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Abstract  
 

The present chapter introduces an issue on the domain of spatial 

cognition and, more specifically, the relationship between 

individual differences and the ability to learn about an 

environment, especially from navigation (defined as large-scale 

ability). First, taxonomies on navigation and environment 

learning will be presented. Then the individual differences 

influencing successful navigation learning will be defined. These 

include visuospatial abilities, a set of different cognitive small-

scale abilities (such as the ability to mentally rotate objects and 

take different perspectives), and wayfinding attitudes, i.e., a set 



Prime Archives in Psychology: 2nd Edition 

2                                                                                www.videleaf.com 

of individual inclinations, preferences, and strategies reportedly 

being used while navigating. After a methodological overview, 

studies investigating this relationship between visuospatial 

individual factors and navigation learning will be presented. 

Findings support the role of visuospatial abilities and wayfinding 

inclinations in navigation learning. This pattern is also found 

when conjointly considering other factors of individual 

differences such as the gender, age, and expertise of people (like 

in sports practice). Individuals with intellectual disabilities are 

also considered; therefore, the chapter presents an overview of 

the relationship between visuospatial factors and navigation 

learning in populations composed of people considered frailer 

(older adults, intellectual disability) or stronger (men, athletes) in 

this domain. Finally, future directions are discussed and 

conclusions are drawn on the importance of individual 

differences in the domain of spatial cognition. 

 

Spatial ability is a broad construct that includes skills on 

different scales. Those needed to deal with the environment and 

geographical spaces are called large-scale spatial abilities and 

include the everyday activity of navigation ability within the 

environment. In contrast, abilities based on perceiving, 

imagining, and mentally transforming objects or shapes, which 

are usually tested by means of paper and pencil tasks, are called 

small-scale spatial abilities (also hereinafter referred to as 

visuospatial abilities). Furthermore, there are individual 

inclinations, preferences, and strategies reportedly being used 

while navigating that we will refer to as wayfinding attitudes. 

 

The following chapter aims to introduce spatial abilities at 

different scales and wayfinding attitudes, as well as their 

relations, to students attending bachelor or master degree courses 

who are approaching this issue for the first time. It is an 

introductory chapter that provides a broad view of spatial skills 

in the context of spatial cognition and does not expect to be 

exhaustive. However, to offer a deep understanding, some of the 

representative studies in this domain are described in detail. The 

following sections will define i) visuospatial skills, divided into 

large-scale (navigation) and small-scale (cognitive abilities); 

self-reported wayfinding attitudes; ii) the relation between small- 
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and large-scale abilities, and iii) studies of these abilities in 

different individuals. The chapter organization of content is 

presented in Figure 1.  

 

 
 

Figure 1: The organization of the contents of the chapter.  

 

1. Environment Learning and Navigation  
 

Learning the environment is an everyday activity that can 

involve different sources. Environment can be reproduced with 

symbolic modalities, such as maps and devices (such as GPS 

use) or can be conveyed by verbal indications (given by a passer-

by on the street or written descriptions). The other modality is to 

learn the environment directly by navigation. For example, the 

reader can think of a path covered for the first time today or in 

the last few days and try to revisit the environment and what 

he/she remembers from the journey. This is an experience of 

navigation, a modality to learn environment.  

 

Navigation is a complex process by means of which we 

experience a determined space from an egocentric point of view 

based on sensorimotor information about our position in space, 

self-to-object distances, and self-motion [1]. Navigating enables 

us to learn a series of landmarks, turns, and changes in direction 

and to memorize a set of place-action associations. It involves 
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sensory cues, computational mechanisms and spatial 

representations [2].  

