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Abstract
Field independence (FI) is the extent to which a person perceives part of a field as discrete from the surrounding field rather than
embedded in the field. Several studies proposed that it represents a cognitive style that is a relatively stable individuals’
predisposition towards information processing. This study investigated the effects of Field Independence/Field Dependence
(FI/FD) cognitive style on topographic memory in a virtual environment. Seventy-nine college students completed the
Embedded Figure Test as a measure of FI/FD cognitive style and learned two paths in the VR-Walking Corsi Test apparatus.
After the learning phase, participants had to reproduce the paths from a familiar perspective or unfamiliar perspectives. Data
showed that FI cognitive style predicted the ability to reproduce a path from unfamiliar perspectives, suggesting a different
impact of the angle degree. Results are discussed considering the facilitation of body axes references and the increasing difficulty
due to maintaining online perspectives with higher angle degrees that increase the visuo-spatial working memory cognitive load.
These results support the idea that FI predicts human navigation.

Keywords Field independence . Virtual reality . Cognitive style . Perspective-taking . Human navigation

Introduction

A common navigational task is to move through the environ-
ment in order to reach our home or to go to a known pub to
meet friends or to reach a place which we never visited. To do
this, we need to keep track of the changing of the spatial rela-
tions between our position and the landmarks in the environ-
ment (i.e., self-to-object relations), that is, keep in mind contin-
uous spatial updating (Rieser 1989; Wang and Spelke 2000).

In general, the spatial updating involves two representa-
tional systems which work together: a transient sensorimotor
representation, which encodes self-to-object relations (i.e.,
egocentric representation) and continuously updates them;
and an enduring allocentric representation, which maintains

object-to-object relations and stores enduring information in a
preferred direction (e.g., Santoro et al. 2017a). The classic
spatial updating paradigm involves acquiring the spatial loca-
tion of some objects located in a room, environment or map,
and then pointing to them before and after moving to a new
position/orientation either physically or imaginarily (e.g.,
Shelton and McNamara 2004; Nori et al. 2006). Self-to-
object and object-to-object spatial relations are specified in
the same intrinsic reference system even if the allocentric
updating requires more attentional control than egocentric
updating (Mou et al. 2004). From these studies, it emerged
that environmental layouts are memorized according to a pre-
ferred perspective, usually aligned with a real or an imaginary
viewpoint, entailing an effect called “orientation dependence”
or “alignment effect”. Moreover, we can distinguish between
two alignment effects: the encoding alignment effect - better
performance when the imagined perspective is aligned with
the perspective from which the spatial information was
encoded - and the sensorimotor alignment effect, namely a
better performance when the imagined perspective is aligned
with the actual facing perspective (e.g., Hatzipanayioti et al.
2016). A study by Santoro, et al. (2017a) seems to indicate a
relation between the two alignment effects even if other works
support the independence of the effect (e.g., Avraamides and
Kelly 2010). However, while a person is moving through an
environment, the updating of egocentric relation occurs on
line, but this updating seems to happen even when a person
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refers to an environment experienced in the past (acquired in a
different moment), which is not perceptually available in a
given time with the help of physical movements (e.g.,
Santoro et al. 2017b).

The encoding alignment effect may be reduced by increas-
ing the familiarity with the environment (e.g., Nori and
Piccardi 2011; Lopez et al. 2020a; Lopez et al. 2020b;
Lopez et al. 2020c), by acting on motor, proprioceptive and
vestibular information (Rossano et al., 1999; Sun et al., 2004),
by manipulating the environmental features (Sholl and Nolin,
1997), such as the symmetry of the layout, the geometric
structure of the enclosing space and the external cues
(McNamara, 2003). Specifically, in trapezoidal, rectangular
and square rooms the encoding alignment effect was reduced
while it was increased in a circular room (e.g., Kelly et al.
2008; Mou et al. 2007), even for people with cognitive im-
pairment (Caffò et al. 2018).

