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Abstract

Reference frameworks enable the positioning of objects and individuals within a given space, influencing 
both spatial and social aspects. The egocentric reference framework (ERF) allows individuals to perceive 
their surroundings from their perspective, while the allocentric reference framework (ARF) facilitates the 
establishment of relationships between objects without considering such perspective. Previous research 
on Autism Spectrum Disorder (ASD) has identified potential alterations in reference frameworks. The 
objective of this study was to evaluate, through an analysis of original articles, whether individuals with 
ASD demonstrate impairments in ERF, ARF, or both. The PRISMA-2020 methodology was utilized, and 
the study protocol was registered with PROSPERO under the number CRD42021253755. Data were 
collected from PubMed, ScienceDirect, and SpringerLink, using the following search terms: egocentrism, 
allocentric, spatial, cognition, visuospatial perspective taking, and ASD. Articles meeting the following 
inclusion criteria were selected: published in English between 1980 and 2021, assessing ERF and ARF 
in children, adolescents, and adults diagnosed with autism, Asperger’s syndrome, or ASD according to 
current diagnostic criteria, compared to neurotypical individuals, in tasks involving spatial navigation, 
mental rotation, and visuospatial perspective taking. The exclusion criteria encompassed theoretical 
works, studies evaluating reference frameworks with tasks not included in the specified domains, and 
those outside the fields of psychology, psychopathology, or neuroscience. A total of 964 articles were 
identified, with 15 meeting the predetermined criteria. The risk of bias was assessed using the Quality 
Assessment Tool for Quantitative Studies. The results are presented based on task types: three studies 
reported alterations in ERF, while seven indicated normal functioning; eight demonstrated alterations 
in ARF, while six displayed average functioning. The evidence suggests that individuals with ASD exhibit 
impairments in ARF, but not in ERF. However, these findings are not definitive due to potential biases 
in the studies, heterogeneity in task selection and participant ages, small sample sizes, and variations 
in study designs and procedures. In conclusion, the evidence remains inconclusive regarding the 
impairment of reference framework utilization in individuals with ASD.

Keywords: PRISMA, egocentric reference framework, allocentric reference framework, autism spectrum 
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Introduction

Reference frameworks constitute coordinate systems for 
representing places, objects, or entities from individual 
or multiple points, allowing for the encoding of spatial 
information and situating objects and individuals within 
a context.1 They have an impact on the interpretation 
of the spatial and social world.2,3 There are two 
modalities of reference frameworks: egocentric reference 
framework (erf) and allocentric reference framework (arf).

In the erf, individuals take themselves as the point of 
reference and interpret spatial relationships based on 
what they see, perceive, and think in relation to objects 
or subjects, without considering the perspective of others, 
establishing a "me-you" relationship.4 A visuospatial 
example would be "the pencil is next to me," and according 
to social cognition, "She is my sister."

In the arf, individuals establish relationships between objects 
or individuals independently of themselves. This framework 
allows them to put themselves in the place of others to interpret 
the surrounding world, establishing a "you-he/she-they" 
relationship.4 A visuospatial example would be "the pencil is 
next to the printer," and according to social cognition, "she is 
Juan's daughter."

Both reference frameworks are of great importance for 
cognitive processes such as perception, spatial memory, and 
motor actions,5 which are necessary for navigating within 
the physical context and in social cognition processes.5,6 
Regarding social cognition, theory of mind (ToM) is fundamental 
as it allows for the understanding that individuals have 
independent minds and also utilize egocentric and allocentric 
positions, similar to visual perception. In this way, the mind of 
others can be interpreted from one's mind or as independent.4

Some conditions affect the utilization of reference 
frameworks, such as Alzheimer's disease,7 attention deficit 
hyperactivity disorder,8 and Autism Spectrum Disorder (asd).4

asd can be defined as a clinical neurodevelopmental 
entity characterized by the presence of restricted and 
repetitive behavior patterns, such as motor stereotypies, 
as well as insistence on sameness and atypical interests 
due to their intensity and scope. It also presents 
deficiencies in social communication, including alterations 
in social relationships, non-verbal language, socio-
emotional reciprocity,9 and language pragmatics.4