 

 

1.1 Locomotion and Wayfinding: Definition and Models  

 
Navigation can be divided into two components [1]: a 

locomotion component, which relies on sensory information to 

guide our movements without us being conscious of the 

processes that enable these movements; and a wayfinding 

component, which relies on our mental representations, planning 

and decision-making, which are conscious activities that we 

control and organize when choosing which route to take, moving 

towards distant landmarks, taking shortcuts, planning a route, 

and so on. Wayfinding is a complex activity that changes 

according to the type of place to be reached and the route to be 

taken, which may or may not be known to the individual. For 

this purpose, Wiener et al. [3] proposed a wayfinding taxonomy 

based on the criteria of knowing or not knowing the final 

destination and the path to reach it. The model presents the types 

of knowledge that are needed to move when an individual has no 

assistance (“unaided wayfinding”). In the “unaided wayfinding” 

process, the person can move without any specific goal (“indirect 

wayfinding”) within an unknown or a familiar environment (as 

when moving to explore a new city or take a leisure walk on a 

well know beach). Often, a person needs to move to reach a 

specific destination (“directed wayfinding”) that may be 

unknown or unavailable (“search”) but concerning within an 

environment of which the person has some knowledge 

(“informed search”) or no knowledge (“uninformed search”). In 

other cases, the destination is known (“target approximation”) 

and the path to reach it may be known by following one’s 

memory (“path following”) or unknown because the person has 

no prior knowledge of the path and will need to create a new 

route (“path finding”). In the “path finding” condition, the 

person is in a completely new environment and will therefore 

need to create and find a route (“path search”): this can happen, 

for instance, when a person is in a new city and needs to find a 

certain place (which is unknown) without knowing the route. In 

the “path finding” condition, a person is in a known environment 
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but needs to work out a new route (“path planning”), for instance 

in one’s own city, and reach a new place without knowing the 

path. “Path finding” (“path search” or “path planning”) is a 

creative and problem-solving task and a condition wherein a 

person creates a flexible representation of the environment with 

map-like features, i.e., an allocentric representation. The Wiener 

et al. [3] model includes “aided wayfinding”, with the use of 

assistance (e.g., signages, maps), but does not present it.  

 

Aided wayfinding is another component of wayfinding and it 

was added to the taxonomy by Dalton et al. [4]. According to 

their model, aided wayfinding concerns the presence of others 

and comprises two dimensions.  

 

According to their model, in aided wayfinding it is possible to 

identify two dimensions. One is based on the nature of the 

interaction between the actors, which may be “strong” (i.e., the 

contribution of others to wayfinding is direct, intentional, 

proximal, and typically involves verbal and/or gestural 

communication) or “weak” (i.e., the contribution of others to 

wayfinding is unintentional, distal, with non-verbal and 

unidirectional communication, with people and their traces being 

used as a cue for wayfinding). The other dimension is 

represented by the time frame in which the interaction between 

actors takes place, and can be synchronous (i.e., communicative 

acts of sending and receiving information occur simultaneously) 

or asynchronous (i.e., the sender and receiver are not co-present 

during the information exchange). The interactions of these two 

dimensions result in a 2 x 2 model that identifies four conditions 

(strong-synchronous, strong-asynchronous, weak-synchronous, 

weak-asynchronous). In the strong-synchronous condition, the 

influence of others takes place during navigation (people acting 

intentionally towards wayfinding). Each member of a group of 

people travelling together can be characterized in terms of 

his/her degree of “wayfinding involvement” in the decision-

making process, ranging from fully involved (e.g. a parent 

guiding his/her children) to not involved (e.g., tourists following 

a guide); and of his/her “wayfinding responsibility” for 

wayfinding decisions, ranging from the situation in which an 

individual makes wayfinding decisions for the entire group (e.g., 
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the case mentioned above of a parent with his/her children) to 

the situation in which each individual equally contributes to the 

wayfinding decisions of the group. The strong-synchronous 

condition can also be derived by navigational assistance 

(therefore consisting not only in human guides, but also in digital 

guides like GPS) and maps when they are consulted during 

navigation. In the strong asynchronous condition, 

communication about wayfinding decisions occurs at a time 

prior to the actual navigation. This occurs when a person needs 

to find a route following prior route instructions offered by 

navigational assistance (such as asynchronously consulted 

human and digital guides) and maps that are consulted before 

navigation. In the weak-synchronous condition, the person 

moving within the environment is influenced in wayfinding 

decision-making by other people who are present during 

navigation (e.g. following people at the train station). The weak-

asynchronous condition happens when there are physical traces 

of the past presence of people in the place where the person is 

moving (e.g. a bicycle or food wrapper in a park that can be used 

as a cue for the navigators’ wayfinding decisions).  