Furthermore, the encoding alignment effect may be more or
less strong depending on how individuals acquire (directly or
indirectly: Presson and Hazelrigg 1984) and retrieve the spatial
knowledge. Indeed, people are quite capable of updating ego-
centric locations of objects as they physically rotate and trans-
late through space (Philbeck et al. 1997; Rieser 1989), whereas
egocentric updating after imagined self-motion (especially ro-
tation) can be quite error-prone. This is also true concerning the
spatial strategies used to acquire spatial information (Rossano
et al. 1995; Nori et al. 2006). Indeed, even though human spa-
tial behavior is generally assessed using overall performance
levels, that is being the fastest and/or the most accurate (e.g.,
Nazareth et al. 2019), real-life environmental decisions are of-
tenmore complex. For example, in some tasks, being fast might
be advantageous (i.e., escaping from a dangerous situation),
while for others it might be better to stop and think (i.e., when
we do not remember a path, it could be useful to stop and think
where the goal is in order to reach it). Thus, being spatial cog-
nition situated (e.g., Palmiero et al. 2015), on the basis of con-
text demands, more than one strategy may lead to a positive
result. In other words, the dependency on context and outcome,
as pointed out by a seminal publication by Witkin and Asch
(1948) on cognitive style, might play a key role in the encoding
alignment effect.

Cognitive style is “an individual’s preferred and habitual
approach to organize and represent information” (Riding and
Rayner 1998, p. 8). Everybody has a distinctive cognitive
style (Felder and Spurlin 2005) that influences the way in
which the world is observed and processed, and as a conse-
quence thinking, reactions and decisions are also affected
(Riding and Rayner 1998, p. 118). The cognitive style affects
the tasks performance as well as information retrieval and
specifically the perception and organization of the surround-
ing space (Hayes and Allison, 1998; Piccardi et al., 2016).
Several cognitive styles have been identified and each of them
is stable over time, resistant to training and changes, and is

independent from general intellectual ability (Ausburn and
Brown 2006). Within the large body of literature, researchers
have focused mainly on Field Independence (FI)/Dependence
(FD) cognitive style (e.g., Guisande et al. 2007; Evans et al.
2013). According to Witkin (1967, 1977) FI/FD cognitive
style involves “the extent to which the person perceives part
of a field as discrete from the surrounding field as a whole,
rather than embedded in the field; or the extent to which the
organization of the prevailing field determines perception of
its components (pp. 6–7)”. FI individuals are known to rely on
an internal frame of reference in dealing with environmental
information, whereas FD people are known to base them-
selves on an external frame of reference (Witkin 1977).
Even if genetic predisposition about FI/FD is still unknown,
X chromosome has been supposed to contribute to it
(Goodenough et al. 1977). FI/FD significantly affects our ev-
eryday life and modulates our performance on cognitive tasks:
FD is associated with greater bias toward the global level of
percept (Poirel et al. 2008) and interpersonal orientation
(Witkin and Goodenough 1977); instead, FI individuals per-
form better than FD individuals in nearly all knowledge areas,
such as language, science, arts, physical topics (Roszkowski
and Snelbecker 1987; Tinajero and Páramo, 1997; Isableu
et al. 1998). Most importantly for the present work, it is also
noteworthy that cognitive style may predict performance on
different spatial tasks (e.g., Bocchi et al. 2018; see Evans et al.
2013 for a review). Indeed, this construct determined how
people acquire information from the environment and how
they represent, organize and interpret spatial cues in an indi-
vidual manner (Hayes and Allison, 1998).

