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Abstract
Numerous behavioral studies suggest that the processing of various types of visual
stimuli and features may be more efficient in either the left or the right visual field.
However, not all of these visual-field asymmetries (VFAs) have been observed
consistently. Moreover, it is typically unclear whether a failure to observe a particular
VFA can be ascribed to certain characteristics of the participants and stimuli, to a
lack of statistical power, or to the actual absence of an effect. To increase our
understanding of lateralization of visual information processing, we have taken a
rigorous methodological and statistical approach to examine the reproducibility of
various previously reported VFAs. We did so by performing (near-)exact replications
of nine representative previous studies, aiming for sufficient power to detect the
effects of interest, and taking into consideration all relevant dependent variables
(reaction times and error rates). Following Bayesian analyses -on our data alone as
well as on the combined evidence from the original and replication studies- we find
precise and reliable evidence that support VFAs in the processing of faces, emotional
expressions, global and local information, words, and in the distribution of spatial
attention. In contrast, we find less convincing evidence for VFASs in processing of high
and low spatial frequencies. Finally, we find no evidence for VFAs in categorical
perception of color and shape oddballs, and in the judgments of categorical and
coordinate spatial relations. We discuss our results in the light of their implications for

theories of visual lateralization.

Keywords: visual-field asymmetries; replication; lateralization; Bayes factor;

behavioral tasks



1. Introduction

Depending on the nature of visual information, presenting it in either the left
(LVF) or right (RVF) visual field can influence the efficiency with which observers
process it. Behavioral experiments in which visual stimuli are presented to the LVF
and RVF have, for example, shown that the majority of observers show LVF-
advantages for face information, while they show RVF-advantages for words. The
visual-field asymmetries (VFAS) resulting from such visual half-field or free-viewing
tasks have been suggested to reflect differential hemispheric specialization, or
lateralization, of the processing of different types of visual information (Beaumont,
1982; Bourne, 2006; Voyer, Voyer, & Tramonte, 2012).

Over the past decades, behavioral experiments have demonstrated VFAs for a
variety of stimulus types, and these phenomena have in turn formed the basis for a
number of theories regarding lateralization of visual information processing (for
overviews, see Hellige, 1995; Dien, 2008; Hellige, Laeng, & Michimata, 2010; Karim
& Kojima, 2010). Importantly, however, there is reason for concern about the
reliability of some of these findings. Specifically, a number of VFAs extracted in such
studies tend to have a relatively low test-retest and split-half reliability, when
compared to behavioral asymmetries in the auditory domain (Voyer, 1998), and the
results of different studies on the same types of visual information often lack
consistency in their outcomes. As a case in point, consider the results of studies
investigating the lateralization of global and local information processing of
hierarchical stimuli. While the general assumption is that there is an RVF-advantage
when processing of the local elements is task-relevant, and an LVF-advantage when
processing the global form is task-relevant (Van Kleeck, 1989), most studies using

visual half-field tasks with hierarchical stimuli have found evidence for only one of



these two VFAs (for a recent review, see Brederoo, Nieuwenstein, Lorist, &
Cornelissen, 2017). Concomitantly, the interpretation of such failures to demonstrate
a particular VFA is often difficult because it is unclear whether a null result can be
taken as evidence for the null hypothesis or as evidence that the study did not have
sufficient power to detect the effect of interest.

The inconsistent findings have promoted the approach of using convergent
evidence from, for example, patient and neuroimaging studies, to arrive at insights
about the extent to which the left (LH) and right (RH) hemispheres might be
specialized for processing certain types of visual input. While this approach provides
insight into whether lateralization occurs at the implementational, neural level, the
investigation of which aspects of lateralization also produce reliable behavioral
effects is an important enterprise in its own right, for several reasons. To start, the
availability of reliable behavioral manifestations of lateralization can be of practical
importance in distinguishing between clinical populations (Luh & Gooding, 1999) and
in studying the effects of aging (Lux, Marshall, Thimm, & Fink, 2008). Secondly,
behavioral studies are usually cheaper and easier to implement than patient or
neuroimaging studies, and they therefore provide a highly useful means to examine
how various factors influence the lateralized processing of visual information. Lastly,
insight into the behavioral manifestations of lateralization is also of importance for
practical reasons when it comes to designing applications aimed at maximizing the
efficiency of visual information processing. For these reasons, verifying the reliability
of behavioral indices of lateralization of visual information processing is valuable for
the field.