The prevalence of asd in Mexico is estimated at 87 cases per 
10,000 individuals,10 with a male-to-female ratio of 3:1.11 
In 75% of cases, the causes are multifactorial and unknown, 
while the remaining 25% is associated with syndromic 
situations, chromosomal alterations, variations in the number 
of copies of genome parts, and other rare genetic variations.12

Individuals with asd exhibit particular characteristics in their 
cognitive processes, including memory, attention, language, 
executive functions, and perception. In the domain of 
perception, they tend to focus on details and have difficulties 
establishing interactions between environmental elements 
(objects, people, and situations), instead focusing on a one-to-
one relationship with these elements. This limited understanding 
stems from their partial interpretation. Conversely, 
neurotypical individuals (NT), those with typical development, 
perceive and comprehend all contextual information 
holistically rather than treating each part independently.13

The preferential use of erf can be related to the typical social 
behaviors observed in asd, such as difficulties in initiating 
or maintaining social interactions, following or initiating 
joint attention, understanding and using gestures, as well as 
emotional reciprocity.4

Previous research has found that individuals with asd exhibit 
alterations in spatial and temporal representations,14 with 
significant difficulties in both egocentric and allocentric reference 
frameworks. These have been assessed through cognitive 
tasks15,16 as well as neuroimaging studies.17,18 However, the 
presented results are ambiguous. For example, Turi et al.19 found 
differences only in the allocentric reference framework, while 
other studies have shown alterations in both frameworks.20,21

In the literature search, a previous systematic review related 
to the topic of reference frameworks in asd was identified.2 
However, it only addressed aspects of visuospatial 
perspective-taking and did not differentiate between erf 
and arf. Moreover, it did not include studies evaluating 
reference frameworks in spatial navigation. It is worth noting 
that separately identifying the use of reference frameworks 
allows for a broader understanding of their utilization in 
individuals with asd and their potential relationship with 
the social impairments present in the autism spectrum.

The overall objective of this review was to evaluate, through 
the analysis of empirical (original) articles, whether individuals 
with asd exhibit alterations in the egocentric reference 
framework, the allocentric reference framework, or both, 
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in tasks involving spatial navigation, mental rotation, and 
visuospatial perspective taking.

One area of deficit in asd is social communication, which 
could be linked to the reference frameworks, as they enable 
the interpretation of both spatial and social aspects. Gaining 
clarity on their functioning will contribute to understanding the 
cognitive profile of this population and designing intervention 
programs.

Method

This study constitutes a systematic review based on the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2020 (PRISMA-2020) statement.22 The protocol 
for this review was registered on the PROSPERO platform 
with the registration number CRD42021253755 (https://
www.crd.york.ac.uk/prospero/display_record.php?ID=CRD
42021253755). The entire procedure was conducted by two 
independent researchers, and disagreements were resolved 
through a third reviewer.

Procedure
The search was conducted in the months of July and August 
2021, using the databases PubMed, ScienceDirect, and 
SpringerLink, with the following keyword combination:
• (((EGOCENTRISM) AND (ALLOCENTRIC)) AND (SPATIAL 

COGNITION)) AND (ASD)
• ((AUTISM SPECTRUM DISORDER) AND (ALLOCENTRIC)) 

AND (EGOCENTRIC)
• ("ASD") OR ("ASPERGER") OR ("AUTISM") AND ("ALLOCENTRIC" 

OR "EGOCENTRIC" OR "SPATIAL COGNITION")
•  (((ASD) OR (ASPERGER)) OR (AUTISM)) AND (VISUOSPATIAL 

PERSPECTIVE TAKING)