Recently it has been suggested that FI/FD cognitive styles are
pivotal in navigating complex and richly detailed environments
(Evans et al., 2013). For example, FI people have been reported
to handle more complex and flexible environmental representa-
tions (i.e., map-like representation) and to have a greater mental
rotation ability as compared with FD (e.g., Boccia et al. 2016; Li
et al. 2016; Boccia et al. 2017). Moreover, these studies have
pointed out that individuals with different cognitive style on the
dimension of FI/FD showed a different performance when using
different frames of reference in orienting and navigating tasks.
This difference could be explain considering the different way of
acquiring and representing environmental information.
However, to date, it is still a matter of debate how FD/FI cog-
nitive styles influence human navigation. It is well known in the
literature how one of the factors determining successful naviga-
tion is the ability to recognize routes and landmarks even from
unusual perspectives (e.g., Golledge 1999), that is spatial
updating. In order to attenuate or eliminate the orientation de-
pendence, people have to perform cognitive restructuring/
updating of the learning environment.

As pointed out by Witkin and co-workers (Witkin et al.,
1962), the restructuring process is based on disembedding and
perspectivism abilities. Specifically, on the one hand, the
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disembedding ability allows people to memorize structural
object characteristics which enabled a greater differentiation
in perceptual functioning and as a consequence a better ability
in recognizing objects, that is, it permits people to extract
salient information from the surrounding environment. On
the other hand, the perspectivism ability allows people to rec-
ognize visual perspectives other than those of the learned path,
that is, it permits to adopt other people’s perspective (e.g.,
Witkin and Goodenough 1977; Cuneo et al. 2018). It appears
clear that both disembedding and perspectivism underlie the
ability to perform changes of perspective and updating spatial
information being typically associated with FI people (Witkin
and Goodenough 1977).

Based on this evidence, the aim of the present study was to
investigate the effects of FI/FD on the encoding alignment
effect, after controlling for familiarity with the environment.
In order to assess the encoding alignment effect, we used the
virtual version of the Walking Corsi Test (WalCT) (VR-
WalCT: Nori et al. 2015a; Nori et al. 2015b), which is an
extended version of the Corsi Block-tapping Task (Corsi,
1972), where participants are required to move to a series of
places based on their memorized location. In a series of pre-
vious studies, Piccardi and co-workers demonstrated that the
standard version of the WalCT measures a different spatial
component (i.e., topographical memory) than the Corsi Test
(e.g., Piccardi et al. 2008): the authors found that brain-
damaged patients affected by topographical disorientation
failed on the WalCT but not on the Corsi Test (e.g.,
Bianchini et al. 2010). Yet, performances on WalCT signifi-
cantly correlated with performance on route learning in a real
environment (Piccardi et al. 2019). In addition, Cimadevilla
et al. (2014) demonstrated that virtual reality-based tasks may
be more accurate and useful to detect individual differences
than other paper and pencil tests. Undoubtedly, the use of
virtual reality has several advantages: it is less expensive and
it provides a safer alternative to real-world navigation tests,
which are time and space consuming (Lokka et al. 2018).
Moreover, using virtual environments in assessing spatial ori-
entation is considered realistic because the same mechanisms
involved during navigation in real environments at both be-
havioral and neural levels are activated during navigation in a
virtual environment (e.g., Regian and Yadrick 1994). The
VR-WalCT (Nori et al. 2015a) reproduces a true-to-life situa-
tion in which people are required to learn spatial knowledge
directly by navigating through the environment and then recall
it either from the same perspective or from different ones. In
this vein, when people have the possibility to learn a path
without a time limit, both men and women are good at
performing directional judgments irrespective of the learning
orientation (e.g., Nori et al. 2015a; Nori et al. 2018): allowing
longer duration of familiarization and more practice repeti-
tions for females than males markedly reduced gender differ-
ences (e.g., Nori et al., 2018).