 

1.2 Tasks and Assessment Modalities  
 

When individuals learn spatial information by navigating or 

using other modalities (as maps or verbal information), this gives 

rise to a mental representation, or cognitive map [5]. Its quality 

and features can be assessed using different tasks. Some recall 

tasks assess egocentric (viewpoint-dependent) knowledge (also 

known as route knowledge), in which the person’s point of view 

is relevant to the completion of the task. This is the case when 

repeating a previously-navigated route or locating previously-

encountered landmarks in the right order. Other tasks can assess 

allocentric (viewpoint-independent) knowledge (also known as 

configured or survey knowledge), in which landmarks and 

locations need to be related to each other to accomplish the task. 

A typical example of a task assessing allocentric knowledge 

involves finding a shortcut in a previously-navigated 

environment, which requires identifying new connections 

between landmarks and locations in a given environment. 

Another way to assess allocentric knowledge is to ask people to 
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draw a map, thus reproducing previously-learned arrangements 

of landmarks and their locations. Some types of recall tasks also 

enable us to assess the flexibility of an individual’s environment 

representations by changing the point of view that is adopted in 

the encoding and retrieval phases. This can be done when 

participants learn by navigating within an environment and then 

indicate the distance between two places (distance estimation), 

or point in a given direction (pointing direction; i.e. switching 

from an egocentric/route to an allocentric/survey view); or, vice 

versa, participants can learn by looking at a map and then 

navigating within the environment or giving directions to places. 

Such situations differ from cases in which the view that is 

acquired from the learning input and the recall tasks remains the 

same and based on similar requests, such as when physically 

repeating a route after learning from navigation or drawing a 

map after studying a map. In other words, the role of different 

types of input (spatial learning) - in combination with different 

output (types of recall tasks) - is one of the sources of 

complexity in the quality assessment of environment 

representation. 

 

Spatial learning from navigation can be measured by asking 

people to learn a path in a real environment or using other media, 

such as video or virtual reality. Virtual environments (VE) are a 

good approximation of the real world [6] when exploring 

mechanisms and strategies underlying navigation, as well as the 

properties of the resulting mental representations. They also 

offer several advantages, such as effective control over the visual 

content, and an easy and accurate collection of behavioral data 

[7,8]. The validity of VE increases when it reproduces three-

dimensional entities in fully immersive conditions that resemble 

real-life sensorimotor experiences, with real-time interaction and 

the sense of “being there” [9]. The mental representations 

deriving from exploring VEs can have properties that are similar 

to those of real navigation [6], although they differ in the amount 

of required cognitive resources (which is greater when VE is 

used, Hegarty et al., [10]), and in some underlying mechanisms 

such as the involved brain network [11]. 

A summary of the navigation’s construct and related aspects is 

reported in Figure 2.  



Prime Archives in Psychology: 2nd Edition 

8                                                                                www.videleaf.com 

 
 

Figure 2: Navigation: classification, learning and assessing modalities. 
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When properties of the environment's mental representations are 

examined, it is important to keep in mind that people’s 

individual differences can have a role in the formation, 

maintenance and retrieval of spatial information. These factors 

are presented in the following sections. 

 

2. Individual Factors  
 

Individuals differ widely in their ability to navigate, orient and 

learn in new environments: in fact, some people have an 

excellent sense of direction and navigation skills, while others 

get lost or feel anxious. This happens because several factors 

related to individual characteristics can be related to the 

representation of the environment (or cognitive map) derived 

from navigation and spatial learning. It has been demonstrated 

that individual features have a role to impact the qualities and 

features of environment representation [10]. Further, the type of 

individual features considered can have a different role in 

environment learning and navigation [12,13] (see section 3 for a 

better understanding of the complexity of the relation between 

these variables).  

 

The individual factors include: individual cognitive abilities 

(such as memory, reasoning, and visuospatial abilities; e.g. 

