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Abstract
Background: When looking at faces, we tend to attend 
more to the left visual field (corresponding to the right side 
of  the person's face). This phenomenon is called the left 
visual field bias (LVF) and is presumed to reflect the brain's 
right-sided dominance for face processing. Whether altera-
tions in hemispheric dominance are present in dyslexia, and 
are linked with individual differences in word reading devel-
opment more generally, is still unclear, and no prior research 
has utilized gaze-based LVF bias to explore these topics.
Aims: The aim of  the study was to examine whether the 
LVF bias differs in dyslexia and to examine the association 
with word-reading skills assessed dimensionally.
Sample: Forty-six 9–13 year-old children with dyslexia and 
community control children, matched on age and listening 
comprehension.
Methods: Participants were presented with a recorded face 
on a screen while their gaze patterns were collected with an 
eye tracker. Fixations to the left versus the right side of  the 
face stimuli were compared.
Results: Results showed a clear LVF bias in commu-
nity controls, while no such bias was seen in the dyslexic 
group. Moreover, the strength of  the LVF bias was corre-
lated with better word reading in the controls.
Conclusions: Our results suggest a link between weakened 
hemispheric dominance for face processing in dyslexia and 
in poor word reading, at least to the extent that the LVF 
bias actually mirrors underlying physiology. We discuss the 
implications of  these novel findings, highlighting the need 
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INTRODUCTION

The link between atypical brain lateralization and dyslexia has been hypothesized for a long time 
(Orton, 1925). According to some research, this atypicality in lateralization seems not only to be 
constrained to word processing but also extends to other functions (e.g., handedness, cf., Illingworth & 
Bishop, 2009) and to the processing of  other specific categories of  visual stimuli, such as faces.

In normative development, written words and faces are two classes of  visual stimuli mainly processed 
in one of  the two cerebral hemispheres—written words in a system including the visual word form area 
(VWFA) in the ventral occipitotemporal cortex of  the left hemisphere (Petersen et al., 1988) and faces 
in the homologous region of  the right hemisphere, often referred to as the fusiform face area (FFA; 
Kanwisher et al., 1997). In recent years, a small body of  research found that individuals with dyslexia 
exhibit a lack of  typical lateralization both in brain activation and in performance to words and to faces. 
Collins et al. (2017) found no difference in the N170 event-related potential across the two hemispheres 
when dyslexic adults discriminated faces, indicating reduced face lateralization in the group. Using fMRI, 
Monzalvo et al. (2012) found reduced blood oxygenation level dependent (BOLD) response to both 
words in VWFA and to faces in the FFA in children with dyslexia. In a divided visual field paradigm, 
Gabay et al. (2017; Experiment 3) demonstrated a lack of  lateralization pattern in adults with dyslexia 
when face stimuli were presented on either the left or the right hemifield. However, an early (Pirozzolo 
& Rayner, 1979), as well as a recent study, using similar paradigms, failed to show such findings (Gerlach 
et al., 2022). Thus, some but not all studies examining this issue have concluded that lateralization for face 
processing differs in dyslexia.

In the literature on normative development of  reading and face perception, it has been proposed 
that the acquisition and consequent lateralization of  reading skills causally affects the brain's hemi-
spheric processing of  faces. According to this account, known as many-to-many account (Behrmann 
& Plaut, 2020), or the reading-induced lateralized neural competition hypothesis (Dehaene et al., 2010), 
the specialized neural profiles for faces and words emerge out of  competition for cerebral resources and 
connection-induced constraints. More specifically, the rightward shift in face processing is a hypothe-
sized consequence of  ontogenetical acquisition of  reading skills which develop in spatial proximity to 
oral language regions in the (typically) left hemisphere (Dehaene & Cohen, 2011; Dehaene et al., 2010). 
Indeed, some research demonstrates that with the emergence of  word reading, there is a concomitant 
decrease in the selectivity of  faces in the left hemisphere (Cantlon et al., 2011), which might suggest 
that word reading triggers the emergence of  hemispheric specialization of  faces to the right (c.f., also 
Dehaene-Lambertz et al., 2018; Dundas et al., 2013).

