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Abstract
Becoming literate has been argued to have a range of social, economic and psychological effects. Less examined is the extent 
to which repercussions of becoming literate may vary as a function of writing system variation. A salient way in which writ-
ing systems differ is in their directionality. Recent studies have claimed that directional biases in a variety of spatial domains 
are attributable to reading and writing direction. This claim is the focus of the present paper, which considers the scope and 
possible mechanisms underlying script directionality effects in spatial cognition, with particular attention to domains with 
real-world relevance. Three questions are addressed: (1) What are possible mediating and moderator variables relevant to 
script directionality effects in spatial cognition? (2) Does script directionality exert a fixed or a malleable effect? and (3) How 
can script directionality effects be appropriately tested? After discussing these questions in the context of specific studies, 
we highlight general methodological issues in this literature and provide recommendations for the design of future research.
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Cultural variability contributes to how individuals perceive, 
attend to, encode, and represent information. An important 
source of cultural variability is language (Blasi et al., 2022; 
Boroditsky, 2009; Chokron et al., 2009). Psycholinguis-
tic research has shown that structural differences between 
languages affect how users of those languages encode and 
retrieve information (e.g., Garcia et al., 2020; Majid et al., 
2004; McBride et al., 2022; Tang et al., 2006; Tosun & Vaid, 
2018). Similarly, learning how to read and write in a lan-
guage appears to have distinct cognitive repercussions (for 
a review, see Huettig & Mishra, 2014). These repercussions 
in part depend on characteristics of the writing system(s) 
in which a person becomes literate (Bassetti et al., 2012; 
Vaid et al., 2022). Given that a salient way in which writing 
systems differ is in terms of their directionality one may ask 
whether the experience of reading from left to right (LR) 
versus from right to left (RL) affects how individuals attend 

to, perceive, reproduce or evaluate spatial stimuli. This is the 
central issue examined in the present paper.

Directional spatial biases have long been of interest to 
neuropsychologists as indicators of the differential speciali-
zation of the two cerebral hemispheres. For example, in a 
standard attentional task used in neuropsychology—line 
bisection—the midpoint of a horizontal line is typically 
placed by participants to the left of the actual center (Jewell 
& McCourt, 2000). Directional spatial biases in this task 
were attributed to right hemisphere specialization for visu-
ospatial processing and thus a greater allocation of attention 
to the left side of visual space (Bryden, 1982; Kinsbourne, 
1970). However, the typical pattern of leftward displacement 
was not observed when the line bisection task was conducted 
with right-to-left readers (Chokron & Imbert, 1993). Thus, 
spatial biases need not always—or only—reflect cerebral 
laterality effects but could more parsimoniously be inter-
preted as script directionality effects—that is, effects arising 
from (left to right) directional reading and writing habits 
(Vaid, 2011). Script directionality biases may operate inde-
pendently of or in interaction with hemisphere asymmetries 
(for a discussion of hemispheric asymmetry in a right-to-left 
script, see Rao et al., 2014).

Indeed, on many visuospatial tasks traditionally inter-
preted in terms of cerebral laterality, language users with 

 * Nafiseh Faghihi 
 nafisehfaqihi@gmail.com

 Jyotsna Vaid 
 jvaid@tamu.edu

1 Psychological and Brain Sciences, Texas A&M University, 
College Station, TX 77843-4235, USA

http://crossmark.crossref.org/dialog/?doi=10.3758/s13423-022-02239-1&domain=pdf
http://orcid.org/0000-0002-1206-6264


844 Psychonomic Bulletin & Review (2023) 30:843–862

1 3

a habitual right-to-left reading and writing direction show 
either a reduced left-side bias or a completely opposite 
directional bias favoring the right side. For example, in the 
chimeric facial affect judgment task, a widely used task com-
monly thought to reflect right hemisphere dominance, partici-
pants are shown pairs of faces with opposite half smiles and 
are to judge which face looks happier. Vaid and Singh (1989) 
tested biliterate readers of Hindi and English (LR), readers 
of Urdu and English (bidirectional readers) and monoliterate 
readers of Arabic (RL) on this task. Like countless previous 
studies on this task with American participants, Hindi–Eng-
lish readers perceived faces with a left-sided smile as happier. 
However, in sharp contrast to this robust pattern noted in 
previous work, Arabic readers deemed faces with a right-
sided smile as happier, indicating that each group allocated 
more weight to the side on which reading started in their 
language. The bidirectional readers showed no consistent side 
preference. An effect of script directionality on facial affect 
judgments has been replicated in two other studies (Eviatar, 
1997, Exp. 2; Sakhuja et al., 1996).

Script directionality effects have by now been reliably 
documented in spatial biases in representational draw-
ing of objects or scenes (Faghihi et al., 2019; Garcia 
et al., 2020; Vaid et al., 2002, Vaid et al., 2011) and 
facial profiles (for a meta-analytic review, see Tosun 
& Vaid, 2014), in line length judgments (Singh et al., 
2000) and in various other graphic production tasks 
(Tversky et al., 1991; Vaid, 1998). They have also been 
reliably observed in aesthetic judgments (Chokron & De 
Agostini, 2000; Friedrich et al., 2014; Pérez González, 
2012; Smith et al., 2020; for a review, see Page et al., 
2017), in reasoning tasks (Bettinsoli et al., 2020; Rey, 
2010) and social cognition tasks (Bettinsoli et al., 2021; 
Chatterjee et al., 1999; Maass et al., 2007; Maass et al., 
2009; Maass & Russo, 2003). Interest in the potential 
impact of script directionality effects has also extended 
to other domains such as product placement in advertis-
ing and consumer behavior.

Script directionality: Key questions

The present paper undertakes an analysis of studies that 
examine directional spatial biases that may be attributable 
to script directionality. Conceptually, an embodiment per-
spective underlies how a good number of studies of script 
direction have been described. In this perspective experi-
ence in moving one’s eyes in a certain direction when read-
ing and in moving one’s limbs in a certain direction when 
writing creates perceptual and motoric “habits” that affect 
how we attend to and interact with stimuli in general, even 
outside the domain of language (Kazandjian & Chokron, 
2008; Suitner & Maass, 2016). We use this perspective as 

our starting premise and structure our analysis around the 
following three questions:

1) What are possible underlying mechanisms (mediators) 
of script directionality effects and what variables might 
moderate the relationship between script directionality 
and spatial biases?

2) How malleable are script directionality effects?
3) What would a study need to look like, methodologically, 

in order to appropriately test script directionality as a 
plausible source of observed spatial biases?

In addressing these questions, we will provide examples 
from the literature, with particular emphasis on studies that 
have used tasks with real-world relevance (e.g., advertise-
ment or social cognition). For a summary of these illustra-
tive studies, see Table 1.

Script directionality effect: Mediators 
and moderators

In this section, we explore what factors may mediate or mod-
erate script direction effects and discuss the conditions under 
which such effects are enhanced or impeded.

A mediator variable is a variable that accounts for the 
effect of the independent variable (in this case, reading and 
writing direction) on the dependent variable (i.e., side biases 
in spatial cognition). A moderator variable is a variable that 
describes under what circumstances the relationship between 
the independent variable and the dependent variable holds.

The most fundamental mediating mechanisms for the 
script directionality effect are perhaps the mental time arrow 
and mental number line. That is, the spatial mental models 
of time and magnitude are (implicitly) deployed in a variety 
of tasks to mediate the relationship between script direction 
and spatial biases (see Fig. 1). Studies that directly compared 
the mental time line or mental number line of LR readers 
versus RL readers will be first surveyed and then we will 
describe studies that claim to show how the orientation of 
these mental lines can pass on the script directionality effect 
to various domains of spatial cognition.

Subsequently, we will discuss the moderator role of six 
different variables, three categorical (order of mention, con-
strual level, ambiguity) and three continuous (processing 
fluency as a stimulus feature, personal need for structure, 
and bidirectional reading and writing experience).

Mediators of script directionality effect

Space–magnitude association and the mental number line

Spatial mapping of numbers, and more generally magnitude, 
is a universal cognitive strategy. For example, people make 
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Table 1  Summary of the studies reviewed with real-world relevance

Study Field of study Mediator/Moderator Number of LR and RL 
readers

Number of distinct stimuli 
(number of trials if different 
from number of stimuli)

Cai et al. (2012, Study 1) advertisement and con-
sumer behavior (price 
estimation)

Space–magnitude associa-
tion

37 LR readers 1

Cai et al. (2012, Study 3) advertisement and con-
sumer behavior (price 
estimation)

Space–magnitude associa-
tion

60 LR readers 1

Romero and Biswas (2016, 
Study 1A)

advertisement and con-
sumer behavior (healthy-
unhealthy food selection)

Space–magnitude associa-
tion

48 LR readers 1

Romero and Biswas (2016, 
Study 1B)

advertisement and con-
sumer behavior (healthy-
unhealthy food selection)

Space–magnitude associa-
tion

93 LR readers 1

Romero and Biswas (2016, 
Study 3)

advertisement and con-
sumer behavior (healthy-
unhealthy food selection)

Space–magnitude associa-
tion

109 LR readers 1

Romero and Biswas (2016, 
Study 4)

advertisement and con-
sumer behavior (healthy-
unhealthy food selection)

Space–magnitude associa-
tion

169 LR readers 1

Romero and Biswas (2016, 
Study 2A)

advertisement and con-
sumer behavior (healthy-
unhealthy food selection)

Space–magnitude associa-
tion

78 LR readers 1
(5 trials)

Romero and Biswas (2016, 
Study 2B)

advertisement and con-
sumer behavior (healthy-
unhealthy food selection)

Space–magnitude associa-
tion

44 LR readers 1

Romero and Biswas (2016, 
Study 5)

advertisement and con-
sumer behavior (healthy-
unhealthy food selection)

Space–magnitude associa-
tion

60 LR readers 1

Chae and Hoegg (2013, 
Study 1),

advertisement and 
consumer behavior (ad 
evaluation)

Space–time association 194 LR readers 1

Chae and Hoegg (2013, 
Study 4)

advertisement and 
consumer behavior (ad 
evaluation)

Space–time association 157 LR readers
133 RL readers

1

Zhang et al. (2019, Study 1) advertisement and 
consumer behavior (ad 
evaluation)

Space–time association 98 LR readers 1

Zhang et al. (2019, Study 
2a)

advertisement and 
consumer behavior (ad 
evaluation)

Space–time association 95 LR readers 1

Zhang et al. (2019, Study 
2b)

advertisement and 
consumer behavior (ad 
evaluation)

Space–time association 109 LR readers 1

Zhang et al. (2019, Study 
3)

advertisement and 
consumer behavior (ad 
evaluation)

Space–time association 296 LR readers 1

Chatterjee et al. (1999, 
Experiment 1)

social cognition (agency 
hypothesis)

Space–time association 27 LR readers 1
(18 trials)

Chatterjee et al. (1999, 
Experiment 3)

social cognition (agency 
hypothesis)

Space–time association 36 LR readers 2
(6 trials per stimulus)

Maass et al. (2009, Study 3) social cognition (SAB) Space–time association 30 LR readers
31 RL readers (bidirec-

tional bilinguals)

2
(4 trials per stimulus)

Bettinsoli et al. (2021, 
Study 3)

social cognition (SIB) Space–time association 67 LR readers
67 RL readers (bidirec-

tional bilinguals)

3
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Table 1  (continued)

Study Field of study Mediator/Moderator Number of LR and RL 
readers

Number of distinct stimuli 
(number of trials if different 
from number of stimuli)

Maass et al. (2007, Study 
1)

social cognition (behavior 
judgement)

Space–time association 72 LR readers 1
(12 trials)

Maass et al. (2007, Study 
2)

social cognition (behavior 
judgement)

Space–time association 40 LR readers 1
(10 trials)

Maass et al. (2007, Study 
3)

social cognition (behavior 
judgement)