 » Inclusion criteria: articles published between 1980 and 
2021, written in English, that evaluated the egocentric and 
allocentric reference frameworks in children, adolescents, 
and adults diagnosed with autism, Asperger's syndrome, 
or asd according to the diagnostic criteria in effect at the 
time of publication (DSM-III, DSM-III-R, DSM-IV, DSM-IV-
TR, DSM-5, ICD-9, or ICD-10), compared to neurotypical 
individuals, in tasks involving spatial navigation, mental 
rotation, and visuospatial perspective taking. Only articles 
in the English language and published after 1980 were 
included due to preliminary exploration indicating that 
relevant documents were primarily in English and dated 
from that decade. The end date was set as 2021, the time 
of protocol development, to avoid excluding recent studies.

 » Exclusion criteria: theoretical works, studies that evaluated 
reference frameworks with tasks not included in the inclusion 
criteria, and those not belonging to the fields of psychology, 
psychopathology, and neuroscience. The thematic area was 
identified in the background and methods sections of the 
articles.

Selection
In the initial search, 964 articles were found, and each 
of them was recorded in a spreadsheet. They were sorted 
alphabetically, and six duplicate documents were manually 
removed. By reading the title, abstract, and keywords, 927 
articles unrelated to asd and reference frameworks, as well 
as tasks involving visuospatial perspective taking, spatial 
navigation, and/or mental rotation, were excluded. Systematic 
reviews and theoretical works were also manually removed, 
resulting in a total of 31 articles.

The 31 selected articles were read in their entirety, and 20 of 
them were eliminated for not providing specific information 
about erf or arf or because their comparison group was not 
neurotypical, leaving a total of 11 articles. During the reading, 
nine citations were found that did not appear in the general 
database search. These articles were obtained through Google 
Scholar, and two of them were discarded for not having 
a control group, while three others were excluded for not 
providing separate results for the reference frameworks. As a 
result, five articles were excluded, and four were included in the 
sample (screening available at [https://www.dropbox.com/s/
pqvhcbomlwf8ii1/Material%20en%20l%C3%ADnea.%20
RS_Estudio%20del%20uso%20de%20marcos%20de%20
referencia%20en%20el%20TEA.zip?dl=0]). In total, 15 
articles were included in the final sample, which met the 
inclusion/exclusion criteria and the objective of this review 
(Chart 1).

Data extraction and analysis
The following data were recorded in an Excel spreadsheet: 
author, date, number of participants, study group and control 
group, gender, age, country, design, objective, inclusion/
exclusion criteria, task, procedure, study results, and 
contributions. Subsequently, those with similar results were 
selected for presentation in the synthesis.

Risk of bias assessment
The risk of bias in each of the 15 included articles was evaluated 
using the Quality Assessment Tool for Quantitative Studies,23 
developed by the Effective Public Health Practice Project 
(https://www.nccmt.ca/knowledge-repositories/search/14). 
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Articles retrieved from:
Pubmed (N =66)
ScienceDirect (N =167)
Springer link (N =731)
Total (N =964)

Study identification in databases and registries Identification through other means

Examined 
(N =958)

Requested for retrieval 
(N =0)

Assessment for eligibility (N =31)

Articles included in the review 
(N =11+4=15)

Excluded: no control group, no 
specific framework information 

(N =20)

Excluded: no control 
group, no separate 

framework information 
provided 
(N =5)

Not retrieved 
(N =0)

Excluded: systematic reviews, 
theoretical works, and irrelevant 

to inclusion criteria.

Requested
(N =0)

Retrieved 
(N =0)

Evaluated 
(N =9)

Removed before selection: 

Duplicates
(N =6)

Cited in the articles: 

Google Scholar
(N =9)
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Chart 1. PRISMA Flow Diagram
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Figure 1. Risk of Bias

This tool consists of eight sections: selection, design, 
confounders, blinding, data collection methods, withdrawals 
and dropouts, intervention integrity, and analysis. The 
tool provides an overall methodological rating of strong 
(low risk), moderate (moderate risk), or weak (high risk).