In the current study, we investigated the reliability of several behavioral

manifestations of lateralized visual information processing by determining whether



we could replicate the earlier-found VFAs. The importance of replication research
has received growing emphasis by the scientific community in recent years.
Researchers (e.g., Pashler & Wagenmakers, 2012; Schmidt, 2009) and journal
editors (Wagenmakers & Forstmann, 2014) have been encouraged to improve
reproducibility of scientific findings by engaging in replication research, of which the
large-scale replication project of the Open Science Framework is an example (Open
Science Collaboration, 2015). This project raised awareness of the importance of
studying reproducibility of effects in psychological science, and stressed that
“Replication can increase certainty when findings are reproduced and promote
innovation when they are not.” (Open Science Collaboration, 2015, p. 7). With this
goal in mind, we attempted to replicate nine studies that yielded evidence for
lateralization of visual information processing in behavioral outcomes, with each
targeting a different type of visual information.

In selecting our targets for the replication studies, we aimed to arrive at a
representative set of tasks that have previously been found to yield VFAs for various
types of visual features and stimuli. Specifically, our selection included several
phenomena that have dominated the field of visual lateralization research over the
past 50 years (i.e., VFAs for neutral and emotional faces, global and local visual
information, high and low spatial frequencies, categorical and coordinate spatial
relations, the distribution of spatial attention, and visually presented words), as well
as some that have resulted from more recent studies (i.e., VFAs showing categorical
effects in the perception of colors and shapes). Importantly, this selection of
phenomena also entailed the inclusion of studies employing different presentation
conditions (e.qg., free-viewing and visual-half field paradigms) and exposure durations

(from 30 ms to 10 s) for a wide diversity of tasks and outcome measures (i.e., target



detection, target identification, S1-S2 matching, choice bias), thereby vyielding a
broad range of phenomena that can be said to be representative of previous studies
examining the behavioral manifestations of lateralized visual information processing.
Accordingly, our study not only allowed for an examination of the reproducibility of a
large number of VFAs found in previous studies, but it also enabled us to examine
how reproducibility varied across VFAs for different types of visual information and
tasks.

In designing our replication studies, we strove to replicate the original
experiments as exactly as possible —either by copying the original methods or by
using the original experiment programs when possible— and we conducted a priori
power analyses to ensure that our sample sizes would be large enough to have
sufficient power to observe the effects of interest. In addition, we examined both error
rates (ERs) and reaction times (RTs), so as to allow us to exclude the occurrence of
a speed-accuracy trade-off as an alternative account of any observed lateralization
effect. Furthermore, in addition to a more conventional analysis using null hypothesis
significance testing (NHST), we used Bayesian analyses, as these enable an
assessment of the extent to which a non-significant outcome provides evidence in
favor of the null hypothesis (Dienes & Mclatchie, 2017). Lastly, we also calculated a
meta-analytical Bayes factor (Rouder & Morey, 2011), which is a novel Bayesian
analysis method that combines results of several studies in order to arrive at a more

robust estimate of the presence or absence of a particular effect.

