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ABSTRACT

Reference frames (or frames of reference) show how the knowledge of object organization is formed in the
environment by the physical movement of the person or the environmental conditions where the representation
takes place. This paper examines the formation of reference frames in memory to represent the spatial structure of
large-scale outdoor environments, due to the lack of consideration in the research background, the lack of attention
to the scale of the formation of reference frames, and the lack of ecological validity in other studies. For this purpose,
two types of tests are used in this paper to change the scale of the environment as well as pointing targets. In one test,
familiar and unfamiliar participants are introduced to the positions of the three building triads, by walking the path
that encompasses each group. Then, maps are presented to them along with the representation of these three groups
in five different directions (0-180 degrees), and they judge whether each triple group is correctly represented based
on the relative positions of the buildings. In another test, participants are introduced to the position of eight unknown
objects in a pedestrian-oriented environment, moving in two pre-programmed and inscribed paths (one path aligned
with the sidewalk and the other misaligned, at a 45-degree angle). Then, participants use their memory, pointing
to objects as targets. In both tests, the dependent research variables are the pointing accuracy and the latency in
responding to the examiners’ questions. The results show that the positions of unfamiliar buildings are subjectively
represented as egocentric reference frames. The allocentric frame of reference is defined by the environment when
the environment is familiar, and the representation also tends to allocentric, as humans become familiar with
the environment. On the other hand, object positions are subjectively represented in regular environments and
distinctive by the geocentric frame, but are selected based on egocentric experience.
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1. INTRODUCTION

Humans use two main reference frames, i.e., egocentric
and allocentric, to represent spatial information (Ball,
Birch, Lane, Ellison, & Schenk, 2017, p. 42; Paillard,
1991). Allocentric frames are categorized into three
categories: object-centered', environment-centered?,
and geocentric® (Levinson, 1996, p. 123), and this was
first described by Piaget & Inhelder (1997, p. 128).
Egocentric reference systems determine the position
and orientation of an individual with respect to the
organs of the body such as the eye, the head, and the
coordinates of the body. These frames are determined
by the position of the viewer in space; therefore,
subsequent access to the stored spatial information
depends on how the body’s position information is
encoded. These representations are often defined as
orientation or orientation-dependent characteristics
(Li, Karnath, & Rorden, 2014; Shelton & McNamara,
2001, p. 283; Waller, Montello, Richardson, &
Hegarty, 2002, p. 1060). When forming an egocentric
representation, it is easier to retrieve spatial
information from experienced landscapes compared to
new landscapes, and mental rotation processes need to
be compared, such as when you enter a city from the
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north and define the environment for yourself based
on the egocentric reference frame. However, you will
be mistaken in recognizing the correct direction of the
city until you know the city better and get familiar
with it, since the back is always facing south and the
forward facing north, as defined by the inner reference
frame (Boer, 1991, p. 7; Hintzman, O’Dell, & Arndt,
1981, p. 202; Tachini & Logie, 2003, p. 730; Roskos-
Ewoldsen, McNamara, Shelton, & Carr, 1998, p.
218). On the other hand, allocentric reference frames
are independent of the viewer position and dependent
on external elements, such as objects and other
environmental characteristics (McNamara, Rump,
Werner, & Review, 2003, p. 590; Mou & McNamara,
2002, p. 168; Shelton & McNamara, 2001, p. 302
(Figure 1 shows the graphical representation of these
two types of representation). Spatial information stored
in this case will not be affected by egocentric points of
view, which were originally acquired. For this reason,
allocentric spatial representation is often independent
of orientation or with a free orientation (Roskos-
Ewoldsen, McNamara, Shelton, & Carr, 1998, p. 220;
Waller, Montello, Richardson, & Hegarty, 2002, p.
1058).
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Fig. 1. A Schematic Illustration of How an Egocentric Reference Frame is Represented on the Right and an
Allocentric One on the Left
(Proulx, Todorov, Taylor Aiken, & de Sousa, 2016)

