords in RVF. In experiment 1 we 

found parallel search for letters within words in RVF, which we believed to be due to top-down 

influences in word processing. In Experiment 3, we examined whether these influences could be 

at least partly related to presetting, i.e. readiness to process a letter string of a particular type (a 

word of an observer's native language). When starting to search for a target letter within the first 

letter string in LVF in Experiment 1, an observer might expects to find the same type of string in 

RVF and prepares to involve available processing mechanisms. We modified the procedure so 

that in each trial two letter strings were presented – one in the RVF and one in the LVF (as in 

Experiment 1), but unlike Experiment 1 these strings were of different type (one of them was a 

word and the other was a nonword). 

 

Method 

Participants 

27 right handed students and graduates of Lomonosov Moscow State University and some other 

universities participated in the study. None of them participated in Experiment 2, one 

participated in Experiment 1 (the interval between the experiments was 13 months). Results of 4 

participants were excluded due to slow RTs (more than M + SD). The final data set included 

results from 23 participants, 9 male and 14 female. Their age varied between 17 and 25 

(M=20,3). All of them were naive to the experimental hypothesis, were native Russian speakers, 

and had normal or corrected to normal vision. 

Stimuli 

The stimuli were the same as in Experiment 1 except that two letter strings presented in each trial 

were of different type (one of them a was word and another one was a nonword). 
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Procedure 

The procedure and the timeline were the same as in Experiment 1.  

 

Figure 7. Trial design in Experiment 3 (target-present trial). “ЕОНМТА” is a nonword. 

Results 

RTs and accuracy in all conditions were compared. RTs longer than three standard deviations 

above the mean were excluded from the analysis. Again, there were no RTs shorter than three 

standard deviations below the mean. Trials with incorrect responses (7,26% of the overall data) 

were excluded from the RT analysis.. Data analysis was performed using SPSS 17.0. 

Multivariate repeated measures analyses of variance (ANOVA) was used. The first factor was 

visual hemifield (left or right), the second factor was lexicality (word or nonword) and the third 

factor was target position (second or fifth letter in the letter string). Pairwise comparisons for 

different target positions for each type of letter strings and each hemifield  were also performed 

separately. 

RTs   

The mean RTs from target-present trials are presented in the Figure 8. The rmANOVA revealed 

a main effect of visual field F(1,22) = 40.39, p = .000, a main effect of string type (lexicality) 

F(1,22) = 44.89, p = .000, and a main effect of target position F(1,22) = 61.78, p = .000. The 

interaction between visual field and target position was significant F(1,22) = 10.00, p = .005. 

The interaction between visual field and lexicality was non-significant F(1,22) = 3.42, p = .078, 

as was the interaction between lexicality and target position F(1,22) = 0.15, p = .701. The three-

way interaction was significant F(1,22) = 4.86, p = .038.  

Pairwise comparisons revealed significant differences for target letters within words on the 

second position (M = 796.74, SD = 151.82) and on the fifth position (M = 853.4, SD = 143.11) in 

the LVF, F(1,22) = 19.65, p = .000, for target letters within nonwords on the second position (M 

= 1080.83, SD = 206.12) and on the fifth position (M = 1186.92, SD = 255.28) in the RVF, 

F(1,22) = 28.28, p = .000, and for word targets on the second position (M = 1067.88, SD = 
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227.52) and on the fifth position (M = 1143.55, SD = 234.68) in the RVF, F(1,22) = 33.33, p = 

.000. The difference for nonword targets on the second position (M = 874.92, SD = 156.76) and 

on the fifth position (M = 890.90, SD = 162.09) in the LVF was not significant, F(1,22) = 0.98, p 

= .333. 

 

  

Figure 8. RT data for Experiment 3 for LVF (on the left) and for RVF (on the right). Error 

bars indicate standard errors of mean. 