2. General Methods

2.1 Tasks



Each of the to-be replicated tasks had been described in more than one earlier
published study. For our replication studies, we selected those studies that were
pioneering, or were an updated version of pioneering tasks, based on more recent
findings. The tasks used were the Face Similarity Task (FST) (C. Gilbert & Bakan,
1973), Face Emotionality Task (FET) (Levy, Heller, Banich, & Burton, 1983),
Hierarchical Letter Task (HLT) (Yovel et al., 2001), Picture Matching Task (PMT)
(Peyrin, Mermillod, et al., 2006), Color Oddball Task (COT) (A.L. Gilbert et al., 2006),
Shape Oddball Task (SOT) (A.L. Gilbert et al., 2008), Cross-dot Matching Task
(CMT) (Van der Ham & Borst, 2011, 2016), Landmark Task (LT) (Linnell et al., 2014),
and Lexical Decision Task (LDT) (Willemin et al., 2016).

2.2 Participants

Participants were recruited from the student population of the University of
Groningen. All participants were right-handed as assessed by self-report (LT),
measured using the Edinburgh Handedness Inventory (Oldfield, 1971) (LDT), or
measured using the Flanders handedness questionnaire (Nicholls, Thomas,
Loetscher, & Grimshaw, 2013) (all other tasks). All participants had normal or
corrected-to-normal vision, which was measured using a Snellen test (PMT), or
based on participants’ self-report (all other tasks). Participants received course
credits or a monetary compensation in exchange for their participation. The ethical
committee of the Psychology Department of the University of Groningen approved all
experiments, and participants always gave written informed consent before the start
of an experiment.

To determine the minimum number of participants needed to find the smallest
effect of interest in the original study with 80% power (at a = .05, one-sided), we

conducted power analyses using the G*Power 3.1.9.2 software (Faul, Erdfelder,



Lang, & Buchner, 2007), based on the original study’s effect sizes (Cohen’s d;). The
achieved power for each of the effects of interest is reported below, in the
subsections where we report the results of each study.
2.3 Procedure

The experiments took place in a dimly lit and sound-attenuating cabin. Stimuli
were presented on a 22” (1280 x 1024, 100 Hz, liyama Vision Master Pro 513) or 19”
(1024 x 768, 100 Hz, liyama Vision Master Pro 454) CRT-monitor. In each
experiment the distance to the monitor was fixed using a chin rest. The experiments
were implemented in DMDX (Forster & Forster, 2003) (LDT), or E-Prime 2.0
(Psychology Software Tools, Pittsburgh, PA) (all other tasks), running on a Windows
7 operating system. Responses were collected using a QWERTY-keyboard (LT;
LDT) or an in-house manufactured button box (all other tasks).
2.4 Statistical analyses

In all analyses, we subtracted performance on RVF-trials from performance on
LVF-trials, and therefore any negative test statistic indicates an LVF-advantage
whereas any positive test statistic indicates an RVF-advantage. For studies that
examined VFAs across different task conditions (HLT; PMT; COT; SOT; CMT), we
conducted planned comparisons for the visual-field contrasts even when the
repeated measures ANOVA did not show a significant interaction with task condition.
The ANOVA tables describing the results of the full models can be found in Appendix
A.

In line with the original studies’ analyses, we report the outcomes of one-sided
dependent samples t-tests contrasting LVF- and RVF-performance, or one-sample t-
tests comparing a VFA to a mean of zero. However, to decide on the success or

failure of a replication, rather than using frequentists t-tests and focusing on the p-



value that can be derived from such a test, we used Bayesian t-tests (using the
BayesFactor package for R). The reason for this is that the frequentist statistical
method allows the researcher to reject the null hypothesis, but not to accept it, and
as such does not allow the conclusion that a replication attempt has failed. The
Bayes factors that we derived from the Bayesian t-tests reflect the amount of
evidence in favor or against the alternative and null hypotheses, thus allowing us to
decide on the success or failure of our replication. To interpret the resulting Bayes
factors (BF10) we adopted the classifications proposed by Jeffreys (1961) (i.e., a BFio
> 3.16, > 10, > 31.6, or > 100 respectively entails substantial, strong, very strong, or
decisive evidence for the alternative hypothesis, while a BF;p < .316, < .1, <.0316, or
< .01 respectively entails substantial, strong, very strong, or decisive evidence for the
null hypothesis)*. In our analyses, we concluded a VFA was successfully replicated
when the BF1o exceeded 3.16, and we concluded that the replication had failed when
the BFio was below .316. When the BF;o was within the .316 — 3.16 interval, we
concluded that there was not sufficient evidence to decide on the success or failure
of the replication.