Space–time association 20 LR readers
20 RL readers

1
(12 trials)

Bettinsoli et al. (2020, 
Study 1)

cause-effect perception Space–time association 157 LR readers 1
(12 trials)

Bettinsoli et al. (2020, 
Study 2)

cause-effect perception Space–time association 100 LR readers 1
(12 trials)

Mittelman and Andrade 
(2017, Study 1)

advertisement and con-
sumer behavior (product 
preference)

Primacy effect 428 LR readers 1

Mittelman and Andrade 
(2017, Study 2)

advertisement and con-
sumer behavior (product 
preference)

Primacy effect 67 LR readers 1

Mittelman and Andrade 
(2017, Study 3)

advertisement and con-
sumer behavior (product 
preference)

Primacy effect 100 LR readers
102 RL readers

1

Rey (2010) cause-effect perception Space–time association 113 LR readers 1
Maass et al. (2014) social cognition (SAB) Order of mention 58 LR readers (SvO word 

order)
60 LR readers (vOS word 

order)
75 RL readers (SvO word 

order)

Task1: 1
(2 trials)
Task2: 1
(4 trials)

Suitner and Giacomanto-
nio (2012, Study 1)

social cognition (SAB) Construal level 52 LR readers 1
(6 trials)

Suitner and Giacomanto-
nio (2012, Study 2)

social cognition (SAB) Construal level 62 LR readers 1
(8 trials)

Daugs et al. (1987, Experi-
ment 1)

Education and learning 
(directional diagrams)

Ambiguity 57 LR readers 2

Chae and Hoegg (2013, 
Study 2)

advertisement and 
consumer behavior (ad 
evaluation)

Processing fluency 194 LR readers 1

Chae and Hoegg (2013, 
Study 3)

advertisement and 
consumer behavior (ad 
evaluation)

Personal need for structure 183 LR readers 1

Maass and Russo (2003, 
Experiment 1)

social cognition (SAB) Bidirectional reading and 
writing

33 LR readers
79 RL readers (bidirec-

tional bilinguals)

2
(2 trials per stimulus)

Shaki and Fischer (2008, 
Experiment 1)

Mental number line Malleability of script 
directionality effect

18 bidirectional bilinguals 1
(320 trials)

Cai et al. (2012, Study 4) advertisement and con-
sumer behavior (price 
estimation)

Malleability of script 
directionality effect

117 LR readers 1

Mittelman and Andrade 
(2017, Study 3)

advertisement and con-
sumer behavior (product 
preference)

Malleability of script 
directionality effect

413 LR readers 1

Suitner et al. (2017, Study 4) social cognition (SAB) Malleability of script 
directionality effect

80 LR readers 1
(40 trials)
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an association between space and numbers (small and large; 
Dehaene et al., 1993), pitch (low and high; Rusconi et al., 
2006), and time duration (short and long; Ishihara et al., 
2008). The link between magnitude and space is also evident 
in the overlap of neural activation for spatial and numeri-
cal processing (for a review, see Hubbard et al., 2005). The 
combination of behavioral and neural evidence points to a 
spatial–magnitude association that is represented in long-
term memory (for a discussion, see Fias & van Dijck, 2016).

Although this is a universal association, some aspects of 
this mapping have been shown to be culture specific. Differ-
ences in reading and writing direction, finger counting, and 
number-word systems across cultures can affect dimensions 
of the mental representation of magnitude in space (Göbel 
et al., 2011).

The mapping of magnitude into space is explained with 
the metaphor of a mental number line (MNL). According to 

this metaphor, numerical distance is mentally represented 
as spatial distance (Restle, 1970), and numbers are ordered 
on MNL from small to large. For example, odd-or-even 
judgments for small numbers (e.g., 1 or 2) are faster when 
responses are made with a left button press in comparison 
to a right button press. Accordingly, larger numbers (e.g., 8 
or 9) are judged faster with a right button press rather than 
a left button press (the so-called SNARC effect; Dehaene 
et al., 1993). Even in tasks that neither require a lateral-
ized movement like a right/left button press nor involve a 
numerical operation or judgement like odd-or-even deci-
sions, smaller and larger numbers were found to shift atten-
tion to opposite sides of the visual field ( e.g., Aulet et al., 
2021; Dodd et al., 2008; Fischer et al., 2003; Galfano et al., 
2006; Shaki & Fischer, 2014).

For example, Fischer et al. (2003) examined the spa-
tial–numerical association (SNA) effect in a simple detection 

Table 1  (continued)

Study Field of study Mediator/Moderator Number of LR and RL 
readers

Number of distinct stimuli 
(number of trials if different 
from number of stimuli)

Kazandjian et al. (2011) Mental time line Malleability of script 
directionality effect

35 bidirectional bilinguals Task1: 1
(9 trials)
Task2: 1
(5 trials)
Task3: 1
(5 trials)

Glaser and Hellmann 
(2017, Experiment 1)

social cognition (moral 
judgement)

Side advantage 35 LR readers 1
(5 trials)

Paladino et al. (2017) social cognition (leader-
ship)

Side advantage 455 LR readers Task1: 1
Task2: 1

Fig. 1  Some mediation and moderator factors in the script directionality effect
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task. Participants first fixated on a number (1, 2, 8 or 9) 
presented centrally for a brief exposure. After a short delay, 
a target appeared either to the right side or left side of the 
position of the previously shown number. Participants had to 
press the space bar with their preferred hand as soon as they 
detected the target. The results revealed faster detection for 
a target that appeared on the right side if it was preceded by 
a relatively large number (and on the left side if preceded 
by a small number). This corroborated the original SNARC 
effect without involvement of lateralized limb movement, 
explicit spatial task, or numerical judgment (for a similar 
finding, see Aulet et al., 2021; but see also Colling et al., 
2020; Shaki & Fischer, 2018).

Even more interestingly, an eye-tracking study with a sim-
ple random number generation task found that participants’ 
eye movements were aligned with the relative magnitude of 
the number they were about to speak out (Loetscher et al., 
2010). The preceding eye movements were in line with the 
original SNARC effect in which smaller numbers were asso-
ciated with the left side and larger numbers with the right 
side (for similar findings, see Hartmann & Fischer, 2016).

It was originally thought that the mental number line 
might have a universal left-to-right direction such that 
smaller numbers are imagined on the left side of greater 
numbers (Fischer et al., 2003). This view was corroborated 
by observing a left-to-right number-space association among 
preverbal infants (de Hevia et al., 2014) and some nonhu-
man animals like chicks (Rugani et al., 2015). Although 
these observations may speak to the evolutionary sources 
of space–magnitude association, they do not address cultural 
factors that influence the direction of this association.

Several studies show an effect of reading and writing 
direction on the orientation of the mental number line. For 
example, Zebian (2005) and Shaki et al. (2009) found a 
right-to-left direction of MNL among two groups of Arabic 
readers in magnitude classification and parity tasks, respec-
tively. Lebanese and Palestinians associated smaller numbers 
with the right side of space and larger numbers with the left 
side. These findings underscore that the direction in which 
a person reads and writes affects perceptual and motor rou-
tines (see also Göbel et al., 2011; Winter et al., 2015).

Space–magnitude association in advertising and consumer 
behavior. We discuss two sets of studies—Cai et al. (2012) 
and Romero and Biswas (2016)—that illustrate the space–
magnitude association in (presumably) left-to-right readers 
in contexts that have real-world relevance—that is, adver-
tisement and consumer behavior.

Cai et al. (2012) examined the mental number line in the 
context of price estimation by consumers. In their Study 1, 
Cai et al. presented participants with two products (lamps) 
shown on opposite sides of a screen and asked them to 
estimate the price of each within a given price range. The 

location of the two lamps was counterbalanced. Consistent 
with an LR mental magnitude line, participants suggested 
a higher price for the product placed on the right than that 
placed on the left side of the screen. In another study (Study 
3), Cai et al. showed participants a piece of paper with the 
picture of a single product (a snack) either on the left or right 
side and participants were to estimate the market price of the 
snack. Again, a higher estimation was given when the item 
was displayed on the right side than when it was shown on 
the left side (Cai et al., 2012).

Taken together, the findings by Cai et al. (2012) appear to 
show a clear effect of a left-to-right mental magnitude line. 
However, two features of the study limit its usefulness. First, 
participants’ language background and native reading direc-
tion were not explicitly noted (although it was stated that 
participants were recruited from Shanghai and Hong Kong 
universities). Since the direction of a mental magnitude line 
corresponds directly to the direction of reading and writ-
ing, knowing the actual reading direction(s) of participants 
would have been informative in interpreting the findings. 
Secondly, only a single stimulus trial was used in each study, 
which severely limits the generalizability of the findings.

Romero and Biswas (2016) leveraged the relation 
between script direction and space–magnitude association to 
hypothesize that placement of food items in advertising can 
affect healthy versus unhealthy food choices. It is already 
established that healthy food items are perceived to be less 
heavy in weight (Deng & Kahn, 2009), lower in calories 
(Chandon & Wansink, 2007), less filling (Oakes, 2006), and 
less tasty (Raghunathan et al., 2006) than unhealthy food 
items. In addition, unhealthy food elicits more favorable 
affect (Shiv & Fedorikhin, 1999) and is seen as more desir-
able and tempting (Hofmann et al., 2010).

If one imagines these food characteristics on a continuous 
magnitude line, would one expect consumers to mentally 
associate healthy food with the left side of the space and 
unhealthy foods with the right side? That is, would food 
that is perceived as being less heavy, lower in calories, less 
filling, less tasty, less desirable/tempting and inducing less 
favorable affect—all of which characterize healthy food—be 
associated with the left side of the mental magnitude line 
with smaller values, whereas unhealthy food would be asso-
ciated with the right side of the mental magnitude line with 
larger values?

Romero and Biswas (2016) examined this issue in a series 
of experiments. In Studies 1A and 1B, participants were to 
choose a food from a restaurant menu. Two menus were cre-
ated, such that the healthy items were displayed on the left and 
unhealthy items on the right side or vice versa. Participants 
were indeed more likely to select a healthy food if the healthy 
items were displayed to the left of the unhealthy items.

When processing resources are limited, food choices are 
thought to be more affectively based and, thus more likely 
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to become unhealthier. But when processing resources are 
not limited, food choices are more cognitively informed 
and healthier choices are made (Shiv & Fedorikhin, 1999). 
Romero and Biswas (2016) showed that when the display 
order of healthy and unhealthy food items is congruent with 
the mental magnitude line (i.e., a healthy item is presented 
to the left of an unhealthy item), the food selection pro-
cess becomes less demanding, and individuals are able to 
dedicate more cognitive resources to enable them to make 
a healthier choice.

Some potential alternative explanations for the Romero 
and Biswas (2016) findings were ruled out in a series of fol-
low-up studies. For example, the researchers tested whether 
their findings could be due to an overall left-side bias. In 
their Study 3, Romero and Biswas included a control condi-
tion wherein the healthy and unhealthy items were aligned 
in a vertical orientation, in the center of the screen, one 
item placed on top of the other in a counterbalanced design. 
The results showed that presenting the healthy item on the 
left led to a higher tendency to choose the healthy items in 
comparison to the control condition. Importantly, however, 
displaying the unhealthy item on the left versus the control 
condition did not change the preference for choosing the 
unhealthy items.

Romero and Biswas (2016) also tested whether their find-
ings reflected a primacy effect of gaze starting point, such 
that participants would prefer the healthy item when it is on 
the left side simply because their gaze started on that side. 
They ruled out this alternative explanation in Study 4 by 
manipulating gaze starting point and finding that it did not 
change the results: A healthier food item was more likely to 
be selected when it was positioned to the left of an unhealthy 
item, regardless of where the gaze started.