 

Accuracy 

The accuracy data is presented in Figure 9. The rmANOVA revealed the main effect of string 

type (lexicality) F(1,22) = 8.62, p = .008. There was no main effect of visual field F(1,22) = 

2.03, p = .168, and no main effect of target position F(1,22) = 1.14, p = .298. The interaction 

between visual field and lexicality was not significant F(1.22) = 0.29, p = .595, just as the 

interaction between visual field and target position F(1,22) = 3.04, p = .095, and the interaction 

between lexicality and target position F(1,22) = 0.42, p = .526. The three-way interaction was 

also non-significant F(1,22) = 0.001, p = .982. 

Pairwise comparisons did not reveal any significant differences. 
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Figure 9. Accuracy data for Experiment 3. Error bars indicate standard errors of mean. 

 

The results are presented in the Tables 9-12. 

 

Discussion 

The experiment again demonstrates shorter RTs and better accuracy for words compared to 

nonwords. This result is consistent with the results of both Experiment 1 and Experiment 2. The 

mean RT to targets in the LVF was shorter as compared to the RVF. This result is consistent 

with the result of Experiment 1, which we explained by the left-to-right reading strategy. The 

significant effect of target position for words in the LVF and for nonwords in the RVF suggests 

serial search in these conditions. No significant effect of target position for nonwords in the LVF 

suggests parallel search in this condition. These results are also consistent with the results of 

Experiment 1. 

However, the significant effect of target position for words in the RVF, which diverges from the 

results of Experiment 1, but consistent with our hypothesis, provides evidence for serial search in 

this condition. We believe that this lack of parallel search within words in the RVF might be due 

to presetting. The overall pattern of results suggests that the search always begins in the LVF. In 

the trials containing a word in the RVF, the LVF contains a nonword. An observer starts 

searching in the LVF and then proceeds to the RVF, with his/her visual system being primed to 

process a letter string of the same type as was in the LVF. Then it might be assumed that the 

search strategy remains the same in spite of the string type change. Unlike Experiment 1, single 

letters become processing units in the search in RVF instead of words, which leads to the letter 

by letter analysis of lexical strings. At the same time, the search for letters within nonwords in 
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RVF remains serial. This search is not influenced by set. It seems to be impossible to apply a 

left-hemisphere search strategy fit for words to nonwords, opposite to our earlier rapid serial 

visual presentation studies, where we found a "word-reading" strategic effect upon random letter 

strings presented letter by letter at the same location (Falikman, 2011). 

General discussion 

The present study investigated visual search for letters embedded in letter strings presented in 

left and right visual hemifields. In Experiment 1, two letter strings were presented on both sides 

from the fixation and were of the same type (either Russian words or nonwords). The results 

provide evidence for serial search for a letter within a word in the LVF and within a nonword in 

the RVF and for parallel search for a letter within a nonword in the LVF and within a word in the 

RVF.  

These results are inconsistent with the results of some previous studies, e.g. by Lavidor & Bailey 

(2005) who discovered position effects for words in RVF in letter search task. The plausible 

explanation for these discrepancies is perceptual load (Lavie, 1995; Lavie, 2005). Since 1995, 

when the perceptual load theory had been proposed by Lavie, a solid body of evidence has been 

accumulated demonstrating differences in perceptual processing when the load is low and high, 

both in normal subjects (e.g. Taya, Adams, Graph, & Lavie, 2009; Lavie et al., 2009) and in 

clinical populations, such as neglect patients (Lavie & Robertson, 2001). Word-letter processing 

proved to be sensitive to the perceptual load (Madrid et al., 2010).  

One more factor contributing to the mode of processing employed by the visual system when 

two letter strings are simultaneously present in the visual field might have been an observer's 

readiness to process a letter string of a certain type (a word) in the RVF after processing a string 

in the LVF, i.e. a set (Osugi & Kawahara, 2013). 

These assumptions were tested in the next two experiments. In Experiment 2, there was the only 

letter string presented right or left to the fixation (low perceptual load condition). The results of 

this experiment provide evidence for serial search in the low load condition regardless of the 

visual hemifield and string type, in agreement with the results of Lavidor and Bailey.  