2.4.1 Effects of interest. The nine studies that we attempted to replicate
produced a variety of outcome measures. Specifically, three of the experiments
produced a measure of bias towards one of the visual fields (FST; FET; LT), while
the effects for the other six experiments were expressed in terms of differences in
ERs and/or RTs. Four experiments compared conditions for which opposing VFAs
were expected (HLT; COT; SOT; LDT), and two experiments additionally measured

the effect of a modulating task factor (PMT) or participant factor (CMT) upon the

1 Alternative classifications have been proposed (e.g., Dienes, 2014), but these
would lead to a more liberal approach in deciding a replication has failed, rendering
them less suitable for the current studies.



found VFAs. The effects of interest in the replication studies were restricted to those
outcomes that yielded a significant effect (i.e., had a p-value smaller than .05) in the
original study.

2.4.2 Additional analyses. Aside from examining the replicability of the
effects that were found to be significant in the original studies, we also conducted a
number of additional analyses. To start, we examined each VFA in terms of
differences in both ERs and RTs. The motivation for examining both ERs and RTs
was to determine whether a speed-accuracy trade-off occurred, and whether such a
trade-off could explain any discrepancy between the effects found in the original
study and in our replication attempt (Hellige & Sergent, 1986). In addition, a test of
both RTs and ERs appeared to be warranted by logic, as any beneficial effect of
hemispheric specialization could in principle surface in both accuracy and processing
time.

A second point of departure from the original analyses derived from the fact
that each of the studies that tested the LVF-RVF contrasts under different task
conditions (HLT; PMT; COT; SOT,; CMT) failed to find some of the predicted VFAs.
Since four of these studies used relatively small sample sizes (N < 17), these studies
may have been underpowered to detect all predicted VFAs. Therefore, we
additionally examined the VFAs that were predicted based on theory, but not found in
the original studies.

2.4.3 Combined evidence. Finally, for each of the predicted VFAs (significant
and non-significant) in the original studies, we calculated a combined Bayes factor
based on the statistics of the effect in the original and replication studies. This meta-

analytic Bayes factor (Rouder & Morey, 2011) allows the assessment of the total



amount of evidence for the predicted VFAs under study (i.e., the effects of interest as

well as those effects addressed with the additional analyses).

3. General Results

3.1 Data Exclusion

Data of participants whose accuracy did not exceed 50% were excluded from
the analyses. This resulted in exclusion of 18 of the 322 (i.e., 5.6%) tested
participants (HLT: 7; PMT: 2; COT: 1; SOT: 6; CMT: 2). The ensuing descriptions of
the participants in each of the replication studies pertain to the remaining participants
who were included in the analyses.

For all analyses of RTs, we first subjected the data to the outlier removal
procedure described by Van Selst and Jolicoeur (1994). The percentage of trials

removed as a result of this procedure ranged between 1.6% and 2.7% over studies.

4. Replication Studies

In the following sections, we describe the experimental set-up, methods and
results for each of the nine replication studies and we provide a short discussion of
the results. In cases in which we did not successfully replicate an effect, we discuss
whether differences between the original and replication studies might have caused
this. The presentation of the nine replication studies is ordered by the publication
dates of the original studies.
4.1 Face Similarity Task (FST)