In two other studies (Studies 2A and 2B), Romero and 
Biswas (2016) investigated the mental representation of 
healthy versus unhealthy food items. In one study, partici-
pants had to put words of a word pair in two blank boxes, 
one on the left side and the other one on the right side of the 
screen. The word pairs included healthy–unhealthy food-
related words (e.g., nutrition–pleasure) and fillers. In the 
other study, participants placed the names of a healthy food 
and an unhealthy food in two blank places on a restaurant 
menu, one on the right side and the other on the left side. 
Across both studies, participants associated healthy words 
and food names with the left side and unhealthy words and 
food names with the right side of space.

Romero and Biswas (2016) also investigated the effect 
of spatial horizontal position of food items on consump-
tion volume (Study 5). They showed participants a healthy 
and an unhealthy beverage placed on a table. After getting 
some nutrition information about the beverages, participants 
were asked to drink as much or as little of each beverage as 
they wished. Participants drank more of the healthy beverage 

only if it was placed to the left of the unhealthy one. When 
the healthy beverage was placed to the right of the unhealthy 
beverage, participants consumed an equal amount of each 
beverage. Impressively, it appears that spatial placement of 
food items influences not just participants’ food choices but 
also their consumption.

The studies of Romero and Biswas (2016) were designed 
and interpreted with the presumption that participants were 
LR readers with a left-to-right mental magnitude line. 
Although it was noted that participants were recruited from 
Amazon Mechanical Turk or a U.S.-based university, the 
authors did not specifically control for language(s) that 
participants had acquired or had been exposed to. We will 
return to this issue in a later section.

Space–time association and the mental time arrow

Exposure to a particular reading and writing direction may 
influence a person’s perception of temporal trajectory—that is, 
where in space an event starts and where it ends. For instance, 
an English speaker may point to their left when talking about 
an event that happened in the past or point to their right if 
talking about an incident expected to happen in future. In a 
classic study, Tversky et al. (1991) asked American (LR) and 
Arab (RL) school children to order pictures depicting break-
fast, lunch, and dinner. American children ordered the pictures 
from left to right (breakfast on the left end), while Arab chil-
dren positioned the same pictures in the opposite direction. 
These findings were extended by Ouellet et al. (2010); see also 
Santiago et al., 2007). In Ouellet et al. (2010), Spanish (LR) 
readers were faster in categorizing words referring to the past 
if the words were presented on the left side of the screen and 
were faster at categorizing words referring to the future when 
they were shown on the right side. This pattern was reversed 
amongst Hebrew (RL) readers.

Similarly, Gevers et  al. (2003) demonstrated spatial 
organization of ordinal sequences of months (Experi-
ment 1) and letters (Experiment 2). Dutch (LR) readers 
responded to the months in the beginning of the year faster 
with their left hand and responded faster to later months 
with their right hand. The same pattern of results was found 
in responding to the letters of the English alphabet (see also 
Gevers et al., 2004).

In another study, Chatterjee et al. (1999, Experiment 2) 
studied the directional representation of continuous events; 
he asked readers of English to imagine a single light source 
falling on a figure in motion (e.g., a staggering drunk) and 
to draw the trajectory of this light. Participants showed a 
strong tendency for drawing the trajectory as proceeding 
from left to right, consistent with their reading and writing 
habits. Following up on this study, Maass and Russo, (2003, 
Experiment 2) tested LR (Italian) and RL (Arabic) readers 
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on a task in which they had to rapidly decide whether the 
event described in a sentence read to them in their native 
language corresponded to a pictorial depiction of the event. 
The picture depicted the event proceeding either from left 
to right or from right to left (i.e., congruent or incongruent 
with reading direction). The results revealed that LR and RL 
readers were faster in responding to trials that were congru-
ent with their habitual reading direction.

Space–time association in advertising. Chae and Hoegg 
(2013, Study 1) asked LR reading participants to evaluate 
a product that had a temporal aspect—that is, a weight loss 
program. Participants were assigned either to a control or 
priming condition. In the priming condition, they were to 
organize a list of seven movies based on their release dates 
in either a horizontal or vertical order. Then in the test phase, 
participants were asked to evaluate an advertisement show-
ing before and after images. In a between-subjects design, 
the before and after images were either congruent or incon-
gruent with the past–left and future–right mental associa-
tions among LR readers.

Participants’ attitudes towards the product were assessed 
on five dimensions (good, favorable, effective, reliable, and 
likelihood of having side effects) and a composite measure 
of a product attitude index was obtained for each partici-
pant. The results showed that in the control and horizontal 
priming conditions, participants evaluated the product more 
positively in the congruent presentation of the ad. However, 
participants in the vertical priming condition did not show 
a preference. That is, LR readers thought of past–left and 
future–right associations of time and space, but a vertical 
representation of time overrode this association.

In a follow-up study, Chae and Hoegg (2013, Study 4) 
directly tested the effect of reading and writing direction 
by recruiting LR (English) and RL (Hebrew) readers. In a 
between-subjects design, participants imagined moving to 
a new house and looking for an antique-style or a modern-
style lamp. Then they were shown a magazine advertisement 
with the lamp depicted either on the left or the right side of 
the page. Participants rated their attitudes towards the prod-
uct on four dimensions (bad–good, dislike–like, unfavora-
ble–favorable, and unappealing–appealing). As predicted, 
LR and RL readers showed opposite response patterns, con-
sistent with their mental time arrow. That is, English readers 
in the modern condition favored the lamp on the right side, 
whereas they favored the lamp on the left side in the antique 
condition. However, Hebrew readers in the antique condition 
favored the ad with the lamp on the right side of the page, 
in accordance with a past–right and future–left time–space 
association.

Related research by Zhang et al. (2019, Studies 1 and 
2a and 2b) demonstrated that products advertised with an 
image facing leftward were evaluated more favorably if 

participants’ temporal focus was on the past. This pattern 
was reversed if participants’ temporal focus was on the 
future. The temporal focus was experimentally manipulated 
by asking participants in a priming phase to think and write 
about a past or future event in their lives (Study 1) or by 
directly mentioning past-related (or future-related) words 
in a text that accompanied the image in the advertisement 
(Study 2).

Considering the findings of Chae and Hoegg (2013), 
Zhang et al. (2019, Study 3) also investigated the interaction 
of product facing direction (rightward vs. leftward) and posi-
tion (left vs. right) in relation to the temporal focus of the 
consumers. An additive effect was found: in a past temporal 
focus condition, a leftward facing and left-positioned image 
led to the highest evaluation score. Additionally, facing 
direction had a stronger effect than position. For example, 
in the past temporal focus condition, the leftward-facing but 
right-positioned product image induced a better evaluation 
than the rightward-facing but left-positioned product image 
(see Palmer et al., 2008, for similar preferences in spatial 
composition of artworks).

The findings of Zhang et al. (2019) are notable because 
they manipulated facing direction and horizontal position 
simultaneously. However, the authors presumed an LR read-
ing direction of their participants, who were recruited either 
from an east coast university in the U.S. or from Amazon 
Mechanical Turk, without explicitly asking about their lan-
guage background. We return to this point in a later section.

Space–time association in social cognition—The spatial 
agency bias. Studies of social cognition have consistently 
shown that the mental time arrow mediates script direction 
effects. Chatterjee et al. (1999, Experiment 1) asked LR 
(English) readers to make drawings of stimulus sentences 
with verbs describing an action moving away from the agent 
(e.g., the circle pushes the square), towards the agent (e.g., 
the circle pulls the square), or a description of a state (e.g., 
the circle loves the square). Participants tended to place the 
agent to the left of the patient, regardless of verb type. This 
finding was replicated in Chatterjee et al. (1999, Experi-
ment 3), where LR readers were faster in a sentence–picture 
matching task when the depicted scene had a trajectory from 
left to right, consistent with participants’ reading direction. 
Placing the agent to the left of the patient naturally results 
in the agent facing rightward and the patient facing leftward. 
Chatterjee (2002) proposed an agency hypothesis, whereby 
groups perceived as more agentic are mentally and spatially 
represented on the left and facing rightward.

The agency hypothesis was later modified as the spatial 
agency bias (SAB) by Maass et al. (2009). According to 
SAB, spatial imagery is under the impact of reading and 
writing direction, such that for LR readers, more agentic 
groups are envisaged to the left of less agentic groups. 
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Importantly, designation of a group as more agentic or less 
agentic was based on stereotypical beliefs held about the 
group.

Maass et al. (2009, Study 3) compared SAB in LR (Ital-
ian) and RL (Arabic) readers. Participants received brief 
descriptions of hypothetical competitions between teams of 
men versus women or young adults versus older adults in 
scenarios such as a chess tournament or a volleyball game. 
For each hypothetical competition, participants had to draw 
the players of the two teams in the position they imagined 
them to be. Order of mention of the groups was counterbal-
anced to control for any preference for the first-mentioned 
group, which is often envisaged to the left (Chatterjee 
et al., 1999). Additionally, gender and age stereotypes were 
assessed. Over 80% of LR and RL participants perceived 
men and young adults as more agentic than women and 
older adults. Furthermore, an effect of order of mention of 
the agentic versus nonagentic group on spatial positioning 
bias was observed: When the agentic group was mentioned 
before the nonagentic group, LR readers imagined the agen-
tic group on the left and RL readers imagined it on right 
side, consistent with their reading directions. However, when 
the nonagentic group was mentioned first, neither group 
showed a side bias. Even though the association between the 
first-mentioned group and the side that writing starts (Chat-
terjee et al., 1999) was partially replicated in this study, such 
an effect could not completely override the SAB effect from 
scanning habits in habitual reading and writing (for an impli-
cation of SAB, see Monahan & Romero, 2020, Study 4).

SAB explains the association between the side that writ-
ing starts in a language and representation of more agentic 
social groups as a result of shared stereotypes in a society. 
For example, both men and women share the stereotype that 
men are more agentic (Abele, 2003). Another type of ste-
reotype is that of an ingroup bias (e.g., Zaromb et al., 2018). 
Members belonging to a group perceive ingroup members 
more favorably than outgroup members. Bettinsoli et al. 
(2021, Study 3) found a spatial in-group bias (SIB) that was 
similar to SAB in terms of side bias and facing orientation. 
Namely, members of a group imagine their in-group mem-
bers on the side that writing starts in their language and 
imagine the out-group members on the opposite side.

Given what has been discussed so far, does spatial trajec-
tory of an action influence the perception of characteristics 
of the act as well? For example, will a runner be perceived 
as faster if one sees him/her crossing the finish line from the 
left? If so, what is the role of reading and writing direction 
in interpretation of actions one observes from others? Maass 
et al. (2007) hypothesized that interpretation of actions is 
also affected by agency biases relative to space in a manner 
that observers draw inferences about an act according to 
the position of the actor and in which direction his/her act 
evolves. Among LR readers, for example, greater agency, 

force, and power will be attributed to a scene that has a 
left-to-right trajectory than if the same scene unfolded from 
right to left.

To test this hypothesis, Maass et al. (2007) conducted two 
studies with LR readers and a third study with both LR and 
RL readers. In the first study, participants were presented 
with different versions of short video clips depicting the tra-
jectory of a sporting action (i.e., scoring a goal in a soccer 
game). Native LR (Italian) readers had to rate how strongly 
and how fast the player kicked the ball and how beautiful the 
goal was. The results revealed an effect of the player’s orien-
tation and the trajectory of the goal. Evaluations of strength, 
speed and beauty of the goal were significantly higher when 
the trajectory of the goal was consistent with scanning habits 
of the participants (i.e., starting from the left side and pro-
ceeding towards the right side from the observer’s view).

In the second study, a different event was presented: short 
film clips of aggressive acts were presented to a group of 
LR participants. Each clip showed two men, one of whom 
was hitting the other with his fist, kicking him, and pushing 
him to the ground. After watching each clip, participants 
rated how strong the person who hit the other appeared, how 
shocked/ traumatized the person who was hit appeared, how 
violent the scene appeared to them, and finally, which of the 
two people were more responsible for what happened. A 
composite measure of perceived violence was only margin-
ally significantly affected by the direction of the scene tra-
jectory. That is, left-to-right scenes were evaluated as more 
violent than right-to-left scenes. Regardless of the scene 
trajectory, the aggressor was judged as more responsible.