Specifically, we hypothesized that FI cognitive style
(Witkin 1950) would reduce the encoding alignment effect
as assessed by the VR-WalCT (Nori et al. 2015a; Nori et al.
2015b): FI individuals are usually more accurate and faster in
perspective-taking tasks (Boccia et al. 2016; Boccia et al.
2019), due to the well-documented ability to rely on an inter-
nal frame of reference to cope with cognitive restructuring
(i.e., disembedding and perspectivism). In other words, we
hypothesized that FI cognitive style predicts better perfor-
mance in the VR-WalCT task, especially when spatial
updating is required, namely, when the spatial positions must
be retrieved from a different perspective of a remote encoding
path.Moreover, we hypothesized the presence of the encoding
alignment effect, namely a more accurate and quicker perfor-
mance in remembering the path from the learning prospective
than from the others, but only for FD participants.

Methods

Participants

To determine the sample size, a power calculation was per-
formed, using GPower 3.1. (Faul et al. 2007). To perform a
multiple regression analysis (considering FI/FD cognitive
styles on respectively every single dependent variable in
VR-WalCT) the following parameters were used: effect size
f2 = .15 - medium magnitude; alpha = .05; power = .90. This
gave a suggested sample size of 73 participants.

Seventy-nine healthy individuals (39 females; mean age =
23.70 ± 2.55 years; mean education = 15.38 ± 1.77 years) took
part in this study, 88.6% of whom were right-handed, 8.9%
left-handed and 2.5% ambidextrous (Salmaso and Longoni
1983); all had normal or corrected to normal (soft contact
lenses or glasses) vision. They were recruited at the
Department of Psychology of Bologna University. In a pre-
liminary interview no participants reported previous or current
neurological or psychiatric diseases. We also asked partici-
pants by a questionnaire how many times they had played
videogames, in order to analyze the relationship between past
experience and proficiency in the VR-WalCT (Nori et al.
2015a). The study was approved by the local Ethics
Committee of the University of Bologna, and all participants
gave their written informed consent to participate in accor-
dance with the Declaration of Helsinki.

Experimental Material

Embedded Figures Test (EFT; Witkin, 1950)

Currently, the most used test to evaluate FD/FI is the EFT
(source Scopus, July 2020, 776 studies that used this test).
The EFT consists of a collection of cards 12.9 × 7.7 cm with
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complex and simple figures. The simple figures are black and
white and are formed by a single line. The complex figures are
composed of a conjunction of small simple and colored fig-
ures. Each simple figure is hidden in the complex one and is
not easily identifiable. The first EFT item is used to explain
the test to participants. During the test phase, 12 tasks were
performed. Each task started with showing a complex figure
for 15 s and participants had to describe it during this period.
Thereafter, the card with the simple figure overlapped the
complex one for 10s. Immediately afterwards, the experiment-
er removed the card with the simple figure and the participant
had to find its contour inside the complex figure as soon as
possible, and trace it with a pencil: the experimenter recorded
the response time. If the participant’s response was correct, the
time was recorded, whereas, if the response was wrong, the
experimenter continued to clock the time until the participant
reported the correct response. Participants had up to 180 s to
provide the correct answer. The total time was computed by
summing up the response times across items (12); then the
result was divided by the number of items, in order to compute
the overall time averaged across items: lower times indicated
individuals with higher predisposition towards FI and vice
versa (Witkin 1950; Witkin 1977). The embedded figure test
has good test-retest reliability: indeed, the first published
study of test-retest reliability (Chalip 1979) using the group
version of the EFT, namely the GEFT, on 17 male and 33
female adolescents (11–16 years) on two occasions 6 months
apart, showed a significant test-retest correlation of .82. This
result was subsequently confirmed by Kepner and Neimark
(1984), showing a test-retest correlation of .88 (after 10 days).