Faces have been suggested to be the most widely studied type of visual
stimulus (Yovel, Wilmer, & Duchaine, 2014). The first to show an LVF-bias for face

processing in a group of healthy adults were C. Gilbert and Bakan (1973). They
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asked participants to judge the similarity of construed symmetric face images to the
original face images. Specifically, participants had to choose between a symmetric
face image that was made by mirroring the left half of the original face, and a
symmetric face that was made by mirroring the right half of the original face. The
right-handed participants more often found the left-side symmetric composite to
resemble the original face than the right-side symmetric composite. This finding was
interpreted to indicate a bias towards the LVF in perceiving faces, caused by RH-
dominance in face processing (C. Gilbert & Bakan, 1973). This free-viewing face
paradigm and adaptations of it have been widely used since (for an overview, see
Voyer, Voyer, & Tramonte, 2012). The current study is a replication attempt of the
pioneering Face Similarity Task (FST) used by C. Gilbert and Bakan (1973;
Experiment 4 (subsample of right-handed participants)).

4.1.1 Methods.

4.1.1.1 Participants. Thirty-four participants (17 women) performed the FST.
Their mean age was 20 years (range = 18-27).

4.1.1.2 Stimuli. Fifty-three neutral face images (28 female and 25 male)
photographed in straight view were selected from the Karolinska Directed Emotional
Faces (KDEF) face database (Lundqvist, Flykt & Ohman, 1998). For each of the
original images, we also created two mirror images in which the face was mirrored
along the vertical axis. By using both the original and the mirrored images, we aimed
to prevent any asymmetries in the features of the model’'s face to influence choice
behavior. The symmetric faces were created in Adobe Photoshop, by mirroring half
of a face over the midline, and softening the break line; one consisting of twice the
left half of the face (left-side composite), and one consisting of twice the right half

(right-side composite).
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Figure 1. Timeline of a trial in the Face Similarity Task (FST).

4.1.1.3 Procedure. On each trial, a blank screen lasting 250 ms was followed
by the stimulus consisting of three versions of the same face: the original (or
mirrored) face at the top, and the symmetric versions at the lower left and lower right
(Figure 1). The participants were instructed to indicate which of the two lower faces
resembled the upper face most by pressing a corresponding button. In making this
judgment, participants were asked to go with their first instinct, and to base their
decision solely on the face of the person. The next trial started after the participant
had made a response, or after a response period of 10 s (in 0.3% of trials no
response was recorded). The pictures were shown in randomized order, and
presented on a grey background. Symmetric left- and right-side composites were
randomly presented at the left or right side of the screen.

Participants started the experimental session with a block of the FST, followed
by the FET (see section 4.2), and another task including face stimuli that will not be
described here. They concluded the test session, which lasted about 45 min in total,
with a second block of the FST. Half of the participants saw the original symmetric
faces in the first block and their mirror images in the second block, and vice versa for

the other half of the participants.
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4.1.1.4 Effects of interest. Following the original study, we computed a
measure of LVF-bias by comparing the proportion of choice for the left-side
composite in the block using the original face images, to the proportion of choice for
the right-side composite in the block using its mirror images. Because one block used
the original face images and the other used its mirror images, a choice for the left-
side composite in one block and for the right-side composite in the other block is
twice a choice for the same symmetric composite face. By making the comparison as
we did (following C. Gilbert and Bakan, 1973), we controlled for participants’
choosing a composite based on some specific feature that is present in the model’s
one face half. For example, a model may have a specific feature (e.g., a birthmark)
on one of the sides of the face that is particularly striking to a participant and leads
them to choose the composite containing it. In the block using mirrored images, this
participant will then likely choose the same composite, containing the specific
feature. However, if participants’ choices are most strongly influenced by an LVF-bias
in face perception, they will choose the composite face that reflects what they see on
the left side of the face more frequently. Hence, the hypothesis was that the
proportion choice for the left-side composite would be higher in the block using
original faces images than the proportion choice for the right-side composite in the
block using mirrored face images, indicating an LVF-bias.

Based on the original study’s finding of an effect size of d, = -.943 we had
more than 99% power to detect this VFA with our sample size. No additional
analyses were planned.