For this review, a modification was made to the tool in the 
confounders section. The variables of race, marital status, 
and pre-intervention were eliminated as they were not 
relevant to the evaluated studies. In the education variable, 
intellectual quotient, verbal quotient, and mental age 
were used as they are important variables to control when 
comparing neurotypical individuals and individuals with asd.

Overall Score

F) Losses and dropouts

E) Data collection methods

D) Blinding

C) Confounders

B) Study design

A) Selection

Low Moderate High

Data synthesis
The p-value was used as a measure to identify the presence or 
absence of alterations in the reference frameworks. In articles 
that reported additional information, only relevant data for this 
study were extracted.

Results
Risk of Bias
The 15 articles included in this review were evaluated for risk 
of bias. The results showed that four studies had an overall 
low risk of bias, six had a moderate risk, and five had a high 
risk (Figure 1). The two sections with the highest bias were 
withdrawals and dropouts and confounding variables (Table 1).
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Author Selection
Design 
Blinding

Confounders Cegamiento
Collection 
Method

Losses and 
Dropouts

Overall

Tan y Harris47 M M M M L H M

Pearson et al.33 M M H M L H H

Reed y peterson44 M M H M L H H

Yirmiya et al.39 M M L M L L L

Cardillo et al.42 M M L M L H M

Gauthier et al.21 M M M M L H M

Zwickel et al.43 M M H M L H H

David et al.35 M M M M L H M

Schwarzkopf et al.24 M M L M L H M

Pearson et al.37 L M L M L H M

Conson et al.20 L M L M L L L

Turi et al.19 H M M M L H H

Ring et al.14 L M L M L L L

Umesawa et al.28 M M H M L H H

Doi et al.25 M M L M L L L

 Risk of Bias A= high M= moderate L= low

Table 1. Risk of Bias

The included articles are presented grouped according to the evaluated reference framework and the presence or absence of 
alterations (Table 2). The main findings are described below.
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Author Country ASD Controls Task Reference Frame Results

Tan  y Harris47 UK
N=20

A=7.3-19.1
(M=12.8)

N=20
A=5.1-7.1
(M=6.11)

Verbal Semiecological
Objects in various positions

What can John and Mari see?
Allocentric No significant differences 

found 

Pearson et al. 33 UK

N=30
G=27M 3F
A=5.1-13.6 

(M=9.3)

N=30
G=18M 12F
A=4.7-11.3
(M=6.83)

Non-verbal semiecological
Rotating disc: What image will you 

see when the container is lifted? What 
image will Jim see when he lifts the 

container? 

Egocentric

Allocentric 

No significant differences 
were observed in ERF 

and ARF

Reed y peterson44 Australia

N=13
11M 2F

A=4.3-29.11 
(M=12)

N=13
A=3-15.9
(M=7.1)

Non-verbal semiecological
“Make Joe hide from Sam”

“Rotate the disc so that I can see...” 
Allocentric No significant differences 

detected

Yirmiya et al.39 United 
States

N=18
G= 17M 1F
A=9.3-16.10

N=14
G= 13M 1F
A=9.3-14.6

Non-verbal semiecological
“Rotate the disc so that I can see the 

same as you” 
Allocentric Significant differences 

detected

Cardillo et al.42 Italy

N=36
G=34M 2F

A=8.0-16.10 
(M=10.10)

N=39
G=36M 2F
A=8.0-16.8 
(M=11.3)

Pen and paper, non-verbal
“Imagine that you are... and point” Allocentric

Significant differences 
were observed between 0° 

and 60°
No significant differences 
were observed between 

60°-120°

Gauthier et al.21 France

N=26
21M 5F
A= 6-19
(12.65)

N=38
23H 15M
E= 6-19

(M=12.03)

Non-verbal 3D ecological
Imitate the left-right tilt movement of 

the tightrope walker from the front and 
back

Egocentric
Allocentric

Significant differences 
in ERF

No significant differences 
in ARF

Zwickel et al.43 Germany N=19
A= (M= 37)