Some places are used for testing the statistical
population to examine how reference frames are used
by humans. In this paper, by examining the results
of other researchers, by and large, it is still unclear
whether spaces at a different scale with the samples
under study are represented with navigation capability
for direct exploration based on egocentric or allocentric
reference frames. In addition, the experimental
conditions of other studies are often static, or only a
limited range of participants have moved into other
researchers’ tests. The lack of ecological validity led
this paper to the point of generalizing results from a
room-scale* context to real and complex environments
because the reference frames are usually different
in scope and spatial scale in which they are tested
(Tachini, Ruggiero, & Ruotolo, 2014, p. 80; Siegel,
Krasic, & Kail, 1978, p. 253). Accordingly, the
role of egocentric and allocentric reference frames
in recognizing and recalling large-scale outdoor

environments has been less studied. Another factor that
has not received sufficient attention in previous studies,
namely the spatial representations of the environment,
is real and test-based, which may alter the outcome of
the experiment. Since previous research tested spatial
memories experimentally, thus not manipulating the
characteristics of participants’ learning environments
or learning experiences (Werner & Schmidt, 1999, p.
470) or required observers to learn small-scale spaces
from fixed view situations (Shelton & McNamara,
2001, p. 302), the theoretical framework test occurs
in this paper in a large-scale outdoor environment.
The main purpose is to identify the dependence or
independence of the memories of large-scale spaces
on their orientation and how they are represented to
point to small and large targets for perception, which
are changed in this paper methodically and by type
of test, unlike other studies. Although a multitude of
evidence suggests that the memories of small-scale



spaces are dependent on orientation (such as specific
landscapes, familiar locations are usually better
detected and retrieved than other landscapes), some
findings suggest that large-scale spatial memories may
be independent of orientation (Evans & Pezdek, 1980,
p- 22; Richardson, Montello, & Hegarty, 1999, p. 728;

Richardson, 1981, p. 250).

2. LITERATURE REVIEW

Recent research suggests that the structure of the
environment can affect the relative access to its
remembered views, and even the ability to represent
the views experienced subjectively. Shelton and
McNamara (2001) tested the relative importance of
egocentric and geocentric reference systems in the
memory of one-room spaces. In the third test, the
objects were placed on a square mat that had a rotational
position relative to the wall of the room containing
it. Participants understood the design from two fixed
viewpoints, one aligned and the other misaligned
with mattresses and room walls. After identifying
the design, participants judged the relative directions
using memory. Participants had quite accurate pointing
to the objects of imagined views that were parallel to
the aligned view under study. Observers who initially
recognized the aligned view encoded the spatial
structure of the design in reference systems aligned
with points of view, using, for example, axes defined
by the edge of the mattress and the walls of the room.
As participants move to misaligned points of view,
they still define the design as a reference system that
has been established in an aligned view, as if they are
now looking at a familiar object in a new orientation.
Therefore, the direction parallel to the aligned view had
the best performance and relative direction judgments,
and there was no good performance for the orientation
parallel to the misaligned view with respect to the new
orientation. Observers who first learned the misaligned
view should have also interpreted the space based on
the reference system by which the view is defined
(Blajenkova, Motes, & Kozhevnikov, 2005, p. 109;
Shelton & McNamara, 2001, p. 310). One approach
to architectural interior space is the direct approach
outlined in Dehghan’s research (2019, p. 93). When
using this approach, with the alignment and the distinct
indoor edge continuity, the participant continues to
position himself as horizontally as possible, no matter
what changes occur in the different floors, and his or
her loss rate may even increase.

In spatial memory literature, in many studies with
guiding (antecedent) factors, spatial data are stored
in egocentric and allocentric ways. In a key study
conducted by Evans & Pezdek (1980, p. 20) and
Ohtsu (2016), participants familiar with and unfamiliar
with the campus of San Bernardino University were
compared. They tested spatial knowledge of campus
and US buildings from a participant position’s point of
view to find out whether or not they processed similarly
with visual stimuli, often used for mental rotation
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studies (Hund, 2016, p. 237; Shepard & Metzler,
1971, p. 700). Unfamiliar participants identified
the environment through the map, while familiar
participants relied on their long-term experience with
the environment. The enclosure was introduced to all
participants using maps representing the positions in
the triple groups of buildings, and they had to judge
whether or not each triple building complex correctly
represented the interrelationships between positions.
Triple sets rotated at different angles from 0° to 180°.
Evans and Pezdek found that the effects of mental
rotation occurred only for states rather than familiar
buildings. However, the effects of rotation again
occurred when buildings were unfamiliar. These
results show that learning creates spatial relationships
by providing orientation-dependent representations
through maps. In contrast, when spatial information is
obtained directly from the real world, this environment
is experienced from several points of view, which may
result in representations independent of orientation.
However, the authors recognized that it was difficult to
separate the two arguments about whether familiarity
on its own or how spatial information could produce
a pattern of results. Consequently, Evans and Pezdek
(1980) compared several studies with a careful
comparison of maps and orientation spaces.