4.1.1.5 Differences with original study. Our version of the FST is a partial
replication of C. Gilbert and Bakan's Experiment 4 from their 1973 paper, with

differences pertaining to the stimulus set and testing procedure. The original study
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used 14 face pairs, of which printouts were presented to the participants. No details
were provided about how participants were required to make their response, and how
much time was allowed for this. Our replication attempt used 53 face pairs, which
were digitally presented, with a maximum viewing time of 10 s. We used different
face images than those used in the original study, but their symmetric versions were
constructed in the same manner. In the original study, participants received the block
using mirrored (original) images immediately following the block using the original
(mirrored) images, while in the replication attempt these blocks were separated by
two other tasks involving face stimuli.

The original study compared performance in left- and right-handed
participants, finding a diminished LVF-bias for left-handed participants (C. Gilbert &
Bakan, 1973). We tested only right-handed participants, and we thus relate our
results to the right-handed group of the original study.

4.1.2 Results. We replicated the LVF-bias in the FST (BF10 = 5,858, t[33] = -
5.34, p < .001, d; = -.916). Participants more often judged the left-side composite
face to resemble the original most in the block using the original face images (59%),
than that they judged the right-side composite face to resemble the (mirrored) original
most in the block using mirrored face images (47%) (mean choice for left-side
composite over blocks = 56%, SD = 6.7%). Combining the original and replication
studies’ results, we found decisive evidence for the presence of an LVF-bias (BFi =
189,722,311).

4.1.3 Discussion. Our replication attempt for the finding of a behavioral
manifestation of lateralized face processing in the FST was successful. Specifically,
we replicated the original study’s LVF-bias, as participants more often chose the

composite face that was constructed from the left half of the original face. When
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combining the original study’s results and the results of our replication study in a
meta-analytic Bayes factor, the evidence is decisive in demonstrating an LVF-bias in
the FST. Furthermore, the effects in the original and replication studies were
comparable in terms of direction and size, while the studies used different face
images. This suggests that the likelihood of observing an LVF-bias for face
processing in the FST is robust to different face images.

4.2 Face Emotionality Task (FET)

In 1983, Levy et al. devised a free-viewing face task using chimeric faces with
half the face showing an emotional expression and the other half showing a neutral
expression. This Face Emotionality Task (FET) is a widely used task to study
lateralization of processing emotional expressions (e.g., Coronel & Federmeier,
2014; Innes, Burt, Birch, & Hausmann, 2016). We attempted to replicate Levy et al.’s
1983 study.

4.2.1 Methods.

4.2.1.1 Participants. The same thirty-four participants that completed the FST
also performed the FET.

4.2.1.2 Stimuli. Images from the KDEF (Lundgvist et al., 1998) were adapted
to form a set of 39 emotional chimeric faces; one half of the face showed an
emotional expression, while the other half showed a neutral expression (T. Beking,
personal communication, 2014). For each image, we created a version with the
emotion showing in the left half of the face and a version with the emotion showing in
the right half of the face (its mirror image). Twenty images showed the emotion
happiness (10 female and 10 male models), and 19 images showed the emotion

anger (10 female and 9 male models) in one half of the face.
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Figure 2. Timeline of a trial in the Face Emotionality Task (FET).

4.2.1.3 Procedure. On each trial, following a blank screen of 250 ms, the
participant was shown an emotional chimeric face and its mirror image, one above
the other (Figure 2). The participant was asked to indicate which of the two faces
showed the strongest emotional expression, by pressing one of two buttons. The
next trial started after the participants’ response, or after 10 s (in 0.6% of the trials no
response was recorded). The 39 stimuli were presented in randomized order, on a
white background. The location of the face with the emotional expression on the left
side was randomized over trials.

4.2.1.4 Effects of interest. The effect of interest was whether participants
more often judged the face with the emotion on the left side as more emotional than
the face with the emotion on the right side (i.e., LVF-bias). Based on the original
study’s effect size of d, = -.689 for right-handed partici