N=18
A= (M= 39)

Computer-based
Right-left decision of a point relative to 

a triangle 
Allocentric Significant differences 

detected

David et al.35 Germany

N=19
G=11M 8F
A=23-50 
(M=36)

N=15
G=4M 11F
A=21-43
(M=31.2)

Computer-based, non-verbal
Left-right decision of a raised object 
from one’s own/other perspective 

Egocentric
Allocentric

No significant differences 
were detected in ERF 

and ARF

Schwarzkopf et al.24 Germany

N=16
G=9M 7F
A=29-54 
(M=44)

N=15
G=4M 11F
A=29-53
(M= 42.9)

Computer-based
Verification of the number of disks from 

one’s own/other perspective 

Egocentric
Allocentric

No differences were 
observed in ERF

Significant differences 
observed in ARF

Pearson et al.37 UK

N=18
G=17M 1F
A=16-32 
(M=19.7)

N=18
G=17M 1F
A=16-29
(M=18.5)

Computer-based
“Same/Different”

Left-right decision of arm/door 
Egocentric Significant differences 

detected

Conson et al.20 Italy
N=22

G=20M 2F
A=(M=13.3)

N=22
G=20M 2F

A= (M=13.5)

Computer-based
Right-left decision of a bottle from one’s 

own/other perspective 

Egocentric
Allocentric

Without visual cues/
grasping:

Significant differences 
observed in ERF

No significant differences 
were observed in ARF

Turi et al. 19 Italy

N=19
G= 16M 3F
A=8-16.5
(M=11.5)

N=18
G= 14M 4F

A=8-17
(M=11.9)

Computer-based
“Bodily points simulation of pressing”

Egocentric
Allocentric

No significant differences 
were observed in ERF
Significant differences 

observed in ARF

Ring et al.14 UK

N=26
G=23M 13F

A=24-63 
(M=38.81)

N=26
G=18M 8F
A=22-61
(M=42.12

Computer-based, virtual spatial navigation, 
non-verbal

Shortest route
Left-right decision of a circle 

Egocentric
Allocentric

No differences were 
observed in ERF

Significant differences 
observed in ARF

Umesawa et al.28 Japan

N=17
G=14M 3F
MA=20.9

N=17
G=10M 7F
MA=19.5

Computer-based
Touch the screen where a stimulus 
appeared, taking into account or 

disregarding the screen frame 

Egocentric 
Allocentric

No significant differences 
were observed in ERF
Significant differences 

observed in ARF

Doi et al.25 Japan
N=20

G=20M
MA=31.9

N=18
G=18M

MA=32.2

Computer-based
Verify the number of disks from one’s 

own/other perspective 

Egocentric
Allocentric

No significant differences 
were observed in ERF
Significant differences 

observed in ARF

Table 2. Characteristics of the included studies
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Studies that evaluated both reference frameworks
Nine studies evaluated both reference frameworks 
simultaneously, and five found alterations in the arf but not 
in the erf. Schwarzkopf et al.24 and Doi et al.25 used the dot 
perspective paradigm.26 The results of Schwarzkopf et al.24 
showed slower reaction times in the asd group compared to 
the NT group when responding to the avatar's perspective 
(allocentric) vs. their own perspective (egocentric) (p < .005). 
The results of Doi et al.25 were similar, as they found significant 
differences in the arf (p = .049) but not in the erf (p > .16).