In the study by lachini & Logie (2003, p. 730),
participants had to learn the locations of several
buildings in an unfamiliar environment, on the
Aberdeen campus in Scotland, by walking the paths
around these buildings. Then, they have to answer their
positions on a 3D map by viewing each building from
various points of view, with viewing angles between
0 and 180 degrees from the starting position. The
results showed the clear effect of the angle difference
between the new and original points of view; therefore,
the spatial representation was egocentric. The two
tests were performed with deductive functions, one
with varying degrees of familiarity with the campus
at one time (Foley & Cohen, 1984, p. 726; Roger,
Bonnardel, & Le Bigot, 2011, p. 196) and the other at
the ‘estimation of distance and direction’ step (Siegel,
Krasic, & Kail, 1978).

As noted in the introduction of the article, since
there has been little research on large-scale outdoor
environments in the literature, and that most of the
pointing targets were fixed and large buildings,
even the small number were carried out in outdoor
environments, in previous research tests, this paper
attempts to investigate the purpose of this research,
which is to obtain the representation of egocentric and
allocentric reference systems in this environment and
to arrange these representations considering how the
participants in the research test stages are acquainted
with the scale of the participants’ reference targets in
the large outdoor environment. As a result, as shown
in Figure 2, a large-scale urban environment and two
tests were used to perform this test. The relevance of
the first test to the theory of research lies in the retest
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of the theory of Evans and Pezdek (1980), who view
the evolution of human representation through the
development of experience and spatial knowledge
from egocentric to allocentric. However, in their test
method, they extracted data from the participants
verbally that may not be error-free (in the “Research
and Discussion” section, you will find the differences
between the two). The second test, done by changing

the scale of the pointing targets and the researcher’s
manipulation, shows a sharp difference in the
representation of two aligned vs. misaligned directions
according to McNamara’s theory, and he believes
that the aligned views are associated with a faster
understanding for the viewer. McNamara has done this
test in the room environment with its interior furniture.

The evolution of the research model from the research background, 1. Retest of the theory of Evans
and Pezdek, 2. Changing the scale of pointing targets and using two aligned and misaligned
inscribed paths taken from McNamara's research

Large-scale
pedestrian-oriented
urban space

Note the

differences in the
scale of the targets
intended to point

Similarity to the
Evans and Pezdek
tests to quantify the

Retesting the theory,
that the evolution of
reference systems in

Testing human spatial knowledge with different rotations
environments and different pointing targets

Weak background in spatial representation in spatial-scale

with respect to
changes in
participants' spatial
knowledge

Impact of gender,
level of familiarity
with the
environment,  and
accurate
representation of
pointing targets after
viewing

Fig. 2. Research Formation in Two Independent Tests Using Critique and Validation of Research Background
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3. RESEARCH METHODOLOGY

This paper uses an empirical research approach to
access and analyze data. Since the egocentric reference
system is used to identify and enhance spatial
knowledge in large-scale environments, pointing
targets have been used under large-scale (urban-
scale) environmental conditions to test this system. In
this paper, reference systems were tested in outdoor
environments in addition to large-scale environments,
because there was less research on the knowledge and
use of reference systems in outdoor environments
(McNamara, Rump, & Werner, 2003, p. 590). On
the other hand, targets were used to point and test
participants at different scales, to identify allocentric
reference systems; one was the existing buildings in
the test environment, and the other was objects that
could be manipulated at points where lines aligned and
misaligned with the main sidewalk intersect, which
will be described in two different tests later. After each

test, participants will have familiarity levels and a
different process for identifying the environment and
collecting data. Given the importance of environmental
features, a typical environment was selected, featuring
two main streets with a T-shaped intersection of 31685
m?2. The bed of this test is a very extensive pedestrian-
oriented area in Isfahan’s administrative-commercial
district (District A), which encompasses ten buildings
and reaches Imam Khomeini Square in Isfahan (Fig.
3).