VR-WalCT (Nori et al., 2015a, 2015b)

The VR-WalCT was developed using an open source program,
Blender (available at www.blender.org) and programmed in the
Blender Game Engine to manage movements and collect
experimental data. The VR-WalCT reproduced the M-WalCT
(Piccardi et al., 2008) in which 18 squares (3 × 3 cm) are placed
on a carpet (25 × 60 cm) in a scattered array. To induce route
acquisition, the four cardinal points (i.e., North, South, East,
West) are indicated outside the carpet. The walls are completely
black (i.e. no landmark was provided). The VR-WalCT appa-
ratus, as in Nori et al. (2015a), includes:

– an immersive helmet, Daeyangi-visor fmdfov 42,800 ×
600, which was interfaced with the navigation engine by
an ad-hocmodule developed in Python programming lan-
guage. It allows for an effective match between real head
movements and virtual vision through a 6-axis movement
sensor performing a first-person experience.

– a graphicWorkstation HPXW4300, Pentium4 3.40GHz,
2 GB RAM, Nvidia GeForce 7800 Video Card.

Procedure

Each participant was tested individually. After participants en-
tered the experimental room they had to fill in a questionnaire
aimed at gathering demographic details and they also had to
respond to questions about their use of video games and under-
go a brief interview about neurological or psychiatric diseases.
Participants then had to complete the EFT and the VR-WalCT.
The tasks order was balanced among participants.

VR-WalCT - Learning Phase

The same procedure adopted by Nori et al. (2015a) was used.
Participants observed the virtual environment and used the
four arrow keys/cursors to move through it. Participants were
first allowed to practice with the instruments (i.e., helmet and
virtual apparatus). The practical section took place in an
enclosed space that was like the experimental environment;
it contained four black squares to navigate through and
around. When participants were ready to start the experiment,
an avatar showed them an 8-step sequence by walking and
stopping for 2 s on each square. The path was shown by the
avatar in a pre-recorded video. In both environments the 2-
path sequences were balanced (i.e., one path started in the
South and one in the North) (as in Nori et al. 2015a;
Piccardi et al. 2008). In order to control the familiarization
effect, as in Nori et al. (2015a, 2015b) men and women need-
ed a different number of repetitions to learn a path. Therefore,
each path was shown 3 times for men and 4 times for women.
As pointed out in the introduction section, this criterion was
adopted in order to be sure that participants learned the paths
with the same level of accuracy in order to eliminate familiar-
ization effect during the retrieval phase. These procedures
were used for two different paths with the same level of diffi-
culty (Nori et al. 2015a).

VR-WalCT - Retrieval Phase

As in Nori et al. (2015a), after the learning phase, participants
were blindfolded and were taken to another room in which
they spent 5 min talking with the experimenter. This proce-
dure was used to prevent participants from mentally repeating
the learned paths (e.g., De Nigris et al. 2013). Afterwards,
participants were again blindfolded and taken back to the ex-
perimental room, disoriented and placed in front of the per-
sonal computer. The blindfold was then removed and in full
vision, wearing the helmet, they were required to reproduce
the path from a familiar perspective (0°: the same as during the
learning phase) or from unfamiliar perspectives (45°-90°–
135°-180°–225°-270°-315°: different from the learning phase
perspective; Fig. 1). The order of the different perspectives
was determined randomly for each path and the same order
was used for all participants (as in Nori et al. 2006). For
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example, starting from a point of view not experienced before,
participants were located at 90° path perspective and were
instructed to move using right/left/forward/backward in order
to go to the goal. In this case participants needed to use the
remote encoding path. The steps of the path correctly
reproduced for each angle and time of response (s) were re-
corded directly by the PC program.

Results

Statistical analyses were performed using SPSS – 26 version.
Both the mean number of steps correctly reported (accuracy;
minimum score = 0, maximum score = 8) and the response
time (s) for each degree (perspective) on the two paths were
computed. Both accuracy and response time (dependent var-
iables) were averaged for each participant.