The third study by Maass et al. (2007) recruited both LR 
(Italian) and RL (Arabic) readers for soccer goal judgments. 
There was a strong effect of reading direction: Italian readers 
perceived a goal as being stronger, faster, and more beautiful 
when it took an LR trajectory whereas, Arabic readers evalu-
ated the same goal as stronger, faster and more beautiful if 
it proceeded from right to left. Taken together, the findings 
of the three studies demonstrated that sport actions and, to 
a lesser extent, aggressive actions are perceived with more 
intensity if they have a trajectory consistent with a person’s 
reading and writing direction. This finding is in line with the 
spatial agency bias.

Space–time association in cause–effect perception. In 
exploring other real-world impacts and implications of the 
mediation effect of a mental time arrow for the effect of 
script directionality, we discuss the case of causal relations. 
Perception of how one or multiple events lead to other events 
is a critical cognitive ability important for conceptual under-
standing and problem solving (Jonassen & Ionas, 2008). In 
a causal chain, the cause should occur before the effect; 
therefore, a temporal relation is involved in almost every 
causal relationship. There are two types of causal reasoning: 
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predictive and diagnostic. In predictive reasoning, we start 
from a known cause and search for possible effects. In diag-
nostic reasoning, however, causes of an event are worked out 
based on the observed effects.

As causes naturally precede effects, judgments about 
causal relations are faster, more accurate and are made with 
greater confidence for predictive than for diagnostic reason-
ing (Evans & Beck, 1981; Fenker et al., 2005; Tversky & 
Kahneman, 1974, 1977; White, 2006). The effect of predic-
tive and diagnostic reasoning types, which is directly related 
to the temporal relation of cause and effect, was studied by 
manipulating the temporal order of presentation of cause and 
effect in a causal pair (e.g., Fenker et al., 2005). However, 
Bettinsoli et al. (2020, Studies 1 and 2) examined the effect 
of spatial order of cause and effect on perceived strength of 
a causal relation. They used sentences with the form “x has 
a link with y” and word pairs (each word presented in a sepa-
rate box, where the two boxes were horizontally placed next 
to each other) to examine the perceived strength of the rela-
tion between causes and effects among LR readers. Causes 
and effects were presented simultaneously either in a CE 
(cause on the left side) or an EC (cause on the right side) 
spatial order. Regardless of stimulus type, a stronger cor-
relation was perceived between a cause and its effect if the 
items were presented in a CE rather than an EC spatial order.

This advantage of a CE spatial order may reflect an align-
ment with an LR mental time arrow which, in turn, facili-
tated a cognitively more coherent type of reasoning, that is 
predictive reasoning (Bettinsoli et al., 2020, Study 6; Tver-
sky & Kahneman, 1974, 1977). Bettinsoli et al. (2020) also 
argued that in a CE presentation, the LR readers encountered 
the cause first and it led to a stronger perceived causal rela-
tion because the first encountered element is more salient 
(MacWhinney, 1977). This interpretation is in line with 
findings of Fender et al. (2005, Experiment 3) that a delay 
between the presentation of the first and second words in a 
causal pair yielded a facilitating effect of CE (vs. EC) order 
of presentation.

Similarly, some other studies have interpreted the effect 
of script directionality in terms of what comes first to atten-
tion, arguing that what is presented on the side on which 
reading and writing starts will capture attention first. For 
example, in a consumer behavior study, Mittelman and 
Andrade (2017) showed that a verity bundle (i.e., a package 
with multiple products) was more likely to be selected by 
consumers if their favorite product was displayed on the side 
of the package that reading started in their language (i.e., 
the left side for LR readers). The authors speculated that the 
information that comes first to the attention of consumers 
will become the most important information and thus, takes 
on the most weight in making a decision. Everything else 
being equal, the element on the side that reading starts has a 
saliency advantage that gives it more weight. Moreover, the 

information that comes earlier in an online decision-making 
process is given more weight due to a primacy effect (see 
Dallas et al., 2019).

Bettinsoli et al. (2020) investigated previously learned 
causal relations but Rey (2010) used a computer simulation 
task to investigate if the spatial order of cause and effect 
could influence learning of a new causal relation. LR readers 
were required to read an introductory text about how neural 
networks operate. Then, they were exposed to an interactive 
computer simulation of the concept of neural networks that 
consisted of a net input (cause), an activity function (mod-
erator), and an activity level (effect) that was the result of 
changes made by the participant on the cause and the mod-
erator function. The causal connection was displayed either 
from left to right (cause placed on the left) or from right to 
left. Rey hypothesized that presenting the causal connection 
in the same direction as the participant’s reading direction 
should facilitate the construction of a mental model of the 
causal relation.

After studying the computer simulation, participants per-
formed a retention and a transfer test. Retention refers to 
the ability of storing information in the working memory 
and remembering or recognizing it later on. Transfer in this 
study’s context is about internalizing the stored informa-
tion in a way that it can be applied in another context. In 
addition, the amount of time spent studying the computer 
simulation was recorded. The results showed that LR readers 
who received the causal connection in a direction congruent 
with their reading direction performed better on both reten-
tion and transfer tests than those who received the causal 
connection in a right-to-left direction (Rey, 2010). But this 
difference only reached statistical significance for the trans-
fer test. The time spent on the computer simulation was not 
significantly different between the two groups.

Script directionality and the mediating role of the mental 
time arrow can influence how causal connections are dia-
grammed in instructional texts (e.g., user manuals or edu-
cational resources). If the texts originate in an LR language 
and are translated into a language with an RL reading direc-
tion or vice versa, there are likely to be distinct repercus-
sions on how the texts are engaged with (see Goldenberg & 
Tractinsky, 2021, on the sensitivity of translation between 
two languages that are read in opposite directions). Impor-
tantly, the effectiveness of health-related messages can also 
be impacted by the spatial presentation of cause and effect, 
as in graphical messages about the relation between drinking 
and its life-threatening consequences or the relation between 
smoking and cancer.

A limitation of the two studies reviewed in this section 
is that they only included LR readers. Even though it seems 
intuitive to expect an opposite effect among RL readers, it is 
important to actually test RL reading participants to support 
claims that reading direction underlies an observed effect.
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Moderators of script directionality effects

Order of mention

Earlier we talked about the relation between spatial and 
social asymmetries described by the spatial agency bias 
whereby more agentic groups are envisaged on the side 
of space that reading starts from. A study by Maass et al. 
(2014) demonstrated a combined effect of the order of men-
tion and reading habits in SAB. Participants were readers of 
an LR language with a subject–verb–object pattern (Italian), 
readers of an LR language with a verb–object–subject pat-
tern (Malagasy), and RL readers of a language with a sub-
ject–verb–object pattern (Arabic). On the one hand, when 
the subject and object were not mentioned in the task (e.g., 
Draw the exchange of a gift between two people) the reading 
and writing direction influenced the placement of the agent 
and patient in a scene. That is, the agent was positioned 
on the side that reading started in for each language. On 
the other hand, when the subject and object were explic-
itly mentioned (e.g., The father caresses the son), the order 
of mention dictated the positions of the agent and patient. 
Namely, the first mentioned sentential role was placed on 
the side that reading started in for each language. Thus, it 
appears that when the subject and object are not mentioned 
the SAB characterizes the pattern, whereas when they are 
explicitly mentioned the results follow the order of mention.

Construal level

In addition to the order of mention, other factors appear to 
enhance or impede the effect of reading and writing direc-
tion in SAB. Suitner and Giacomantonio (2012) found an 
effect of construal level (CL) on deployment of SAB in 
drawing interactive acts. According to research on construal 
level (Trope & Liberman, 2010), a high CL leads to more 
abstract and overall representation of events. However, a low 
CL results in more detailed and concrete representations that 
utilize the peripheral rather than the general information in 
a situation.

Across two studies, the construal level and psychological 
distance was manipulated (Suitner & Giacomantonio, 2012). 
In the first study, LR (Italian) readers were primed by writ-
ing either about what they would be doing in any day of the 
coming year either before (High CL) or after completing 
the task at hand (Low CL). Then participants were asked to 
draw the agent and the patient in six interactions described 
by verbs presented in the infinitive form (e.g., to push). The 
results showed an effect of CL on activation of SAB: par-
ticipants in the high CL condition produced more drawings 
with the agent on the left side and with the action proceeding 
towards the right, which was consistent with their reading 
and writing direction.

While the drawing stimuli in their first study had mini-
mal context (e.g., to kiss), in the second study, LR reading 
participants were primed similar to the first study but more 
low-level information was provided in the drawing task. The 
low-level information was the order of mention of the agent 
and the patient in the to-be-drawn stimuli (e.g., A gives a 
flower to B or B receives a flower from A). Even though there 
was an overall effect of order of mention, participants in the 
high CL condition produced more drawings with the agent 
on the left side, indicating the influence of the SAB. In the 
low CL condition, participants used the low-level informa-
tion in deciding about the side placement of the agent and 
the patient. That is, participants in the high CL used SAB 
regardless of the order of mention but in the low CL the 
agent was placed on the left side only if it was mentioned 
before the patient.

The SAB and the order of mention effects were inter-
preted by Suitner and Giacomantonio (2012) in terms of 
off-line and online embodiments, respectively. Off-line 
cognitive embodiment refers to the employment of motor/
perceptual representations that are established before one 
faces a situation (Wilson, 2002). SAB was formed off-line 
before the participants encountered the stimuli and it was 
most influential in the high CL condition. Online cognitive 
embodiment is, however, defined as the immediate effect of 
perceptual information on cognition (Niedenthal et al., 2005; 
Wilson, 2002). The order of mention effect was activated 
online after participants saw the stimuli, and it was most 
effective in the low CL condition.

Ambiguity

Educational pictorial diagrams are widely used in sports 
education texts. These diagrams are usually used for self-
instruction because the learner can follow them step-by-
step to master a particular movement. Daugs et al. (1987; 
Experiment 1) examined learning and recognition of sports 
movements through pictorial diagrams with two groups of 
LR participants. One group received diagrams with the hori-
zontal array of the sequence of moves in an LR order and the 
other group received the same diagrams in an RL direction. 
The sequence of moves was depicted in line-drawings and 
each was presented for 15 seconds. Two sports movements 
were shown to both groups, a novel (learning) and a known 
(recognition) movement. For the novel movement, the 
sequence of moves was ambiguous in a way that performing 
the moves in either direction could work, one direction was 
forward and the other was backward. Eye-movement data 
were recorded while participants explored the diagrams. For 
the novel movement, participants had to execute it right after 
seeing the diagram. For the known movement, however, they 
had to arrange cards of single line drawings to present the 
sequence in the same order as was seen.
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Results showed that participants tended to scan and 
assemble the moves of a sequence in an LR direction if the 
movement was ambiguous (i.e., the diagram could possibly 
go in either direction). For the ambiguous movement, the 
majority of the group that received the sequence in an LR 
direction executed the movement in the correct (forward) 
order but the majority of the group with the RL sequence 
executed the movement in the reverse (backward) order. In 
contrast, when the movement was not ambiguous and one 
and only one direction could be correct, participants were 
able to figure out the correct direction without being affected 
by their habitual reading and writing direction.

This study illustrates a condition under which the effect 
of script directionality is most likely to emerge. That is, indi-
viduals refer to their mental arrow that is congruent with 
their reading direction when handling an ambiguous task 
but they are able to suppress that mental orientation when 
there is more information available (see also Suitner & Gia-
comantonio, 2012).

It should be mentioned that Daugs et al. (1987) did not 
provide any demographic information indicative of the script 
direction of participants but assumed that an LR diagram 
was consistent with the habitual reading direction of par-
ticipants. This assumption of an LR reading direction as 
the default is a common shortcoming in studies of script 
directionality.