Importantly, however, a recent critical review (Rossion & Lochy, 2021) has highlighted several issues 
in the research on co-joint development of  written word and face lateralization. First, the authors point 
out that several claims made to support this hypothesis relied on work that fell short methodologically. 
For instance, behavioural studies on hemispheric lateralization have largely relied on divided visual field 
stimulation, which have revealed mixed findings (Gerlach et al., 2022; Pirozzolo & Rayner, 1979) and may 
be difficult to interpret in cases where there are potential differences related to task administration, as 
well as group differences in performance that extend beyond cerebral lateralization. While direct data on 
neural functioning might be more informative, according to Rossion and Lochy, certain design features 
are critical for valid conclusions and are sometimes overlooked. Specifically, because fMRI studies depend 
on contrast activation, if  the contrast is set between activation when observing faces versus when observ-
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for future research to determine the specificity and develop-
mental sources of  LVF bias alterations.
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ing letter strings, stronger activation to letters during reading acquisition will (by logical consequence) will 
result in weaker contrast, but not necessarily as the result of  weaker activation to faces specifically. Over-
looking this has contributed to confounded conclusions in prior research regarding hemispheric coupling 
between face and word lateralization during reading acquisition.

In the current study, we utilize a simple and straightforward technique to examine the association 
between right hemispheric lateralization for faces and word reading skills in dyslexia, that circum-
vents some of  the challenges raised by Rossion and Lochy, namely eye tracking of  spontaneous face 
perception. Eye tracking technology has been used to show that when we look at other people's face, 
we tend, on average, to explore the left side of  the face (from the viewer's perspective) more than the 
right side, even during instruction-free passive observation (Butler et al., 2005; Cangöz et al., 2013). This 
bias—the so-called left visual field (LVF) bias—has been linked to the right hemispheric dominance for 
face processing, as visual information in the left hemifield is initially projected to the right hemisphere 
(Coolican et al., 2008; Gilbert & Bakan, 1973). Although more research would be needed to explore to 
what extent this bias to the left is increased in face perception as opposed to other stimuli (Nicholls & 
Roberts, 2002), there is correlational evidence that the strength of  the LVF bias during face perception 
covaries with lateralization indices of  the FFA (Yovel et al., 2008) and experimental results showing that 
the LVF bias manifests more clearly when looking at upright compared with either inverted face stimuli 
or to inanimate objects (Guo et al., 2009). These findings point towards the usefulness of  gaze-based LVF 
bias as an accessible and non-invasive behavioural marker of  brain lateralization of  the face processing 
system or even of  the general maturity of  the brain (Davis et al., 2022; Masulli et al., 2022).

Using this approach, here we show for the first time that the LVF bias during passive observation of  
a face is absent in a sample of  school children with dyslexia. Furthermore, in the control group, consist-
ing of  a population sample of  non-dyslexic children, we demonstrate that the strength of  the LVF bias 
for faces aligns with individual differences in word-reading skills, indicating that this is a dimensional 
phenomenon, rather than something only associated with a diagnosis of  dyslexia.

METHODS

Ethics and context
All procedures were conducted in accordance with the Declaration of  Helsinki (1964) and were approved 
by the local ethical committee in Gothenburg, Sweden (1090-17). Written consent from parents and 
verbal assent of  child participants was obtained prior to testing. The data analysed here were gathered in 
the context of  a larger project, parts of  which focused on visual speech processing and face processing 
performance (Galazka et al., 2021). In particular, the results were gained by a secondary eye gaze analysis 
of  data reported in Åsberg Johnels et al. (2022).

Participants

Forty-six children between the ages of  9 and 13 years were recruited. Three children were excluded from 
the final sample (due to inadequate command of  the spoken language, participation refusal and technical 
difficulties with the equipment) resulting in 43 children. Of  these, 17 (9 boys) have previously received 
a ‘specific reading disorder/dyslexia’ diagnosis (DYS). Children in the DYS group had been previously 
assessed by expert clinicians who identified word reading and phonological impairments but not general 
language disorder according to the ICD-10 (WHO, 1992). One additional child in the dyslexia group 
displayed impaired word reading and phonological decoding skills, but age-typical listening comprehen-
sion although the child had not yet received a formal diagnosis of  dyslexia. At the time of  the study, this 
child had, however, already been receiving extra support for word reading problems in school. For all, 
visual and hearing impairments that would otherwise interfere with reading were ruled out at the time of  
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the diagnosis and/or confirmed with parental questionnaires at intake to the study. No child invited to the 
study was excluded because of  visual or hearing problems.

The remaining 25 children (8 boys) constituted the community comparison group of  elementary 
school students who were matched with children in the dyslexia group on listening comprehension, age 
and gender.