3.1. Participants

In this paper, participants were selected by stratified
random sampling. In the first test, 36 subjects
participated, 18 familiars (9 males and 9 females)
aged 21-28 years, and 18 unfamiliars (9 males and 9
females) aged 21-28 years. Familiar participants worked
in several buildings in District A, selected because of
their commuting to the offices there. They agreed to



voluntarily participate in this test. All familiar participants
had worked there in the selected area for one to five
years prior to the test. Furthermore, they all crossed the
two main streets every day to reach their workplaces.
The unfamiliar participants had never seen District A
before the test. They were undergraduate freshmen who
had come from Isfahan Industrial and Payam-e-Noor
universities and from surrounding cities to Isfahan. In the
second test, unfamiliar participants different from the first
test were used, including 24 students (12 females) aged
20-25 years from Isfahan University of Technology, with
prior consent.

3.2. Field of the test and its components

First Test: Among the various business-administrative
areas, District A was selected as a field for this test.
The main buildings of District A were plotted in a two-
dimensional black and white map, as shown in Figure
3. In this area, nine buildings were selected according
to the following criteria. Buildings in this area could be
navigable without any problems, as well as form triples
of buildings that could be seen from all similar points of
view, and allow participants to follow homogeneous paths
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around each triplet (about 320 meters).

The nine buildings (called A-1, A-2, A-3 to A-9) were
combined by such a method to create three groups
of three: The first three: A-1, A-2, A-3 = a, the second
triplet: a-4, a-5, a-6 = b, and the third triplet: a-7, a -8,
a-9 = ¢). Around each triplet, a starting point and an
endpoint that were connected by a path were identified
on the ground by a black dot, first on the map and then
in the real environment. Upon arrival, participants were
allowed to view the three buildings simultaneously. Based
on the original map shown in Figure 1, each of the test
maps was drawn from the triple buildings with only the
proper name, and the rest of the information was deleted.
An example of these maps is shown in Figure 5. The size
of the maps was A4, black and white, two-dimensional
with a scale of 1:1000 relative to the environment. Each
triplet was shown with the original rotation (0° (Fig. 3)),
which could also rotate at 45, 90, 135 and 180 degrees. In
addition, each triple was presented within the buildings,
either by means of actual relative positions (5 integer
triples) or by changing their positions (5 inaccurate
triples). For each triplet, 10 maps and ultimately 30 test
maps were generated with each angular rotation, along
with all true and false triangles.

—|
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Second Test: As with the first test, this test was performed
on Sepah Street in Isfahan, near Imam Khomeini Square,
a pedestrian street. At this point, participants learn eight-
object positions on the street. Two paths were used
separately to influence the experience of egocentricity of
the environmental structure, both of which are inscribed
on one street (Figure 4). The aligned path was turned
parallel to the main street, and the misaligned path with
the 45-degree angle in a zigzag manner. The objects are
located near the intersections of two paths. The sections
of the route were 180 m in length and 240 m in length, and
the routes were not visible. Eight objects were identified
near the intersections of the two paths (max. 20 m). Since

some kind of obstruction was created by the length of
the street and other objects, the whole design was not
visible from one point. Four groups of participants
were defined for a combination of path (aligned and
misaligned) and pedestrian direction (in the opposite
direction and field direction), and each group
experienced the test location in four directions
(aligned (0, 90°, 180° and 270° and misaligned
(45°, 135°, 225°, and 315°). Participants were
randomly selected for the groups, with each group
comprising approximately a number of men and
women.
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Fig. 4. The Second Step of the Test Showing the Aligned and Misaligned Lines and Pointing Targets
between Them

Since the aim was to evaluate the relative and
possible importance of midpoints, observer
experiences, and the structure of the environment
in shaping spatial memory, it was hypothesized
that spatial relationships that are clearly identified
by a particular spatial reference system could be
retrieved from memory, However, it should be
deduced from spatial relationships that are not
explicitly specified under the conditions of the
spatial reference system (Klatzky, 1998, p. 16).