Stimulus processing fluency and personal need for structure

We already discussed the work of Chae and Hoegg (2013, 
Studies 1 and 4), which demonstrated how time–space 
association can mediate the effect of script directionality on 
consumer evaluations of time-related products. Addition-
ally, Chae and Hoegg (2013, Studies 2 and 3) examined the 
moderator effects of processing fluency as a stimulus feature 
and personal need for structure as an observer feature.

Chae and Hoegg (2013) exposed LR readers to a product 
with either a past or a future association or with no time 
association at all. Participants were asked to imagine that 
they had moved to a new house and were looking either for 
an antique-style or for a modern-style crystal lamp, or the 
type of furniture was not mentioned. Then, they were shown 
an advertisement either with the crystal lamp on the left side 
or the right side of a magazine page. Participants assessed 
the product on four dimensions (bad–good, dislike–like, 
unfavorable–favorable, and unappealing–appealing).

At the end of the second study, participants were asked 
to think about the advertisement and complete a processing 
fluency questionnaire (Lee & Aaker, 2004), which assessed 
difficulty of understanding, difficulty of processing, organi-
zation, structure, and clarity of the ad. At the end of the third 
study, participants completed a Personal Need for Structure 

questionnaire (PNS; Neuberg & Newsom, 1993), which 
measured the trait of personal dependency on structure of 
knowledge.

Overall, in the second and third studies by Chae and 
Hoegg (2013), participants in the antique-style condition 
preferred the product if it was displayed on the left rather 
than the right side of the page. In contrast, participants in 
the modern condition preferred the product if the ad showed 
the lamp on the right side of the page. But in the control 
condition, there was an equal preference for either ad. Pro-
cessing fluency mediated the effect of lamp position on prod-
uct attitude for both the antique and modern conditions in a 
direction consistent with the consumers’ mental trajectory 
of time, which was shaped by exposure to an LR language.

Although individuals may not be cognizant of their spatial 
biases, they seem to put in a spatial schema of action that is 
congruent with culturally determined scanning habits rising 
from reading and writing direction (Maass et al., 2009). They 
do so possibly because it is easier and more fluent to process 
and feels right and natural to them (Suitner & Maass, 2011).

In addition, in the third study (Lee & Aaker, 2004), for 
participants high in personal need for structure, the pattern 
of results was consistent with the past–left and future–right 
heuristic. However, participants low in personal need for 
structure did not show a preference for either of the ads in 
either antique or modern conditions. This finding points to 
a moderating role of need for structure as an individual trait 
whereby individuals with a low need for structure have less 
tendency to rely on information structures and thus, are more 
flexible in creative thinking (Rietzschel et al., 2007) and 
less likely to make prototypical trait inferences (Moskowitz, 
1993) or judge others based upon stereotypes (Neuberg & 
Newsom, 1993; Schaller et al., 1995).

Chae and Hoegg (2013) found a consistent effect of 
reading and writing direction on advertisement and product 
evaluation across multiple studies. This effect was moder-
ated by processing fluency (an attribute of the stimulus) and 
personal need for structure (an attribute of the participant).

An important limitation of these studies is that they used 
a single stimulus; therefore, the representativeness of the 
findings is in question. Moreover, the effect of processing 
fluency was measured only by a self-report questionnaire. 
Studies that use other measures (e.g., psychophysiological 
measures) are to be encouraged.

Bidirectional reading and writing experience

While LR and RL readers often show side biases in oppo-
site directions, the direction and strength of spatial biases 
among bidirectional bilinguals can be different. Maass and 
Russo (2003, Experiment 1), for example, compared the rep-
resentational drawings of events among Italian (left-to-right, 
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LR) and Arabic (right-to-left, RL) readers, who were also 
exposed to an LR script to some extent. The Arabic read-
ers were either living in an Arabic speaking country or in 
Italy. Participants had to draw stimulus sentences like “The 
girl pushes the boy.” The verb implied a subject-to-object 
(to give, to push) or an object-to-subject (to receive, to 
pull) trajectory and the gender of the sentential subject was 
counterbalanced.

The results revealed an overall left-to-right bias (i.e., 
positioning the agent to the left of the patient of a sentence), 
but this effect was significantly weaker among Arabic read-
ers, suggesting an effect of reading/writing direction on 
event depiction. A right-to-left bias was significant only 
among Arabic readers who were living in an Arabic speak-
ing environment. Importantly, there was a significant inverse 
correlation between the number of years spent in a country 
with an LR script and the size of the right-to-left bias among 
the Arab participants. The more time an Arabic reader lived 
in an LR speaking country, the smaller the right-to-left bias 
they demonstrated in the event drawing task. This propor-
tional relation between the length of exposure to an opposite 
script direction and spatial bias highlights the importance of 
recording, reporting and controlling for the language(s) of 
participants in any script directionality study. We elaborate 
on this point in the final section.

Malleability of script directionality effect

To better understand the nature, scope and parameters of the 
script directionality effect, it is crucial to devise studies that 
examine whether the effect can be moved around, whether 
it is manifest only under certain conditions, and whether it 
interacts with other factors.

To examine if the script directionality effect is malleable, 
Shaki and Fischer (2008, Experiment 1) conducted a study 
on space–magnitude association with Russian–Hebrew bilin-
guals. Participants were primed by either reading a Russian 
paragraph (written from left to right) or a Hebrew one (writ-
ten from right to left) before performing a parity judgment 
task. The bidirectional bilinguals showed opposite mental 
number line orientations depending on whether they were 
primed with their LR or RL written language. This led the 
authors to conclude that there is a causal relation between 
script directionality and MNL orientation that is flexible 
and depends on the available spatial orientation in working 
memory (for similar findings, see Román et al., 2015).

Cai et al. (2012) conducted different studies on the effect 
of reading direction on price estimation that also made ref-
erence to the MNL. In their Study 4, they aimed to exam-
ine whether the orientation of the mental magnitude line 
and as a result, price estimation, can be manipulated. Par-
ticipants were primed by either looking at the image of a 

ruler (small–large numbers placement) or a clock face 
(large–small numbers placement) before being asked to esti-
mate the price of two products. Two products (staplers) were 
located on the left and right sides of the screen. Participants 
estimated a significantly higher price for the stapler that was 
placed on the right side only if they were primed with the 
ruler image. Participants who looked at the image of a clock 
face before the task demonstrated a reversed effect but it did 
not reach statistical significance.

Thus, even though the orientation of a mental magni-
tude line is strongly affected by habitual reading and writ-
ing direction, it is flexible and can be manipulated (Fischer 
et al., 2009; Fischer et al., 2010; Shaki & Fischer, 2008). The 
findings above suggest that although the MNL is generally 
oriented in the same direction as one’s reading direction, it 
is quite malleable.

Likewise, Mittelman and Andrade (2017) showed in a 
consumer behavior study that some stimulus features were 
capable of overriding the effect of script directionality. In 
selecting packages containing assorted salty or sweet snacks 
with different orders of product display, LR readers selected 
the bundle that displayed their favorite product on the left. 
But this selection criterion was not in place if their favorite 
product was most saliently displayed, regardless of its posi-
tion. That is, consumers prefer the bundle whose package 
displays their most favorite product on the same side that 
their reading starts from or the bundle that displays their 
most favorite product most conspicuously. One may inter-
pret this as a top-down process in the former case and a 
bottom-up process in the latter case. That is, reading and 
writing direction forms a mental model that is part of top-
down attentional processes but this model can be bypassed 
by a bottom-up process that makes certain visual elements 
more salient.

Another fascinating example of the malleability of script 
directionality is found in the gender–space association in 
SAB. Suitner et al. (2017, Study 4) used a gender catego-
rization task wherein participants were presented with pro-
files of men and women that were either looking rightward 
or leftward. In the stereotypical condition, the majority of 
the pictures of men faced rightward while the majority of 
pictures of women faced leftward, consistent with gender 
spatial biases in SAB. In the counterstereotypical condition, 
the majority of males faced leftward and the majority of 
females faced rightward. Finally, in the control condition, 
the number of rightward versus leftward looking profiles 
was equal across males and females.

The output of this gender categorization task, which 
was named The spatial association task, is an overall index 
of stereotype-congruent spatial association (ScSA) where 
higher scores of ScSA indicate higher SAB. The results of a 
pilot study with LR (Italian) readers revealed no significant 
difference in ScSA between the stereotypical and control 
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conditions. Therefore, Suitner et al. (2017, Study 4) only 
included the control and counter-stereotypical conditions in 
the main study. The main study recruited an equal num-
ber of male and female LR (Italian) readers, who were also 
assessed on benevolent sexism scales before and after the 
spatial association task.

The results revealed that the ScSA index was lower in the 
counter-stereotypical condition than in the control condi-
tion. In other words, the spatial agency bias was reduced 
by getting exposed to unconventional spatial orientation of 
male and female profiles. Further analyses showed the typi-
cal SAB in the control condition, that is, greater accuracy in 
categorizing rightward male and leftward female profiles. 
Consistent with the authors’ hypothesis, in the counterste-
reotypical condition, a rightward bias was formed for female 
profiles, whereas no spatial bias was demonstrated for male 
profiles.

Thus, it appears that the association between gender and 
space is malleable and can be unlearned and even partly 
replaced with a new association by visual exposure to atyp-
ical associations. More impressively, after controlling for 
preexperimental benevolent sexism, the postexperimental 
self-reported level of benevolent sexism was reduced by 
exposure to the counterstereotypical condition (but not by 
exposure to the control condition). This finding indicates 
that not only do individuals use space to reveal their social 
and abstract attitudes (e.g., stereotypical beliefs about gender 
and agency) but that space can also be deployed to modify 
such attitudes, at least temporarily.

Although script directionality effects are in some cases 
malleable, this is not always the case. For example, Kazand-
jian et al. (2011) gave a sequential-actions sentence–picture 
arrangement task to bidirectional bilinguals after priming 
them with their LR or RL written language. In the arrange-
ment task, sequences of sentences like “C brushed his 
teeth, ate a banana, and left for school” were auditorily 
presented to participants. Then, they were given three pho-
tographic images corresponding to three key actions from 
that sequence to organize in the order that best depicted the 
auditory stimulus. Participants employed a time trajectory 
arrow consistent with the reading and writing direction in 
their native language, regardless of the reading direction 
they were primed with. Spatial representation of time tra-
jectories is, thus, primarily dependent on habitual reading 
direction and is not as flexible as that of magnitude.

Taken together, these examples underscore the impor-
tance of the task. In some cases (e.g., relation between 
gender and space), the effect of script directionality can 
be easily overturned by a simple priming manipulation. 
In other cases (e.g., direct relation between time trajec-
tories and space), the effect of reading direction may not 
be as flexible, specifically when auditory stimuli are used. 
Clearly, there is much more to be done to explore the 

question of malleability of the script directionality effect 
and how it may depend on task demands.

Methodological issues and scope of script 
directionality effect

Research on spatial side biases, like many other fields of 
psychology, has tended to assume that findings derived 
from the typically studied population (members of West-
ern societies and users of English) should generalize to 
less studied populations, even though the basis for such 
claims of universality is increasingly being questioned 
(Blasi et al., 2022; Henrich et al., 2010; Share, 2021). As 
most neuropsychological research was largely drawn from 
populations that were left-to-right in their reading/writ-
ing habits the effect of reading and writing direction on 
spatial biases was hidden in plain sight and not initially 
considered as a potential confound (Vaid, 2022). When a 
few studies with RL readers suggested that it could not be 
ignored, reading and writing direction was initially treated 
as a “nuisance” variable. It was only when more and more 
studies seemed to point to scanning biases across different 
domains that this variable began to be taken seriously and 
its mechanisms and scope began to be examined (see Vaid, 
2011, for further discussion). Somewhat ironically, there is 
now a tendency to invoke script directionality effect even 
though participants are (still) drawn from a homogeneous 
(left-to-right) population.