In Experiment 3, we tested the hypothesis that a letter string in the LVF could influence the 

processing of the other letter string in the LVF, providing for a sort of presetting. Two letter 

strings were presented on the both sides from the fixation, as in the Experiment 1, but now they 

were of different types (one word and one nonword). The results of Experiment 3 were mostly 

similar to those of Experiment 1, except for serial search within words in the RVF. These results 

provide evidence for presetting, i.e. employing a specific mode of processing to the letter string 

in the RVF influenced by the letter string in LVF. Interestingly, a nonword in the LVF prevents 

from parallel search within a word in the RVF. However, a word in the LVF does not induce 
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parallel search within a nonword in the RVF. This result shows that to make search efficient, the 

left hemisphere specialization would contribute only to search within words (orthographically 

regular strings) and only when the visual system is primed to process words. 

Taken together, the results of these experiments demonstrate the influence of the perceptual load 

on the observer’s choice of a search strategy when searching for a letter in different types of 

letter strings presented to in either visual field. When the perceptual load is low (Experiment 2, 

just one letter string), no special strategy is used. The search appears to be serial regardless of the 

string type and visual hemifield. When the perceptual load is high (Experiments 1 and 3, two 

letter strings left and right to the fixation), serial or parallel search strategies are applied 

depending on the visual hemifield and string type. We suppose that it makes sense to spend 

effort and / or time to apply a certain strategy only when the perceptual load is high. When the 

perceptual load is low, the strategy switch is not necessary, probably because it requires more 

effort and / or time than the default use of the less efficient serial search strategy. Thus, 

estimation of perceptual load seems to precede the search strategy choice in the visual search for 

a letter embedded in a letter string. 

Our results provide a new explanation for the Lavidor & Bailey's (2005) results. The authors 

assume that letter-level processing (applied in the letter search task) is similar in both hemifields, 

but the whole-word processing is different in left and right hemispheres. Our results provide 

evidence for a variety of letter processing strategies. The parallel search mode emerges only 

when the perceptual load is high. We believe that using of different processing modes is 

associated not with the letter- or whole-word level of processing, but with the interaction of 

perceptual load and lexicality. 

The results of Experiment 3 provide evidence for the role of set in letter search across the 

display. However, this factor is relevant only when the perceptual load is high, and only a word 

string can be subject to this set. This result echoes the finding of Theeuwes, Kramer and 

Belopolsky (2004) who revealed an interaction between perceptual load and attentional set in a 

visual search task.  

In conclusion, we found that in letter search within words and nonwords visual search strategy 

depends on the visual hemifield in which the target letter is embedded, but this dependence is 

mediated by the perceptual load and the observer's readiness to process a word rather than a 

random letter string. These results suggest that there are at least three conditions of the efficient 

search for a letter within a word: its presentation to the right visual hemifield, high perceptual 

load and an observer's readiness to encounter a word rather than a random letter string there. 
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Table 1. Mean RT’s and standard deviations as a function of letter position, visual field, and 

lexicality in experiment 1. 

 LVF RVF 

 2 letter 5 letter 2 letter 5 letter 

Words M = 806.53, SD 

= 148.78 

M = 875.86, SD 

= 158.74 

M = 1054.85, 

SD = 220.87 

M = 1068.88, SD 

= 252.4 

Nonwords M = 881.73, SD 

= 145.28 

M = 910.15, SD 

= 164.81 

M = 1087.41, 

SD = 242.42 

M = 1179.34, SD 

= 280.11 

 

Table 2. Mean correct response rates and standard deviations as a function of letter position, 

visual field, and lexicality in experiment 1. 

 LVF RVF 

 2 letter 5 letter 2 letter 5 letter 

Words M = 95.64, SD = 

4.59) 

M = 95.39, SD = 

4.67 

M = 94.28, SD = 

5.73 

M = 93.69, SD = 

4.93 

Nonwords M = 93.54, SD = 

6.60 

M = 95.14, SD = 

3.69 

M = 94.06, SD = 

6.37 

M = 91.36, SD = 

6.26 

 

Table 3. F and p-value in pairwise comparisons for different target positions for each type of 

letter strings and each hemifield in experiment 1 (RT data). 