3.3. Steps to Recognize and Process of the
Tests

First Test Recognition Step: Participants were asked
to memorize as accurately as possible the names
and positions of the buildings they encountered
along the path taken by the examiners. Specifically,
the examiners emphasized to participants that they
had to focus on the buildings of their positions and
did not need to remember other characteristics of
the environment. In addition, participants had to
close their eyes before entering District A. Upon
reaching the starting point of every building triad,
the examiner would open the participants’ eyes
and say the name of the first building. Participants
had 6 seconds to observe the building and were
then directed to the next building, which was
named and observed for 6 seconds. This process
was performed for each category of buildings.
Participants were guided to the endpoint after
walking en route again, which should take a total
of 20 seconds to look at the three buildings. Then,

they were blindfolded and examined in terms of
memory; they had to name the buildings in the
order of their visual order. If the memory was
correct, participants would be directed to the
starting point for the next triplet, and if not, the
learning process would be repeated. The learning
process took approximately 30 minutes per person.

First Test Data Collection Step: After the learning
phase, participants’ eyes were closed and directed
to the test point away from District A inside the
field, where three-dimensional buildings were not
visible. After removing the blinds, the examiners
presented the test maps to each participant (30
tests at a time). All angular dimensions (0, 45, 90,
135 and 180), three-dimensional structures (“a”
true and false, “b” true and false, and “c” true and
false) (and the order of presentation were balanced
and uniform among participants). (An example
of these maps is illustrated in Figure 5). For each
participant, the maps were arranged with regard
to their order and kept on a vertical slab using a
loop. This step determined whether the maps were
properly represented in relative spatial positions
between the three buildings or not, such as, do
they re-establish relative spatial relationships
as they are in the real world? The accuracy and
latency in the performance of the participants were
measured. Correct judgments would score 1 and
misjudgments 0. The latency was recorded by
examiners using a stopwatch since the participant
saw the map to their judgment. Each participant
completed the test phase in 5 minutes.

0° angle 90° angle 180° angle
t .|

- N

; .E 4 @ *

- T m 3

Fig. 5. An Example of the Test Maps of Triple A-1, A-2, and A-3 Shown at Right Angles of 0, 90 and 180
Degrees



Second Test Recognition Stage: Participants’ eyes
were closed before entering the street to take
steps to limit their visual experience of knowing
conditions, and not knowing where they were due
to city conditions. They were guided to a corner of
the route, somewhere near the site of the concession
(Fig. 4), and the blinds were removed. Participants
were instructed to learn the locations of the objects
they were trained to guide along the route. They
were told to track the position of the objects as
they walked, but did not need to be reminded of
other features of the street. The examiners named
the objects and stopped for a few seconds each.
Participants were allowed to stop whenever they
wanted and to look around and be more precise
about where each object was located. Participants
had only the restriction that they had to keep their
body rotating at all times and were only allowed
to rotate their heads, not their bodies. After
completing the route, participants were asked to
name the objects, in order to be seen by them. This
cycle was repeated about twice, each of which
took about 25 minutes to identify. All participants
were largely familiar with the positions of objects
at the end of the recognition phase.

Second Test Data Collection Step: Participants
were directed to a measurement site located in
the post-recognition field. The initial independent
variable in the relative orientation judgment was
the imagined direction. Each test consisted of
three object names. The two objects are intended
as imagined directions (“Imagine you are near the
shore and facing the traffic light”), the third object
is the target (“point to the green trash can”). Eight
directions aligned with the paths (aligned and
misaligned) were used (0° to 135°) clockwise and
0° aligned with the traffic light-direction for the
green bucket. 32 object pairs were created from
these orientations, which were combined with
three target objects, comprising a total of 96 tests
(12 tests for each orientation). Target objects were
selected to balance the pointing along with the
positions and the number of times they happened.
The configuration of objects allowed for pointing
directions from 23 to 135 degrees, from 225 to 315
degrees. Similar to the first test, questions were
written on A4 paper at this stage and participants
made their judgments by pointing their hands
in different directions. The angle indicated by
the participant’s hand toward the target object is
the horizontal image he points to on the ground,
measured using a digital angle gauge at 360
degrees around the individual, and compared to the
correct angle if incorrect. The delay in responding
to the stopwatch was recorded by observers. The
tests were completed in approximately 40 minutes
per person.
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4. RESEARCH FINDINGS

In the first test, the results were calculated based
on 3-way ANOVA for combination methods such
as familiarity (familiar vs. unfamiliar) and gender
as independent variables between-subject and
rotation degrees (0°, 45°, 90°, 135°, and 180°).
As independent variables within-subject. The
dependent variables were accuracy (mean correct
judgments) and response time (mean delayed
judgments). Also, in the second test, the dependent
variables were angular error averages (alignment
vs. misalignment) and response time, which were
analyzed by analysis of variance with respect to
route conditions, travel direction (clockwise vs.
counterclockwise) and direction Imagined (°.,
AS e 315). Tukey HSD test was used to
analyze the effects of the effects, the effect sizes
were also calculated and expressed using the 1?
index.