Methodological considerations

Directly compare LR and RL readers

To claim that an effect is likely due to script directionality 
warrants a research design in which there is a direct compar-
ison—in the same study—of individuals with differing script 
directionality exposure and experience. Quite a few stud-
ies have met this standard. Yet studies conducted predomi-
nantly in western countries may have difficulty in recruiting 
enough numbers of RL readers (see Tosun & Vaid, 2014), 
although bidirectional RL readers are often more available 
in these countries. One way this problem can be addressed 
is by greater global collaboration among researchers to 
enable data collection in countries with a dominant RL 
written language. Moreover, online studies can recruit RL 
readers through crowdsource services (e.g., counterparts of 
Amazon Mechanical Turk) in countries with a dominant RL 
language, although this is not ideal given the likelihood of 
linguistic heterogeneity among formally schooled individu-
als in these countries.
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Account for bidirectional reading

Along the same lines, it is important to recognize that 
script directionality effects also extend to the interpreta-
tion of the performance of bidirectional readers—that is, 
one would expect them to behave somewhere in between 
LR-only and RL-only readers, depending on their literacy 
practices and length of exposure to each script. As such, 
more fine-grained characterization of the onset, length 
of exposure or even medium of instruction of a particular 
writing system is warranted to get a more accurate assess-
ment of the strength of script directionality effects when 
including RL readers who also learned an LR script (or 
vice versa). Bidirectional readers, contrary to RL-only 
readers, may show no side biases or a side bias in the 
same direction as LR that is reduced in size and strength 
(Flath et al., 2019; Hernandez et al., 2017; Kazandjian 
et al., 2011).

Considering bidirectional readers as a separate group 
(or considering bidirectional experience as a continuous 
variable) opens up new questions to be explored. For 
example, previous research showed that the number of 
years of exposure to an opposite reading direction can 
change the size of the script directionality effect (Maass 
& Russo, 2003). Yet we do not know whether the age 
of becoming a bidirectional reader (i.e., age of language 
acquisition) or the first learned directionality (LR vs. 
RL) would matter. Future research should attend more to 
individual differences among bidirectional readers as this 
is arguably a sizeable population and one that has been 
undertheorized in the literature to date (see Vaid, 2022, 
for further discussion).

Avoid proxy measures

Another limitation in this literature is the lack of con-
trol of reading direction of participants when they were 
recruited in a place with a dominant LR language. The 
geographical location of a study should not be assumed 
to be a proxy for reading direction, especially considering 
the likely increasing population of bidirectional bilinguals 
in western countries due to migration of various kinds. 
Most studies are conducted in universities, where there 
is a good chance that students may either come from a 
country with an opposite reading direction, or where 
the LR readers may have studied an RL language. This 
elevates the chance of having bidirectional bilingual 
participants. For studies conducted in countries with a 
dominant RL language there is an increasing chance of 
having bidirectional reading participants due to the early 
teaching of English at schools and exposure to western 
advertisements.

Address generalizability

Another important methodological concern noted particu-
larly in studies of side biases in advertisement and consumer 
behavior was the use of a single-stimulus design. Clearly, 
having a reduced set of stimuli greatly limits the representa-
tiveness of the findings. It is critical that research investigat-
ing directionality biases in real-world domains incorporate 
larger numbers of stimuli and trials to ensure that issues of 
generalizability and power are satisfactorily addressed.

Incorporate real‑time measures

A further opportunity for methodological improvement is 
the use of more fine-grained online measures including, for 
example, eye tracking or electrophysiological measures to 
measure the amount of cognitive workload in processing of 
spatial information that is congruent versus incongruent with 
one’s reading and writing direction. Self-report measures 
such as processing fluency and feeling right are informative 
tools but should be backed up with other methods in future 
research.

Expanding the scope

In addition to opportunities for methodological improve-
ments, there are important questions regarding the scope of 
the effect that await investigation.

Examine RL brain‑damaged populations

There is a major gap in our understanding of the clinical 
neuropsychological aspects of the script directionality effect 
(Kazandjian & Chokron, 2008). In particular, there is hardly 
any study that has looked at hemispatial neglect in brain 
damaged populations among readers of RL scripts. Given 
the increasing demonstration of script directionality effects 
on tasks that were assumed to be impervious to scanning 
biases and thought to be measures of right hemisphere func-
tion, it becomes all the more important that neuropsycholog-
ical studies examine how script directionality may interact 
with hemisphere functional asymmetry by including in the 
design both right-to-left and left-to-right populations.

Consider moral and epistemic judgments

Previous studies have shown that stereotypical beliefs about 
agency in relation to gender and age affect representational 
spatial biases. Less explored are how reading direction may 
be subtly used by individuals to form mental spatial models 
in social interactions among individuals differing in political 
affiliation, racial or ethnic group identity, or occupational 
status (e.g., boss vs. employee or doctor vs. nurse).
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Some research suggests that the side of space that read-
ing and writing starts in attracts more attention and has 
more influence on subsequent decisions. Further research 
is required to investigate the effect of side biases across a 
variety of contexts such as perception of morality, judg-
ments of true versus fake news, scientific versus mythi-
cal information and epistemic judgements in general. For 
example, is a fake news item more likely to be perceived 
as truthful by an LR reader if it is presented on the left 
(vs. right) side of the visual space?

As an example, in a moral judgment task, LR (Ger-
man) readers were presented with vignettes about 
moral transgressions such as sexual relationship 
between second cousins, shoplifting, and stealing 
library books (Glaser & Hellmann, 2017, Experiment 
1). In each trial, the vignette’s text box was displayed 
either on the right or the left side of the screen. Par-
ticipants were to rate the extent to which they found 
the behavior and the actor of the behavior morally 
reprehensible. Interestingly, a moral transgression act 
was judged more harshly if the vignette was presented 
on the right side of the screen. A similar pattern was 
found in judgments of transgressors but it did not 
reach statistical significance.

Theorize side biases

It might be the case that for LR readers, events and behav-
iors presented on the left side are perhaps interpreted 
and judged more favorably but further research is indeed 
required to be able to make such general conclusions. 
Such an interpretation may be read in two ways: (1) It 
presumes a mental emotional intensity line that is in line 
with the MNL and goes, for example, from less morally 
reprehensive to more morally reprehensive (see Holmes & 
Lourenco, 2011). (2) It is not about emotional magnitude 
per say but is about a better-worse (or more favored–less 
favored) polarity associated with space (as in the spatial 
agency bias and spatial in-group bias) that does not only 
apply to emotions but applies to epistemic judgements in 
general as was discussed earlier (see, e.g., Pitt & Casas-
anto, 2018). Future empirical investigations should decide 
which interpretation is supported.

Another social advantage of the side that reading starts 
from was shown in a study on spatial cues of leadership 
(Paladino et al., 2017). Left-to-right (Italian and Eng-
lish) reading participants associated the left and up spa-
tial positions with leading (vs. subordinate) roles in an 
organization. Even though these studies can be considered 
as good starting points, more extensive investigation of 
the effect with both LR and RL readers is required.

Integrate body specificity hypothesis and script directionality

Finally, there is another line of research to be considered 
that intersects with the script directionality effect in percep-
tion tasks—namely, the body specificity hypothesis (BSH), 
which proposes that a person’s right- or left-hand dominance 
leads to a preference for the corresponding side of space 
(Casasanto, 2009, 2011). According to BSH, abstract con-
cepts with a positive valence (e.g., honesty) are associated 
with the right side and abstract concepts with a negative 
valence (e.g., sadness) are associated with the left side in the 
mind of a right-handed person. The mental representation of 
a left-handed person is associated with an opposite pattern.

Besides the distinct effects of reading and writing direc-
tion (e.g., associating more agentic with the left side and 
less agentic with the right side by LR readers in SAB) and 
handedness (e.g., associating good with the right side and 
bad with the left side by right-handers in BSH), the intersec-
tion of handedness and reading direction effects may exert 
a joint influence in determining the direction and/or degree 
of side biases in perception. For example, Casasanto et al. 
(2022) showed that the interaction of script directionality 
and handedness effects resulted in reducing the left–past and 
right–future association among left-handed LR readers in 
comparison to right-handed LR readers. Casasanto (2016) 
refers to the effects of cultural and bodily experiences as 
“experiential relativity” effects that do not necessarily need 
to be all activated at one time and that can be even reversed 
under certain conditions. The potential interaction of appar-
ently opposite patterns of these effects on mental mapping 
of “the better side” deserves a full investigation in future 
experimental research. Until then, we cannot readily offer 
an insightful reconciliation of the two effects.

Conclusion

This paper asked three main questions about the well-doc-
umented effect of reading and writing direction on spatial 
biases. First, what are the underlying mechanisms of the 
effect and which factors mediate and moderate it and which 
conditions can enhance or impede the script directionality 
effect? Second, how rigid or flexible is the script direction-
ality effect? And last, what are methodological limitations 
of the existing literature, and how can these be addressed 
to improve the state of our knowledge and to expand the 
scope of inquiry of script directionality effects? In address-
ing these questions, illustrative studies of spatial biases in 
real-world contexts were presented as examples of the issues 
discussed. Although usually under the radar, the direction 
in which one reads and writes has been shown to exert a 
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wide-ranging effect on our spatial cognitive functioning. It 
deserves a closer look.

Acknowledgments We are grateful to Gary Lupyan and two anony-
mous reviewers for comments on the manuscript.

Funding Partial financial support was received from Texas A&M Uni-
versity in the form of a summer fellowship awarded to the first author.

Data availability Not applicable

Code availability Not applicable.

Declarations 

Ethics approval Not applicable

Consent to participate Not applicable

Consent for publication Not applicable

Conflicts of interest Not applicable

References

Abele, A. E. (2003). The dynamics of masculine-agentic and feminine-
communal traits: Findings from a prospective study. Journal of 
Personality and Social Psychology, 85(4), 768.

Aulet, L. S., Yousif, S. R., & Lourenco, S. F. (2021). Spatial-numerical 
associations from a novel paradigm support the mental number 
line account. Quarterly Journal of Experimental Psychology, 
74(10), 1829–1840.

Bassetti, B., Vaid, J., & Cook, V. (2012). Interdisciplinary approaches 
to second language writing systems. Writing Systems Research, 
4(1), 1–7.

Bettinsoli, M. L., Suitner, C., & Maass, A. (2020). The distinct contri-
butions of cause–effect order and reasoning type in judgments 
of causality. Journal of Cognitive Psychology, 32(1), 108–129.

Bettinsoli, M. L., Suitner, C., Maass, A., Finco, L., Sherman, S. J., & 
Salvador Casara, B. G. (2021). The spatial ingroup bias: Ingroup 
teams are positioned where writing starts. Personality and Social 
Psychology Bulletin. https:// doi. org/ 10. 1177/ 01461 67220 984297

Blasi, D. E., Henrich, J., Adamou, E., Kemmerer, D., & Majid, A. 
(2022). Over-reliance on English hinders cognitive science. 
Trends in Cognitive Sciences, 26(12), 1153–1170.

Boroditsky, L. (2009). How does our language shape the way we think? 
Scientific American, 304(2), 63–70.

Bryden, M. P. (1982). Functional asymmetry in the intact brain. Aca-
demic Press.

Cai, F., Shen, H., & Hui, M. K. (2012). The effect of location on price 
estimation: Understanding number–location and number–order 
associations. Journal of Marketing Research, 49(5), 718–724.

Casasanto, D. (2009). Embodiment of abstract concepts: good and bad 
in right-and left-handers. Journal of Experimental Psychology: 
General, 138(3), 351.

Casasanto, D. (2011). Different bodies, different minds: the body speci-
ficity of language and thought. Current Directions in Psychologi-
cal Science, 20(6), 378–383.