Preliminary Analysis

Video Game Experience First of all, a series of regression anal-
yses were performed considering how many times the partici-
pants had played video games as independent variable on the
number of steps recalled correctly for each angular degree, in
order to investigate possible confounding effects of this kind of
practice, that is, to be sure that it did not account for some of the
differences in the subsequent analyses. Results showed no sig-
nificant effect (0°: F1, 77 = .01, r

2 = .00, β = −.01, p = .923; 45°:
F1, 77 = .10, r

2 = .00, β = .03, p= .742; 90°:F1, 77 = .10, r
2 = .00,

β = .03, p= .747; 135°: F1, 77 = .02, r
2 = .00, β = .01, p = .869;

180°: F1, 77 = .15, r
2 = .00, β =−.04, p = .697;225°: F1, 77 = .58,

r2 = .00, β = .08, p = .446; 270°: F1, 77 = .41, r
2 = .00, β = −.07,

p = .521; 315°: F1, 77 = .51, r
2 = .00, β = .08, p = .476).

Gender A regression analysis was also performed in order to
investigate whether gender predicted FI predisposition.
Gender was classified coding men as −1 and women as 1, as
suggested by Howitt and Cramer (2011). The regression mod-
el did not show any significant difference (F1, 77 = 2.39,
r2 = .03, β = .17, p = .126).

Analysis on FD/FI Cognitive Style

In order to verify whether FI cognitive style predicted the perfor-
mance on perspective tasks, a series of regression analyses were
performed considering the response time (s) in EFT as indepen-
dent variable and respectively the mean of the number of steps
correctly recalled (accuracy) and response time (s) in VR-WalCT
for the eight angular degrees as dependent variables.

Accuracy Regression analysis showed that response times in
EFT predicted negatively accuracy in VR-WalCT at 45° (F1,
77 = 5.22, r2 = .06, β = −.25, p = .025), 180° (F1, 77 = 5.67,
r2 = .05, β = −.26, p = .020), 225° (F1, 77 = 4.96, r2 = .06, β =
−.24, p = .029) and 315° (F1, 77 = 8.99, r2 = .10, β = −.32,
p = .004) degrees of rotation: individuals with higher predis-
position towards FI (shorter EFT response times) showed
higher accuracy on these perspectives during the retrieval

Fig. 1 Experimental setting and apparatus showing the different degrees of the path from a familiar perspective (0°) and from unfamiliar perspectives
(45°-90°–135°-180°–225°-270°-315°)
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phase. No other significant effect was shown (0°: F1, 77 = 3.21,
r2 = .04, β = −.20, p = .077; 90°: F1, 77 = 1.67, r2 = .02, β =
−.14, p = .200; 135°: F1, 77 = 1.78, r2 = .02, β = −.15,
p = .186; 270°: F1, 77 = 2.06, r2 = .02, β = −.16, p = .155).

Response Time Regression analysis showed that response
times in EFT predicted positively response times in VR-
WalCT at 45° (F1, 77 = 4.39, r2 = .05, β = .23, p = .039), 135°
(F1, 77 = 7.46, r2 = .08, β = .29, p = .008), 180° (F1, 77 = 7.83,
r2 = .09, β = .30, p = .006) and 315° (F1, 77 = 6.32, r2 = .07,
β = .27, p = .014) degrees of rotation. Again, higher levels of
FI (shorter EFT response times) were associated with shorter
response times in VR-WalCT at these perspectives during the
retrieval phase. No other significant effect was found (0°: F1,
77 = 2.10, r2 = .01, β = .16, p = .151; 90°: F1, 77 = 2.39,
r2 = .03, β = .17, p = .126; 225°: F1, 77 = 2.08, r2 = .05,
β = .16, p = .153; 270°: F1, 77 = 2.87, r2 = .03, β = .19,
p = .094).

Angle and FI/FD Comparison

Moreover, in order to verify the presence of alignment effect
and the possible reduction caused by the performance of the FI
individuals, we performed two mixed factorial ANOVAs, one
for accuracy and one for response time, respectively consid-
ering cognitive style (two levels FI vs FD) as between factors
and angle (8 levels) as repeated measure. In order to divide
between FI and FD individuals, the median-split method was
applied (median = 36.42 s). This allowed to get 40 FI individ-
uals and 39 FD individuals.