Subject characteristics are presented in Table 1. Besides demographic information, information about 
child's handedness, word reading, phonological processing, listening comprehension and neurodevelop-
mental/psychopathological symptoms were collected for descriptive purposes. To assess word reading 
efficiency the Swedish adaptation of  the Test of  Word Reading Efficiency (TOWRE), renamed LäSt was 
used (Elwér et al., 2016; Torgesen et al., 1999). This test examines the ability to quickly and accurately 
read familiar (Word subscale) and novel words (Nonword subscale). Phonological processing was assessed 
using this subscale of  the NEPSY Assessment battery (Korkman et al., 1997). The text comprehension 
subtest from the Swedish translation of  the Clinical Evaluation of  the Language Fundamentals—IV, 
CELF-4 (Semel et al., 2013) was used to assess listening comprehension. This instrument is often used for 
identifying language disorders in children (test–retest reliability is between .70 and .90). Finally, parents of  
all participants completed the Strengths and Difficulties Questionnaire (SDQ; Muris et al., 2003) which is 
used to screen for neurodevelopmental/psychopathological and mental health difficulties. Such difficul-
ties oftentimes co-occur in dyslexia (Snowling et al., 2020). In order to keep the representativeness of  the 
study sample, we did not exclude children with high scores on the SDQ; rather, we conducted a sensitivity 
analysis to explore to what extent these co-occurring problems were associated with the outcome measure 
of  the study (cf., also Brimo et al., 2021); see Supporting Information for details.

As expected, the two groups differed significantly on the measures of  word-reading efficiency (LäSt; 
words and nonwords subscales) and phonological processing, with the DYS group scoring character-
istically low, while the CON group scored very close to normative levels. There was also a significant 
difference in the SDQ total scores, with parents of  DYS children reporting higher problems compared 
with the parents of  children in the CON group. By contrast, the two groups were well matched on age 
and, importantly, on listening comprehension, with both groups scoring within the age-adequate range 
according to population norms.

Gaze patterns during face observation

Eye gaze patterns were collected using a mobile Tobii X2-30 eyetracker (Tobii Technology Inc.), which 
records near infrared reflections of  both eyes at 30 Hz, as the subjects watched a 17-inch (33.7 × 27 cm) 
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DYS (N = 18)
CON 
(N = 25) Mann–Whitney 

U test or Pearson 
chi-square p-ValueMean (SD) Mean (SD)

Age (years) 10.61 (1.15) 10.96 (.46) 181.5 .212

Gender 9 boys; 9 girls 8 boys; 17 girls 1.418 (1, 43) .234

Handedness 17 right; 1 left 25 right; 0 left 1.422 (1, 43) .233

Reading Efficiency (LäSt) Word subscale 1.89 (1.32) 4.760 (1.96) 45.5 <.001***

 Nonword subscale 2.11 (1.08) 5.04 (2.11) 56 <.001***

Phonological Processing (NEPSY) −1.04 (1.29) −.01 (.44) 93.5 .001**

Listening Comprehension (CELF-4) 9.94 (2.56) 9.16 (1.89) 254 .475

SDQ Total (N = 39) 19.72 (6.04) 14.43 (5.09) 291 .004**

***Denotes significant difference p < .001.
**Denotes significant difference p < .01.

T A B L E  1  Subjects characteristics
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laptop monitor. Following 9-point calibration procedure, all participants were presented an 11-second 
video depicting a silent female actor with a direct gaze and natural expression (Figure 1). We used video 
recording of  the face, rather than a still photograph, in order to allow for more natural movements, such 
as eye blinks, to occur even though the actor was otherwise silent and non-moving. Participants were 
simply instructed to watch the presented video. Stimulus presentation and gaze recording were collected 
using iMotions software (iMotions A/S).

Data analysis and statistical analysis

Data files from iMotions were processed to determine fixation durations occurring within specified areas 
of  interest for each participant using the Timestudio software (Version 3.19; Nyström et al., 2016), a 
MATLAB-based open access analysis tool which allows for analysis of  dynamic stimuli such as one used 
here. T-tests and Pearson correlation analyses were conducted in order to answer the research questions. 
Significance level was set at <.05.

RESULTS

Fixation duration to the left and the right visual field of  the face stimuli was computed. Paired sample t-test 
indicated a significant left visual field bias in the community sample with a large effect size t(24) = 4.96, 
p < .001, d = .81, but lack thereof  in the group diagnosed with dyslexia t(17) = −.10, p = .924, d = −.02 
(Figure 2).

In order to explore whether the association between reduced LVF bias and poor reading is 
dyslexia-specific or rather a dimensional phenomenon, we conducted correlation analyses using word 
reading scores for each group. Results showed that the proportion of  looking to the LVF was positively 
correlated with word reading ability in the community controls (r = .407, p = .044), but not in the group 
of  those with dyslexia, (r = .085, p = .736; Figure 3). Note that the restriction of  range in word reading 
scores in the dyslexic group makes findings from correlation analysis in this group difficult to interpret.