Casasanto, D. (2016). A shared mechanism of linguistic, cultural, and 
bodily relativity. Language Learning, 66(3), 714–730.

Casasanto, D., Gijssels, T., & Hamm, J. (2022). The left hand of time: 
Roles of cultural and bodily experience in constructing the men-
tal timeline. In J. Culbertson, A. Perfors, H. Rabagliati, & V. 

Ramenzoni (Eds.), Proceedings of the 44th Annual Meeting of 
the Cognitive Science Society, 44(44), 1397.

Chae, B. G., & Hoegg, J. (2013). The future looks “right”: Effects 
of the horizontal location of advertising images on product 
attitude. Journal of Consumer Research, 40(2), 223–238.

Chandon, P., & Wansink, B. (2007). The biasing health halos of 
fast-food restaurant health claims: Lower calorie estimates and 
higher side-dish consumption intentions. Journal of Consumer 
Research, 34(3), 301–314.

Chatterjee, A. (2002). Portrait Profiles and the Notion of Agency. 
Empirical Studies of the Arts, 20(1), 33–41.

Chatterjee, A., Southwood, M. H., & Basilico, D. (1999). Verbs, 
events and spatial representations. Neuropsychologia, 37(4), 
395–402.

Chokron, S., & De Agostini, M. (2000). Reading habits influence 
aesthetic preference. Cognitive Brain Research, 10(1/2), 
45–49.

Chokron, S., & Imbert, M. (1993). Influence of reading habits on line 
bisection. Cognitive Brain Research, 1(4), 219–222.

Chokron, S., Kazandjian, S., & De Agostini, M. (2009). Effects of 
reading direction on visuospatial organization: A critical review. 
In G. Aikaterini, & K. Mylonas (Eds.), Proceedings from the 
18th International Congress of the International Association for 
Cross-Cultural Psychology. 

Colling, L. J., Szücs, D., De Marco, D., Cipora, K., Ulrich, R., Nuerk, 
H.-C., ... McShane, B. B. (2020). Registered replication report on 
fischer, castel, dodd, and pratt (2003). Advances in Methods and 
Practices in Psychological Science, 3(2), 143–162.

Dallas, S. K., Liu, P. J., & Ubel, P. A. (2019). Don’t count calorie 
labeling out: Calorie counts on the left side of menu items lead 
to lower calorie food choices. Journal of Consumer Psychology, 
29(1), 60–69.

Daugs, R., Blischke, K., & Olivier, N. (1987). Scanning habits and 
viso-motor learning. In J. K. O'Regan & A. Levy-Schoen (Eds.), 
Eye movements from physiology to cognition (pp. 323–332). 
Elsevier. https:// doi. org/ 10. 1016/ b978-0- 444- 70113-8. 50048-5

de Hevia, M. D., Girelli, L., Addabbo, M., & Macchi Cassia, V. (2014). 
Human infants’ preference for left-to-right oriented increasing 
numerical sequences. PLOS ONE, 9(5), Article e96412.

Dehaene, S., Bossini, S., & Giraux, P. (1993). The mental representa-
tion of parity and number magnitude. Journal of Experimental 
Psychology: General, 122(3), 371.

Deng, X., & Kahn, B. E. (2009). Is your product on the right side? 
The “location effect” on perceived product heaviness and pack-
age evaluation. Journal of Marketing Research, 46(6), 725–738.

Dodd, M. D., der Stigchel, S., Leghari, M. A., Fung, G., & Kingstone, 
A. (2008). Attentional SNARC: There’s something special about 
numbers (let us count the ways). Cognition, 108(3), 810–818.

Evans, J. S. B. T., & Beck, M. A. (1981). Directionality and tem-
poral factors in conditional reasoning. Current Psychological 
Research, 1(2), 111–120.

Eviatar, Z. (1997). Language experience and right hemisphere tasks: 
The effects of scanning habits and multilingualism. Brain and 
Language, 58(1), 157–173.

Faghihi, N., Garcia, O., & Vaid, J. (2019). Spatial bias in figure place-
ment in representational drawing: Associations with handedness 
and script directionality. Laterality, 24(5), 614–630.

Fenker, D. B., Waldmann, M. R., & Holyoak, K. J. (2005). Access-
ing causal relations in semantic memory. Memory & Cognition, 
33(6), 1036–1046.

Fias, W., & van Dijck, J.-P. (2016). The temporary nature of number–
space interactions. Canadian Journal of Experimental Psychol-
ogy/Revue Canadienne de Psychologie Expérimentale, 70(1), 33.

Fischer, M. H., Castel, A. D., Dodd, M. D., & Pratt, J. (2003). Perceiv-
ing numbers causes spatial shifts of attention. Nature Neurosci-
ence, 6(6), 555–556.

https://doi.org/10.1177/0146167220984297
https://doi.org/10.1016/b978-0-444-70113-8.50048-5


860 Psychonomic Bulletin & Review (2023) 30:843–862

1 3

Fischer, M. H., Shaki, S., & Cruise, A. (2009). It takes just one word 
to quash a SNARC. Experimental Psychology, 56(5), 361–366.

Fischer, M. H., Mills, R. A., & Shaki, S. (2010). How to cook a 
SNARC: Number placement in text rapidly changes spatial-
numerical associations. Brain and Cognition, 72(3), 333–336.

Flath, M. E., Smith, A. K., & Elias, L. J. (2019). Cultural differences in 
lateral biases on aesthetic judgments: The effect of native reading 
direction. Culture and Brain, 7(1), 57–66.

Friedrich, T. E., Harms, V. L., & Elias, L. J. (2014). Dynamic stim-
uli: Accentuating aesthetic preference biases. Laterality, 19(5), 
549–559.

Galfano, G., Rusconi, E., & Umiltà, C. (2006). Number magnitude 
orients attention, but not against one’s will. Psychonomic Bulletin 
& Review, 13(5), 869–874.

Garcia, O., Faghihi, N., & Vaid, J. (2020). Sources of directional spatial 
biases in hemi-image drawing. Perception, 49(2), 169–185.

Gevers, W., Reynvoet, B., & Fias, W. (2003). The mental representa-
tion of ordinal sequences is spatially organized. Cognition, 87(3), 
B87–B95.

Gevers, W., Reynvoet, B., & Fias, W. (2004). The mental representation 
of ordinal sequences is spatially organized: evidence from days 
of the week. Cortex, 40(1), 171–172.

Glaser, T., & Hellmann, J. H. (2017). Heading right and judging 
harsher spatial orientation toward the right side and moral judg-
ments. Social Psychology, 48(5), 253–264.

Göbel, S. M., Shaki, S., & Fischer, M. H. (2011). The cultural num-
ber line: A review of cultural and linguistic influences on the 
development of number processing. Journal of Cross-Cultural 
Psychology, 42(4), 543–565.

Goldenberg, Y., & Tractinsky, N. (2021). Towards the right direction 
in bidirectional user interfaces. CHI '21: Proceedings of the 2021 
CHI Conference on Human Factors in Computing Systems, 149, 
1–13. https:// doi. org/ 10. 1145/ 34117 64. 34454 61

Hartmann, M., & Fischer, M. H. (2016). Exploring the numerical mind 
by eye-tracking: A special issue. Psychological Research, 80(3), 
325–333.

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people 
in the world? Behavioral and Brain Sciences, 33(2/3), 61–83.

Hernandez, M. D., Wang, Y., Sheng, H., Kalliny, M., & Minor, M. 
(2017). Escaping the corner of death? An eye-tracking study of 
reading direction influence on attention and memory. Journal of 
Consumer Marketing, 34(1), 1–10.

Hofmann, W., van Koningsbruggen, G. M., Stroebe, W., Ramanathan, 
S., & Aarts, H. (2010). As pleasure unfolds: Hedonic responses 
to tempting food. Psychological Science, 21(12), 1863–1870.

Holmes, K. J., & Lourenco, S. F. (2011). Common spatial organization 
of number and emotional expression: A mental magnitude line. 
Brain and Cognition, 77(2), 315–323.

Hubbard, E. M., Piazza, M., Pinel, P., & Dehaene, S. (2005). Inter-
actions between number and space in parietal cortex. Nature 
Reviews Neuroscience, 6(6), 435–448.

Huettig, F., & Mishra, R. K. (2014). How literacy acquisition affects 
the illiterate mind—A critical examination of theories and evi-
dence. Language and Linguistics Compass, 8(10), 401–427.

Ishihara, M., Keller, P. E., Rossetti, Y., & Prinz, W. (2008). Horizontal 
spatial representations of time: Evidence for the STEARC effect. 
Cortex, 44(4), 454–461.

Jewell, G., & McCourt, M. E. (2000). Pseudoneglect: A review and 
meta-analysis of performance factors in line bisection tasks. Neu-
ropsychologia, 38(1), 93–110.

Jonassen, D. H., & Ionas, I. G. (2008). Designing effective supports for 
causal reasoning. Educational Technology Research and Devel-
opment, 56(3), 287–308.

Kazandjian, S., & Chokron, S. (2008). Paying attention to reading 
direction. Nature Reviews Neuroscience, 9, 965.

Kazandjian, S., Gaash, E., Love, I. Y., Zivotofsky, A. Z., & Chokron, S. 
(2011). Spatial representation of action phrases among bidirec-
tional readers: The effect of language environment and sentence 
complexity. Social Psychology, 42(3), 249–258.

Kinsbourne, M. (1970). The cerebral basis of lateral asymmetries in 
attention. Acta Psychologica, 33, 193–201.

Lee, A. Y., & Aaker, J. L. (2004). Bringing the frame into focus: The 
influence of regulatory fit on processing fluency and persuasion. 
Journal of Personality and Social Psychology, 86(2), 205–218.

Loetscher, T., Bockisch, C. J., Nicholls, M. E. R., & Brugger, P. (2010). 
Eye position predicts what number you have in mind. Current 
Biology, 20(6), R264–R265.

Maass, A., & Russo, A. (2003). Directional bias in the mental rep-
resentation of spatial events: Nature or culture? Psychological 
Science, 14(4), 296–301.

Maass, A., Pagani, D., & Berta, E. (2007). How beautiful is the goal 
and how violent is the fistfight? Spatial bias in the interpretation 
of human behavior. Social Cognition, 25(6), 833–852.

Maass, A., Suitner, C., Favaretto, X., & Cignacchi, M. (2009). Groups 
in space: Stereotypes and the spatial agency bias. Journal of 
Experimental Social Psychology, 45(3), 496–504.

Maass, A., Suitner, C., & Nadhmi, F. (2014). What drives the spatial 
agency bias? An Italian–Malagasy–Arabic comparison study. 
Journal of Experimental Psychology: General, 143(3), 991.

MacWhinney, B. (1977). Starting points. Language, 53(1), 152.
Majid, A., Bowerman, M., Kita, S., Haun, D. B. M., & Levinson, S. C. 

(2004). Can language restructure cognition? The case for space. 
Trends in Cognitive Sciences, 8(3), 108–114.

McBride, C., Pan, D. J., & Mohseni, F. (2022). Reading and writing 
words: A cross-linguistic perspective. Scientific Studies of Read-
ing, 26(2), 125–138.

Mittelman, M., & Andrade, E. B. (2017). Product order affects con-
sumer preferences for variety bundles. European Journal of Mar-
keting, 51(5/6), 869–884.

Monahan, L., & Romero, M. (2020). Heading the right way? The influ-
ence of motion direction in advertising on brand trust. Journal of 
Advertising, 49(3), 250–269.

Moskowitz, G. B. (1993). Individual differences in social categoriza-
tion: The influence of personal need for structure on spontaneous 
trait inferences. Journal of Personality and Social Psychology, 
65(1), 132–142.

Neuberg, S. L., & Newsom, J. T. (1993). Personal need for structure: 
Individual differences in the desire for simple structure. Journal 
of Personality and Social Psychology, 65(1), 113–131.