Accuracy The main effect “angle” was statistically significant
(F7, 77 = 6.49, p < .001, partial 2 = .07). Bonferroni post-hoc
analysis showed that participants remembered more steps
when they had to recall a path from the learning perspective
(i.e. 0°) than from 45° (p = .013), 90° (p < .001), 135° (p
< .001), 180° (p = .039), 225° (p = .022), 270° (p = .027) and
315° (p = .007). Means and standard deviations are shown in
Table 1. A main effect FI/FD was revealed (F1, 77 = 6.58,
p = .012, partial 2 = .07): FI participants remembered more
steps (4.19 number of steps) than FD participants did (3.25
number of steps). No other significant result was revealed (FI/
FD x angle: F1, 77 = .82, p = .567, partial 2 = .01).

Response Time Results showed a main effect of “angle” (F7,
77 = 20.63, p < .001, partial 2 = .21). Bonferroni post-hoc
analysis showed that remembering a path from the learning
perspective (0°) was quicker than other perspectives (ps
< .001); remembering a path rotated by 45° was quicker than
remembering a path from 135° (p = .005) and 270° degrees
(p = .003); remembering a path rotated by 135° required more
time than remembering path from 225° (p = .032) and 315°
(p = .014); finally, remembering a path rotated by 270°

required more time than remembering a path from 315°
(p < .05). Means and standard deviations are shown in
Table 1. A main effect FI/FD was revealed (F1, 77 = 8.91,
p = .004, partial 2 = .10): FI (M = 47.18 s., S.D. = 3.13 s.)
was quicker than FD (M = 60.48 s., S.D. = 3.17 s.). No other
significant result was revealed (FI/FD x angle: F1, 77 = 1.27,
p = .263, partial 2 = .01).

Discussion

In the present study we investigated whether FI cognitive style
reduced the alignment effect in a virtual reality environment,
that is the VR-WalCT, in order to better understand the con-
tribution of individual differences in spatial updating in a vir-
tual environment. The results partially support our hypothesis.
First of all, an encoding alignment effect was revealed: re-
member a path from the same learning perspective was easier
and quicker than the other ones supporting the presence of the
well-known effect (e.g., Shelton and McNamara 2004; Nori
et al. 2006). Moreover, the FI and FD behavior in solving this
task was quite different both for accuracy and response time:
FI are more accurate and quicker than FD individuals.
Specifically, FI cognitive style predicted the ability to repro-
duce a path from some perspectives, but this effect did not
emerge for all perspectives, suggesting a different weight de-
pending on the angle degree.

In VR-WalCT, participants performed a task very similar
to a daily situation in which they approached a familiar place
from an unusual perspective. When we walk through a real or
virtual environment, we continually change our perspective,
which requires a continuous updating of our position in the
new orientation (e.g., a turning) (Wang and Spelke 2000), so it
is essential to remember a remote path acquired from a spe-
cific point of view, compare the old layout with the new per-
spective and update it. This updating is automatic (e.g.,
Shollet al. 2006) and involves computing the amplitude of
angular displacements. Self-to-landmark updating takes place

Table 1 Mean and standard deviation (SD) of the number of steps
correctly recalled and response time are reported for each angle of
rotations

Angle Number of steps correctly recalled (SD) Response Time (SD)

0° 4.51 (.22) 28.78 (2.19)

45° 3.60 (.26) 50.50 (2.60)

90° 3.16 (.24) 58.50 (4.43)

135° 3.25 (.24) 68.30 (4.35)

180° 3.82 (.24) 57.03 (2.78)

225° 3.83 (.23) 52.68 (2.41)

270° 3.82 (.22) 63.79 (3.81)