DISCUSSION

The present findings demonstrate that 11 seconds of  data collection are sufficient to demonstrate differ-
ences in the way children with and without dyslexia perceive human faces. Specifically, gaze analysis indi-
cates that while the community controls demonstrate the typical LVF bias for faces, children diagnosed 
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F I G U R E  2  Boxplots illustrating the proportion of  fixation duration to the left and right areas of  interest in the dyslexia 
(DYS) and community control (CON) group

F I G U R E  3  Scatterplot depicting a correlation between the proportion of  looking at the left side of  the screen and the 
LÄST word reading score
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with dyslexia fail to do so. Furthermore, we show that the magnitude of  the LVF bias in the controls 
correlates with word reading ability.

To the extent that the LVF bias reflects underlying brain lateralization, our results suggest that word 
reading difficulties are coupled with atypical brain organization for faces. While these data converge with 
some prior findings (Collins et al., 2017; Gabay et al., 2017; Monzalvo et al., 2012), much work remains to 
be done to further our understanding of  the bases for the associations observed here and, indeed more 
generally, of  hemispheric specialization in typical and atypical development.

Regarding the developmental origins of  this pattern of  results, at face value, our study could seem to 
be in line with predictions from the many-to-many account and the lateralized neural competition/recy-
cling account, in which word reading expertise triggers the emergence of  hemispheric specialization of  
faces to the right hemisphere (Behrmann & Plaut, 2015; Dehaene, 2009; Dehaene et al., 2010). However, 
we are in fact largely agnostic at this stage regarding the developmental dynamics underlying the profile 
of  gaze behaviour identified in our paradigm. In particular, there are at least three important points 
that need addressing. First, while it is known that cortical face specialization continues into adolescence 
(Kadosh & Johnson, 2007), the LVF bias is present in typically developing children as young as 6 months 
(Donati et al., 2020; Dundas, Gastgeb, & Strauss, 2012; Wheeler, 2010) and is even found in some animal 
species (Guo et al., 2009), making it unlikely to be solely a consequence of  reading development. Second, 
the LVF bias using eye tracking is weaker or non-existing in several other conditions besides dyslexia, 
including in autism (Dundas, Best, et al., 2012; Dundas, Gastgeb, & Strauss, 2012; Masulli et al., 2022), 
in premature infants (Davis et al., 2022), in individuals with depression (Masulli et al., 2022) and in social 
anxiety (Löwenberg et al., 2020). Indeed, the lack of  LVF bias may be a more general marker of  atypical 
development, rather than a specific marker of  dyslexia and low reading ability. On the contrary, our sensi-
tivity analysis did not indicate a significant association between reduced LVF bias and screening scores of  
comorbid psychopathology/neurodevelopmental problems in the current sample (see Supporting Infor-
mation)—so clearly more research is needed in order to evaluate the possibility of  a distinct association 
between reduced LVF bias and word reading (problems). Relatedly, recent studies indicate that stress may 
also modulate left and/or right hemisphere activation during face perception (Stanković & Nešić, 2020), 
which might be one possible underlying liability common to all the conditions that have been linked with 
atypical LVF bias. Third, while a fairly substantial literature links the LVF bias with underlying brain 
organization, more research is needed to be certain that no other factor(s) plays a (complementary) role in 
shaping the left gaze pattern during face processing. Of  special importance here would be to examine the 
possible role of  reading-induced scanning habits to the left (Megreya & Havard, 2011) or more general 
leftward perceptual biases that are not specific to faces (Nicholls & Roberts, 2002). Although future 
research is needed to ultimately determine whether the current group differences and correlations are 
specific to faces, prior research has indeed shown that the LVF bias is typically more pronounced in face 
perception than in inverted face or inanimate object perception (Guo et al., 2009).

In conclusion, here we showed that a lack of  LVF bias during face perception can be demonstrated 
with a short eyetracking recording, and that it can differentiate children with dyslexia from community 
controls with a large effect size. In addition, we show that the amount of  LVF bias is correlated with 
word reading abilities in the controls. Regardless of  the exact underlying reasons for the pattern of  find-
ings reported here, we think that a complex developmental trajectory is at the basis of  our observations, 
and that further research should address questions such as specificity, causality, and stability over time. 
A longitudinal study using multiple indices of  face lateralization, including spontaneous gaze patterns to 
faces, starting prior to literacy instruction and followed up after the child has—or has not—successfully 
acquired reading skills would, for example be an important addition to the current knowledge.
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