Ring et al.14 used a virtual spatial navigation task adapted from 
Feigenbaum and Morris.27 They did not find differences in the 
erf between groups (p = .82), but individuals with asd spent less 
time in the allocentric quadrant (p < .05). Umesawa et al.28 
employed the paradigm by Uchimura et al. 29 Errors influenced 
by the arf (p = .001) were greater than errors influenced by the 
erf (p = .55). Turi et al.19 used a procedure similar to that of 
Tinelli et al.30 In the egocentric condition, there were no significant 
differences (p = .22); however, individuals with asd showed 
lower allocentric sensitivity (p = .0001) than NT individuals.
On the other hand, two studies found alterations in the erf 
erf and absence of alterations in the arf. Conson et al.20 
used the task by Mazzarella et al.31 The results showed 
significant differences in the erf (p < .006) but not in the arf 
(p > .05) when individuals did not provide any visual cues 
or object support. Gauthier et al.21 applied an ecological 3D 
task, with an adaptation of the tightrope walker paradigm.32 
Individuals with asd showed lower performance in the erf 
(p = .017) and similar performance in the arf (p = .19).

Two other studies did not find alterations in either the erf 
or the arf. Pearson et al.33 used a task based on Hamilton 
et al.34 designed to evaluate both reference frameworks. 
The results did not show significant differences in the task-
by-group interaction: visuospatial perspective taking of self 
and others was similar in asd and NT individuals (p = .684). 
David et al.35 employed the task by Bewernick et al.36 There 
were no significant differences in visuospatial perspective 
taking of self (p > .05) or visuospatial perspective taking of 
others (p > .05).

Studies that evaluated only one reference framework
This section includes one study that assessed the erf and five 
studies that evaluated the arf.

Pearson et al.37 used a paradigm similar to Zacks et al.,38 which 
is solved from an erf. Their results showed that individuals with 

asd had lower accuracy in the erf than NT individuals (p = 
.038) and were slower (p = .001).

Furthermore, the results of Yirmiya et al.39 showed that 
individuals with asd experienced greater difficulties than NT 
individuals in perspective taking from the arf (p < .05). Similar 
results were obtained by Zwickel et al.,40 who modified and 
used the Frith-Happé animation task,41 where the asd group 
had a higher number of incorrect responses than NT individuals 
in visuospatial perspective taking from the arf (p < .05).

Cardillo et al.42 employed a paper-and-pencil task 
adapted from Kozhevnikov and Hegarty.43 The results 
showed that individuals with asd were less accurate than 
NT individuals in the visuospatial perspective-taking task 
from the arf when stimuli were between 0°-60° (p = .04). 
However, between 60°-120° and 120°-180°, the responses of 
both groups were comparable, and no significant differences 
existed (p = .77, p = .11).

Reed and Peterson44 used two tasks, one based on Huges 
and Donaldson45 and the other on Fishbein et al.,46 where 
no significant differences were found between groups in 
visuospatial perspective taking from the arf (p > .20). These 
same findings were obtained by Tan and Harris,47 who 
employed two semi-ecological verbal tasks to assess the arf, 
and the results did not show significant differences (p = n.s.).
In summary, the analysis of the tasks used in the 
included studies shows that three of them demonstrated 
differences in the use of the erf,21,22,20 while seven reported 
similar performance in both groups.25,36,38,19,14,45,47 In 
the arf, eight tasks showed differences,30,31,32,38,19,14,45,47 
while six reported unaltered performance.27,24,36,25,21,20

Upon analyzing the results, no specific pattern was found 
where the type of task (verbal, semi-ecological, or computer-
based) influenced the observed heterogeneity. However, the 
task design, differences in cognitive demand, and disparities 
in the samples, both in chronological age and sex, could 
be the determining factors of the variability in results. These 
discrepancies will be discussed in the following section.

Discussion

This review aimed to identify whether individuals with asd 
have difficulties in the erf, arf, or both reference frameworks, 
which are necessary for visuospatial perspective-taking to the 
theory of mind.2
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Some authors mention that individuals with asd have a 
preference for using the erf over the arf.15,16 However, the 
evidence is not strong enough to support it as an undeniable 
fact. The difficulty in interpreting gestures and facial 
expressions, the tendency to only talk about their interests, 
the challenges in respecting turns, and their tendency to 
speak their mind and present facts without the subtleties of 
NT individuals4,9,13 are clear examples of interpreting the 
world based on the erf.