4.1. Pointing Accuracy

In the first test, analysis of variance showed that the
main effect of familiarity was more accurate (F (1,28)
=6.35, 0> = .18, p = .017, familiar participants (mean
= 27.40, SD = 15.76) than unfamiliar participants
(mean = 24, SD = 15.76). The follow-up test showed
that the angle of 0° (mean = 29) was more accurate
than all angles of 45°, 90°, and 135° (with at least P
<0.05). Significant interaction was found between
familiarity and rotational angles: F (4,112) =3.03, n*=
.10, p = .02. The two groups showed different trends:
familiar participants were mostly accurate at angles
of 0°, 90°, and 180°, while the accuracy of unfamiliar
participants decreased as the angle of rotation deviated
from 0 ° (Fig. 6). Follow-up analyses showed that this
interaction was more accurate for familiar participants
with 0° rotated angle maps than for 90°, 135° and
180° rotated maps for unfamiliar participants, due to
spatial judgments; in addition, 90° and 180° angles for
participants. It was more accurate than 135 degrees for
unfamiliar participants (at least P <0.05). Finally, the
0° angle was significantly more accurate than the 45°
angle for the familiar participants, while the 0° angle
was more accurate than the 90° and 135° angles for the
unfamiliar participants (at least P <0.05). A main effect
of index was found for gender: F (1,28) =4.33, 02 =
.14, p = .04. This is because men were more accurate
than women: men = 27 and SD = 15, and Women = 24
and SD = 15.76. There was no significant interaction
between gender and familiarity, although unfamiliar
women were less accurate than the other groups: F
(1,28)=2.84,1*=0.09, P=0.10.
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Fig. 6. Pointing Accuracy between the Familiar and Unfamiliar Groups in the First Test

In the second test, the mean absolute angular error
in the pointing judgment in Fig. 7 is presented as a
function of pedestrian and imaginary direction. Tests
that exceeded 90 degrees or had a response time of
more than 60 seconds were excluded from the analysis
components (6.6%). A separate analysis did not show
significant effects of gender. The directional effect
was specified with respect to the target accuracy [F
(7,140) = 3.06, MSe = 47.88, p = .005], but the pattern
of results was different for the two target groups
[F (7,140) = 2.45, MSe = 47.88, p = .021]. Under
alignment conditions, binary comparisons showed
that the reference error was equally low for familiar
biases of 0°, 90°, 180°, and 270° and unfamiliar bias of
135° [ts (140) < 1.34, ps >.18] and for These directions

were significantly lower than the other directions [ts
(140) >2.05, ps<.042]. Under asymmetric conditions,
the reference error for the imaginary direction of 135°
and the uniform increase with the angular distance
was the lowest [quadratic contradiction: p = .012, t
(140) = 2.54]. The pointing error was lower under
the alignment condition than under the alignment
condition [F (1,20) = 6.73, p = .017], indicating that
users’ comfort in spatial memory under par conditions
was generally higher. Extra analyzes under alignment
conditions show that views along the route are more
accurate than parallel views that do not match along the
route (for example, “Imagine you are standing next to a
parking lot and looking at a forbidden park sign”; You
stand next to the shack and you have electricity.
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Fig. 7. Pointing Accuracy in the Second Test between Two Groups of Aligned and Misaligned Lines

4.2. Latency

In the first test, analysis of variance showed that the
main effect of familiarity was F (1,25) = 6.78, > =
0.40, P = 0.006, because the unfamiliar participants
(mean = 4.60 and SD = 2.23) were slower than the
familiar participants (mean = 3.27 and SD = 1.37.
Women were significantly slower than men: F (1,25)
= 6.50, n* = 0.21, P = 0.01. The relative mean of

men was = 3.9, SD = 1.62 and that of women was
= 4.4, SD = 2.15. There was no significant effect at
rotational angles (F <1). Instead, there was a significant
interaction between familiarity and rotational angles
F (4,100) = 2.57, n*> = 0.10, P = 0.04. As shown in
Fig. 8, familiar participants were faster at angles of
0, 90, and 180 degrees, exactly as they pointed out.
In contrast, unfamiliar participants were faster at 45
and 135 degrees. Follow-up analyses showed that the