 LVF RVF 

 F p-value F p-value 

Words 27.37 .000
*
 0.74 .395 

Nonwords 3.37 .081 21.44 .000
*
 

* The mean difference is significant at alpha .05. 
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Table 4. F and p-value in pairwise comparisons for different target positions for each type of 

letter strings and each hemifield in experiment 1 (accuracy data). 

 LVF RVF 

 F p-value F p-value 

Words 0.13 .722 0.35 .559 

Nonwords 1.98 .174 6.23 .021
*
 

* The mean difference is significant at alpha .05. 

 

Table 5. Mean RT’s and standard deviations as a function of letter position, visual field, and 

lexicality in experiment 2. 

 LVF RVF 

 2 letter 5 letter 2 letter 5 letter 

Words M = 788.97, SD 

= 159.25 

M = 828.72, SD 

= 173.82 

M = 772.39, SD 

= 153.38 

M = 865.31, SD 

= 170.05 

Nonwords M = 850.06, SD 

= 166.45 

M = 902.77, SD 

= 207.64 

M = 800.27, SD 

= 181.92 

M = 925.03, SD 

= 187.85 

 

Table 6. Mean correct response rates and standard deviations as a function of letter position, 

visual field, and lexicality in experiment 2. 

 LVF RVF 

 2 letter 5 letter 2 letter 5 letter 

Words M = 95.61, SD = 

3.96 

M = 94.32, SD = 

3.62 

M = 97.36, SD = 

2.49 

M = 94.99, SD = 

4.93 

Nonwords M = 93.37, SD = 

4.69 

M = 94.84, SD = 

4.17 

M = 96.63, SD = 

3.9 

M = 94.3, SD = 

3.75 
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Table 7. F and p-value in pairwise comparisons for different target positions for each type of 

letter strings and each hemifield in experiment 2 (RT data). 

 LVF RVF 

 F p-value F p-value 

Words 8.42 .010
*
 46.17 .000

*
 

Nonwords 8.38 .010
*
 41.07 .000

*
 

* The mean difference is significant at alpha .05. 

 

Table 8. F and p-value in pairwise comparisons for different target positions for each type of 

letter strings and each hemifield in experiment 2 (accuracy data). 

 LVF RVF 

 F p-value F p-value 

Words 1.68 .212 3.90 .064 

Nonwords 1.81  .195 4.29 .053 

 

 

Table 9. Mean RT’s and standard deviations as a function of letter position, visual field, and 

lexicality in experiment 3. 

 LVF RVF 

 2 letter 5 letter 2 letter 5 letter 

Words M = 796.74, SD 

= 151.82 

M = 853.4, SD = 

143.11 

M = 1067.88, 

SD = 227.52 

M = 1143.55, SD 

= 234.68 

Nonwords M = 874.92, SD 

= 156.76) 

M = 890.90, SD 

= 162.09 

M = 1080.83, 

SD = 206.12 

M = 1186.92, SD 

= 255.28 
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Table 10. Mean correct response rates as a function of letter position, visual field, and lexicality 

in experiment 3. 

 LVF RVF 

 2 letter 5 letter 2 letter 5 letter 

Words M = 96.28, SD = 

5.25 

M = 96.44, SD = 

7.49 

M = 95.95, SD = 

3.76 

M = 94.73, SD = 

5.73 

Nonwords M = 95.52, SD = 

5.99 

M = 95.07, SD = 

6.55 

M = 94.63, SD = 

5.88 

M = 92.84, SD = 

6.66 

 

Table 11. F and p-value in pairwise comparisons for different target positions for each type of 

letter strings and each hemifield in experiment 3 (RT data). 

 LVF RVF 

 F p-value F p-value 

Words 19.65 .000
*
 33.33 .000

*
 

Nonwords 0.98  .333. 28.28 .000
*
 

* The mean difference is significant at alpha .05. 

 

Table 12. F and p-value in pairwise comparisons for different target positions for each type of 

letter strings and each hemifield in experiment 3 (accuracy data). 

 LVF RVF 

 F p-value F p-value 

Words 0.03 .858 2.24 .149 

Nonwrods 0.41 . 530 1.23 .280 
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