In this review, the paradigm that appears to have greater 
reliability for assessing reference frameworks is the one 
by Samson et al.,26 used by Schwarzkopf et al.24 and 
Doi et al.27 These studies had a moderate and low 
risk of bias, were conducted on a computer (virtually), 
and required lower cognitive and language demand.

On the other hand, not all authors consider that there 
are inherent alterations in the erf or arf. The hypothesis 
they propose is that the difficulty lies primarily in the 
transition between frameworks,4 as both spatial and social 
cognition depend on the situation and require constant 
switching between the erf and arf to adapt to the context 
and achieve appropriate interpretation and response.

Studies on grasp spatial ability support the hypothesis that 
each reference framework provides important information for 
action but constantly switching between them and synergistic 
work are necessary. Failure to do so can lead to errors in 
spatial skills.53

Among the limitations found in this systematic review are 
the use of three databases for article search and the lack 
of Spanish studies in those databases, which resulted in the 
inclusion of only English articles and the exclusion of potentially 
representative studies from the Spanish-speaking population. 
Another limitation was the heterogeneity of samples in terms 
of age, intelligence, language level, and task design (e.g., 
verbal or non-verbal, higher or lower cognitive demand).

Conclusion

The main objective of this study was to conduct a systematic 
literature review spanning the past 21 years on the utilization 
of frames of reference in individuals with Autism Spectrum 
Disorder (asd). The evidence indicates that the erf demonstrates 
functioning comparable to that of NT, while the arf exhibits 
altered functioning. However, caution is warranted when 

The evidence leans, but is not conclusive, towards individuals 
with asd not having difficulties in the arf,33,35,24,19,15,28 although 
a minority of studies did detect alterations.21,37,20 This could be 
explained by differences in the tasks. For example, in Pearson 
et al.,33 the avatar rotated at angles, and at 140° and 180°, 
the task required mental rotation to be solved, while in David et 
al.,35 the avatar remained in the same position, eliminating the 
need for mental rotation. In Gautier et al.,21 the back-facing 
task requires not only the use of the erf but also immediate 
imitation, in which individuals with asd have limitations.48,49 

Therefore, it cannot be determined that the erf functions 
the same way in individuals with asd as in NT individuals.

On the other hand, the majority of evidence suggests that 
individuals with asd have difficulties in tasks that require the 
use of the arf,39,42,40,24,19,15,28,27 although other studies did 
not find alterations.47,33,44,21,35,20 It is important to note that 
young children are capable of using the arf, but it is not 
until around the age of 10 that it is used more efficiently. 
Age plays an important role during childhood and 
adolescence, with greater efficiency as individuals get 
older.50 Therefore, the higher chronological age of 
the asd sample and the lower age of the NT group23,34 
could explain the absence of differences in the arf.

In addition to age, another uncontrolled variable in the 
samples of the evaluated studies was sex. The scientific 
literature acknowledges that activation in the brains of males 
and females differs in the use of reference frameworks in 
visuospatial tasks, with males outperforming females.51,52 This 
variable may have influenced the results of the studies, as in 
David et al.35, the NT sample consisted of three times more 
females than males, while the asd sample had more males 
than females. Similarly, in Pearson et al.,33 the NT female 
sample was four times larger than the asd female sample.

In the assessment of bias, a large number of publications 
were identified with moderate47,21,35,19 and high33,44,43,28 
risk in the confounding variables section, particularly in 
controlling for verbal age, where studies that reported 
this measure only assessed vocabulary. It should be 
noted that individuals with asd can have vocabulary 
at or above their chronological age but may have 
impairments in comprehension and expression.12,13 The 
need for greater comprehension capacity in the provided 
instructions and/or in generating responses could be 
related to the heterogeneity of results. Properly matching 
asd and NT samples and using tasks with lower language 
demands would provide greater certainty in the results.
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