interaction was due to familiar participants at 0° angles
faster than unfamiliar participants at 90°, 135°, and
180° angles (with a minimum of p <0.05). In addition,
unfamiliar participants at 180 degrees were faster than
unfamiliar participants at 90 degrees. Overall, this
pattern of results confirms the familiarizing effect of
180- and 90-degree axis facilitation. Regarding gender,
the main effect appeared due to men (mean = 3.52,
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SD = 1.70) being faster than females (mean = 4.35,
SD =2.13): F (1,25) = 6.49, > = 0.21, P=. 0.02. The
interaction between familiarity and gender revealed
the statistical index: F (1,25) = 3.71, 0> = 0.13, P =
0.06. Unknown women were slower than all groups,
unfamiliar, males = 4.1, SD = 1.7, females = 5.4, SD =
2.4 and familiar, males = 3.7, SD = 1.4, females = 3.4,
SD=1.3.

[
5
5 4.6 i
1 4 ‘*f a1
4 35 I
3.2
3 28 27
2
1
0
o° 45° o 135° 180°
Response latency (in seconds) in Response latency (in seconds) in
familiar group unfamiliar group

Fig. 8. Response Latency (in Seconds) at Different Angles and by the Degree of Familiarity

In the second test, the delay in responding creates no
patterns similar to angular error; there is no evidence of
speed and accuracy swapping. The correlation between
the mean latency and the mean angular error along the
imaginary directions was 0.73 for the aligned linear
group and 0.67 for the misaligned linear group.

5. CONCLUSION

The retest of different theories in this paper shows
that individuals use egocentric representations and
individual decisions at a low level of familiarity
with the environment, and represent and investigate
the position of objects in the environment, which
can be a large-scale building block, depending on
their location in space. However, this representation
gradually becomes an allocentric representation
as to the level of familiarity with the environment
increases, and one can find the position of the building
blocks relative to each other and the environmental
and contextual conditions in the environment. This
problem is much more pronounced in the first test and
in men than in women and certainly increases with
increasing familiarity, so that representation will not
occur egocentric. Another result that is important in
the second test of this article is that representation
may also be allocentric for people with low levels
of familiarity, provided that the environment is
highly orderly or has a very important sign in the
environment. As the pointing accuracy lines are more
in line with the physical elements of the environmental
index, the larger the scale of the outdoor environments
(such as building blocks) are with the main and

secondary passages, the more orderly and indexed
the environment, the orientation, and formation of
memories. And human spatial knowledge in that
environment will be faster and representations will
shift to allocentric. However, if a person has more
experience in that environment, his performance
will be much better. Another factor in increasing
the probability of allocentric representations is the
presence of a marker in the environment that indicates
itself as a sign and is also known as geocentric
representations, which is an inherent representation
of a man in McNamara’s view. In other words,
humans represent the spatial structure of large-
scale environments as reference systems defined by
environmental characteristics. In this case, spatial
relationships not only store egocentric views but also
structure them based on geocentric reference systems,
which is an allocentric system. Consequently, if there
is an indicator element in an environment such as
an old field (present article), a river or lake, an old
cue, and identity, in addition to the person using the
egocentric reference system, the geocentric reference
system also helps. To the individual for the mental
formation of the environment, with a lower error than
the egocentric reference system (Fig. 9). Researchers
are advised that the characteristic of the environment
and its spatial differentiation from the human point of
view, the way the geocentric mental representation of
spatial cues is a practical, yet novel, issue in the field,
given the background weakness in cue type.
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END NOTE

1. The object-centered frame of reference is the nature of what is moving towards the earth, such as a person, a

projective object.

2. It is an environment-centered reference framework, such as rooms, buildings and regional privacy. They define

very stable areas that depend more on earth than on moving objects.

3. Orientation is by path integration (blind orientation) based on geocentric reference systems. Geocentric
reference systems define spatial relationships according to the characteristics of the environment, such as the
perceptual direction of gravity, the angle of the sun, the Earth’s magnetic field, and the signs.

4. It refers to McNamara’s (2001) research that conducted a test in a room.

5. In Figure 1, the navigation paths are plotted, a path around the ternary of buildings (A-1, A-2, A-3) marked

with twenty navigation points.

6. Independent variables
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