315° 3.73 (.23) 51.07 (3.04)
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in an egocentric frame of reference, with the body’s axis of
orientation serving as the reference axis relative to which the
spatial coordinates of the egocentric vectors are updated
(Sholl et al. 2006). Recently, Avraamides, et al. (2013) argued
that the self-to-object relations – namely, egocentric represen-
tation – are automatically computed during perspective-tak-
ing. Thus, in order to face misaligned perspectives, people
need to suppress these relations: in some cases, this suppres-
sion is easy to perform, while in others it is more difficult.
Specifically, it is quite easy to suppress misaligned informa-
tion from some perspectives (i.e., 90°, 135°, 270°) that corre-
spond to body axes (90° corresponded to the right and 270°
corresponded to the left) or close to them (135° is near to the
right), while it is much more difficult to suppress them from
perspectives not corresponding to body axes (i.e., 45°, 225°,
315°) or when a complete change of perspective is required
(180°), that is behind them. When different perspectives cor-
respond to body axes or are close to them, individuals do not
make errors in performing the task, whereas when the perspec-
tives are far away from the body axes only individuals with FI
predisposition are advantaged. In particular, FI individuals
remember a greater number of steps compared to FD individ-
uals. Very likely, when perspectives are completely
misaligned from the learning point of view, an additional
visuo-spatial working memory load makes the task much
more difficult. Indeed, when the individual’s point of view
of the display changes, an active updating of both the mental
representation of the display and the individual’s position in
the environment is necessary, and as a consequence the work-
ing memory load increases (Coluccia and Louse 2004).
However, we can suppose that disembedding and
perspectivism skills characterizing FI predisposition may fa-
cilitate the perspective-taking task. FI individuals are more
likely to use internal cues and to be selective in the informa-
tion input, so that their performance is less likely to be influ-
enced by the image rotation experience engendered by the
change of perspective, while FD individuals rely more on
external cues and have difficulty in separating input informa-
tion from contextual surroundings, resulting in more difficul-
ties with mental rotation tasks. This is true specifically for the
spatial information located behind us, out of the body axes,
namely right and left. Moreover, as suggested by Witkin
and Goodenough (1977), FD individuals tend to maintain
the structure of the field as it is presented, whereas FI individ-
uals tend to impose their own structure of the field.

The present study indicates that individuals with different
inclination within the dimension of field dependence-
independence show different performance in recalling a path
from different points of view in a virtual environment. This
difference may due to their different bearing on the perception,
acquisition and processing of environmental information,
which in turn causes different ways of orienting themselves in
the environment (Li et al. 2016). As pointed out by Li et al.

(2016), FD individuals may use the ego-centered frame of ref-
erence to acquire and represent environmental layout.
Therefore, they have to align their own frame of reference with
the world-centered frame of reference when performing a per-
spective change task, a process where more errors could be
made and more time is needed to respond. FI individuals, on
the other hand, may use the world-centered frame of reference
when they acquire and represent the environment. Therefore, FI
individuals could easily adjust their frame of reference, with
higher accuracy and less time in changing perspective.

These results are supported by Boccia et al. (2017). In their
study, FI predicted the individual’s spatial strategies used to
acquire and represent the environment. They found that FI is
associated with better performance on map-like knowledge
that requires representing the environment in spite of their
own position. Thus, the more visually independent the indi-
viduals are, the more spatial information there will be in their
cognitive map. Taking into consideration the Cumulative
Model of Spatial knowledge (Siegel and White 1975) FI indi-
viduals should tend to use a global map-like representation of
the environment, that is to say the highest level of spatial
knowledge. The difficulty in solving perspective-taking tasks
by FD is also supported by the time FD individuals spend in
changing perspectives: FD individuals employ more time to
break free from their egocentric perspective, even if the more
time spent in performing the task is not predictive of a good
performance in recalling the path. To sum up, our results sug-
gest that performance in perspective-taking tasks and more in
general in spatial updating depends on the cognitive style: FI
individuals probably rely on internal frame references that
make them better navigators.
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