Niedenthal, P. M., Barsalou, L. W., Winkielman, P., Krauth-Gruber, 
S., & Ric, F. (2005). Embodiment in attitudes, social percep-
tion, and emotion. Personality and Social Psychology Review, 
9(3), 184–211.

Oakes, M. E. (2006). Filling yet fattening: Stereotypical beliefs about 
the weight gain potential and satiation of foods. Appetite, 46(2), 
224–233.

Ouellet, M., Santiago, J., Funes, M. J., & Lupiáñez, J. (2010). Thinking 
about the future moves attention to the right. Journal of Experi-
mental Psychology: Human Perception and Performance, 36(1), 
17–24.

Page, A. G., McManus, C., González, C. P., & Chahboun, S. (2017). Is 
beauty in the hand of the writer? Influences of aesthetic prefer-
ences through script directions, cultural, and neurological fac-
tors: A literature review. Frontiers in Psychology, 8, 1325.

Paladino, M. P., Mazzurega, M., & Bonfiglioli, C. (2017). Up-and-left 
as a spatial cue of leadership. British Journal of Social Psychol-
ogy, 56(3), 599–608.

Palmer, S. E., Gardner, J. S., & Wickens, T. D. (2008). Aesthetic issues 
in spatial composition: Effects of position and direction on fram-
ing single objects. Spatial Vision, 21(3), 421–450.

https://doi.org/10.1145/3411764.3445461


861Psychonomic Bulletin & Review (2023) 30:843–862 

1 3

Pérez González, C. (2012). Lateral organisation in nineteenth-century 
studio photographs is influenced by the direction of writing: 
A comparison of Iranian and Spanish photographs. Laterality, 
17(5), 515–532.

Pitt, B., & Casasanto, D. (2018). Spatializing emotion: No evidence for 
a domain-general magnitude system. Cognitive Science, 42(7), 
2150–2180.

Raghunathan, R., Naylor, R. W., & Hoyer, W. D. (2006). The unhealthy 
= Tasty intuition and its effects on taste inferences, enjoyment, 
and choice of food products. Journal of Marketing, 70(4), 
170–184.

Rao, C., Vaid, J., & Chen, H. C. (2014). Hemispheric asymmetry in 
word recognition for a right-to-left script: The case of Urdu. In 
H. Winskel & P. Padakannaya (Eds.), South and Southeast Asian 
psycholinguistics (pp. 350–361). Cambridge University Press.

Restle, F. (1970). Speed of adding and comparing numbers. Journal of 
Experimental Psychology, 83(2, Pt 1), 274–278.

Rey, G. D. (2010). Reading direction and signaling in a simple 
computer simulation. Computers in Human Behavior, 26(5), 
1176–1182.

Rietzschel, E. F., De Dreu, C. K. W., & Nijstad, B. A. (2007). Personal 
need for structure and creative performance: The moderating 
influence of fear of invalidity. Personality and Social Psychol-
ogy Bulletin, 33(6), 855–866.

Román, A., Flumini, A., Lizano, P., Escobar, M., & Santiago, J. (2015). 
Reading direction causes spatial biases in mental model con-
struction in language understanding. Scientific Reports, 5(1), 
1–8.

Romero, M., & Biswas, D. (2016). Healthy-left, unhealthy-right: Can 
displaying healthy items to the left (versus right) of unhealthy 
items nudge healthier choices? Journal of Consumer Research, 
43(1), 103–112.

Rugani, R., Vallortigara, G., Priftis, K., & Regolin, L. (2015). Number-
space mapping in the newborn chick resembles humans’ mental 
number line. Science, 347(6221), 534–536.

Rusconi, E., Kwan, B., Giordano, B. L., Umiltà, C., & Butterworth, 
B. (2006). Spatial representation of pitch height: The SMARC 
effect. Cognition, 99(2), 113–129.

Sakhuja, T., Gupta, G. C., Singh, M., & Vaid, J. (1996). Reading hab-
its affect asymmetries in facial affect judgments: A replication. 
Brain and Cognition, 32(2), 162–165.

Santiago, J., Lupiáñez, J., Pérez, E., & Funes, M. J. (2007). Time (also) 
flies from left to right. Psychonomic Bulletin & Review, 14(3), 
512–516.

Schaller, M., Boyd, C., Yohannes, J., & O’Brien, M. (1995). The preju-
diced personality revisited: Personal need for structure and for-
mation of erroneous group stereotypes. Journal of Personality 
and Social Psychology, 68(3), 544–555.

Shaki, S., & Fischer, M. H. (2008). Reading space into numbers—A 
cross-linguistic comparison of the SNARC effect. Cognition, 
108(2), 590–599.

Shaki, S., & Fischer, M. H. (2014). Random walks on the mental num-
ber line. Experimental Brain Research, 232(1), 43–49.

Shaki, S., & Fischer, M. H. (2018). Deconstructing spatial-numerical 
associations. Cognition, 175, 109–113.

Shaki, S., Fischer, M. H., & Petrusic, W. M. (2009). Reading habits 
for both words and numbers contribute to the SNARC effect. 
Psychonomic Bulletin & Review, 16(2), 328–331.

Shiv, B., & Fedorikhin, A. (1999). Heart and mind in conflict: The 
interplay of affect and cognition in consumer decision making. 
Journal of Consumer Research, 26(3), 278–292.

Singh, M., Vaid, J., & Sakhuja, T. (2000). Reading/writing vs handed-
ness influences on line length estimation. Brain and Cognition, 
43, 398–402.

Smith, A. K., Duerksen, K. N., Gutwin, C., & Elias, L. J. (2020). 
Lateral biases in aesthetic and spatial location judgments: 

differences between tasks and native reading directions. Later-
ality, 25(1), 5–21.

Suitner, C., & Giacomantonio, M. (2012). Seeing the forest from left to 
right: How construal level affects the spatial agency bias. Social 
Psychological and Personality Science, 3(2), 180–185.

Suitner, C., & Maass, A. (2011). Writing direction, agency and gen-
der stereotyping: An embodied connection. In T. Schubert & 
A. Maass (Eds.), Spatial dimensions of social thought (pp. 
303–324). De Gruyter Mouton. https:// doi. org/ 10. 1515/ 97831 
10254 310. 303

Suitner, C., & Maass, A. (2016). Spatial agency bias: Representing 
people in space. Advances in Experimental Social Psychology, 
53, 245–301.

Suitner, C., Maass, A., & Ronconi, L. (2017). From spatial to social 
asymmetry: Spontaneous and conditioned associations of gen-
der and space. Psychology of Women Quarterly, 41(1), 46–64.

Tang, Y., Zhang, W., Chen, K., Feng, S., Ji, Y., Shen, J., Reiman, 
E. M., & Liu, Y. (2006). Arithmetic processing in the brain 
shaped by cultures. Proceedings of the National Academy of 
Sciences, 103(28), 10775–10780.

Tosun, S., & Vaid, J. (2014). What affects facing direction in human 
facial profile drawing? A meta-analytic inquiry. Perception, 
43(12), 1377–1392.

Tosun, S., & Vaid, J. (2018). Source vs. stance: on the relationship 
between evidential and modal expressions. Dialogue & Dis-
course, 9(1), 128–162.

Trope, Y., & Liberman, N. (2010). Construal-level theory of psycho-
logical distance. Psychological Review, 117(2), 440.

Tversky, A., & Kahneman, D. (1974). Judgment under uncertainty: 
Heuristics and biases. Science, 185(4157), 1124–1131.

Tversky, A., & Kahneman, D. (1977). Causal thinking in judg-
ment under uncertainty. In R. E. Butts & J. Hintikka (Eds.), 
Basic problems in methodology and linguistics (pp. 167–190). 
Springer. https:// doi. org/ 10. 1007/ 978- 94- 017- 0837-1_ 11

Tversky, B., Kugelmass, S., & Winter, A. (1991). Cross-cultural and 
developmental trends in graphic productions. Cognitive Psy-
chology, 23(4), 515–557.

Vaid, J. (1998). Cultural vs biomechanical influences on a graphic 
production task. Brain and Cognition, 37(1), 75–78.

Vaid, J. (2011). Asymmetries in representational drawing: Alterna-
tives to a laterality account. In T. W. Schubert & A. Maass 
(Eds.), Spatial dimensions of social thought (pp. 231–256). De 
Gruyter Mouton. https:// doi. org/ 10. 1515/ 97831 10254 310. 231

Vaid, J. (2022). Biscriptality: A neglected construct in the study 
of bilingualism. Journal of Cultural Cognitive Science, 6, 
135–149.

Vaid, J., & Singh, M. (1989). Asymmetries in the perception of facial 
affect: Is there an influence of reading habits? Neuropsycholo-
gia, 27(10), 1277–1287.

Vaid, J., Rhodes, R., Tosun, S., & Eslami, Z. (2011). Script direction-
ality affects depiction of depth in representational drawings. 
Social Psychology, 42(3), 241–248.

Vaid, J., Chen, H.-C., & Rao, C. (2022). Biscriptal bilingualism dif-
ferentially affects segmentation of cross-language homophones: 
Evidence from Hindi and English users. International Journal 
of Bilingualism, 26(1), 13–30.

Vaid, J., Singh, M., Sakhuja, T., & Gupta, G. C. (2002). Stroke direc-
tion asymmetry in figure drawing: Influence of handedness and 
reading/writing habits. Brain and Cognition, 48(2-3), 597–602.

White, P. A. (2006). The causal asymmetry. Psychological Review, 
13(1), 132–147.

Wilson, M. (2002). Six views of embodied cognition. Psychonomic 
Bulletin & Review, 9(4), 625–636.

Winter, B., Matlock, T., Shaki, S., & Fischer, M. H. (2015). Mental 
number space in three dimensions. Neuroscience and Biobehav-
ioral Reviews, 57, 209–219.

https://doi.org/10.1515/9783110254310.303
https://doi.org/10.1515/9783110254310.303
https://doi.org/10.1007/978-94-017-0837-1_11
https://doi.org/10.1515/9783110254310.231


862 Psychonomic Bulletin & Review (2023) 30:843–862

1 3

Zaromb, F. M., Liu, J. H., Páez, D., Hanke, K., Putnam, A. L., & 
Roediger, H. L. (2018). We made history: Citizens of 35 coun-
tries overestimate their nation’s role in world history. Journal 
of Applied Research in Memory and Cognition, 7(4), 521–528.

Zebian, S. (2005). Linkages between number concepts, spatial think-
ing, and directionality of writing: The SNARC effect and the 
REVERSE SNARC effect in English and Arabic monoliterates, 
biliterates, and illiterate Arabic speakers. Journal of Cognition 
and Culture, 5(1/2), 165–190.

Zhang, Y., Kwak, H., Jeong, H., & Puzakova, M. (2019). Facing the 
“right” side? The effect of product facing direction. Journal of 
Advertising, 48(2), 153–166.

Open practices statement The authors support open practices, but 
there is no data or program code associated with this paper.
Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Readingwriting direction as a source of directional bias in spatial cognition: Possible mechanisms and scope
	Abstract
	Script directionality: Key questions
	Script directionality effect: Mediators and moderators
	Mediators of script directionality effect
	Space–magnitude association and the mental number line
	Space–time association and the mental time arrow

	Moderators of script directionality effects
	Order of mention
	Construal level
	Ambiguity
	Stimulus processing fluency and personal need for structure
	Bidirectional reading and writing experience


	Malleability of script directionality effect
	Methodological issues and scope of script directionality effect
	Methodological considerations
	Directly compare LR and RL readers
	Account for bidirectional reading
	Avoid proxy measures
	Address generalizability
	Incorporate real-time measures

	Expanding the scope
	Examine RL brain-damaged populations
	Consider moral and epistemic judgments
	Theorize side biases
	Integrate body specificity hypothesis and script directionality


	Conclusion
	Acknowledgments 
	References