[2,10]), motivation (in terms of spatial self-efficacy, attitudes of 

pleasure in exploring places; e.g. Pazzaglia & Meneghetti, [14]), 

emotions (the degree of anxiety experienced when exposed to 

the environment; e.g. Lawton, [15,16]), preferences for a certain 

strategy when moving around in the environment (such as a 

preference for route-based or survey-based approaches; e.g. 

[17,18]), personality traits (e.g., [13,19]), and familiarity with the 

environment [20]). It is worth mentioning that other factors, such 

as gender (where men generally outperform women [16], see 

section 4.1) are responsible for individual differences. Other 

individual factors delineating different populations such as age 

(with young people generally outperforming older adults; see 

section 4.2), disorders (as in the case of intellectual disabilities 

[ID], see section 4.3), and expertise (such as sport athletes 

outperforming non-athletes; see section 4.4) can also play a role. 

All these individual factors, alone and in combination (e.g., 
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[12,21]), influence the features of an individual’s environment 

representation, and are related to the environment’s features [22]. 

These factors are explained in more detail below. 

 

2.1 Visuospatial Abilities  

 

Visuospatial cognitive abilities can be defined as skills needed to 

generate, retain and transform abstract visual images [23]. A 

considerable amount of literature applying the factor analysis 

approach has provided strong evidence to indicate that these 

skills comprise multiple and distinct factors (see Hegarty & 

Waller, [24] for a review). A classical and well-proven 

classification is provided by the meta-analysis of Linn and 

Petersen [25]. The authors identify three sub-factors: spatial 

perception, spatial visualization and mental rotation. Spatial 

perception is the ability to determine spatial relations with 

respect to one’s own position; the Water Level Task (WLT; 

Piaget & Inhelder, [26]) is a task that is often used and consists 

of identifying how the level of water in a container appears when 

it is positioned in an inclined plane. Spatial visualization is the 

ability to perform multi-step manipulations of complex spatial 

information: it is measured through the Minnesota Paper Form 

Board (MPFB; Likert & Quasha, [27]) which requires the person 

to choose among different options in which pieces of figures are 

arranged to compose a whole figure. Mental rotation consists in 

the ability to manipulate figures by rotating 2D or 3D stimuli 

(i.e. imagining that the stimuli are being mentally rotated) and a 

typical measure used in this sense consists in the Mental 

Rotations Test (MRT; Vandenberg & Kuse, [28]), which 

involves identifying 3D objects in rotated views. A target object 

is provided, and the task consists of choosing, among the four 

options, the two that represent the rotated target. Rotation ability 

is further assessed in the previously-mentioned object-rotation 

(mental rotation ability) and in subject-rotation tasks [29] which 

involve asking a person to imagine adopting a different position 

in space and seeing his/her surroundings from a new perspective. 

The ability to do so can be measured with the Perspective-

Taking Task (PTT; Hegarty & Waller, [29]), in which 

respondents imagine adopting new positions that are misaligned 
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with the current physical body position within a configuration of 

objects.  

 

In a meta-analysis, Uttal et al. [30] presented a new classification 

of visuospatial skills based on a 2 x 2 model according to which 

visuospatial abilities can be classified with reference to the 

combination of two dimensions, i.e. dynamic-static and intrinsic-

extrinsic. The dynamic dimension measures competence in 

carrying out transformations on stimuli, and may be intrinsic 

when it involves mentally transforming objects (such as in 

mental rotation tasks that involve rotating 2D or 3D objects, or in 

visualization tasks that require imagining piecing objects 

together; both represent the mental rotation and spatial 

visualization abilities of Linn & Petersen, [25]), or extrinsic 

when it is necessary to visualize elements occupying different 

positions in space (such as in perspective-taking tasks that 

involve imagining occupying new positions within a 

configuration of objects). The static dimension, on the other 

hand, assesses a person’s competence in perceiving objects, and 

is intrinsic when tasks involve perceiving objects in complex 

configurations (such as in embedded figure tasks that are 

included in the spatial visualization abilities of Linn & Petersen, 

[25]), or extrinsic when understanding abstract spatial principles 

(such as when detecting horizontal and vertical invariance, 

which is included in the spatial perception abilities of Linn & 

Petersen, [25]).  

 

As concerns the relationship between visuospatial abilities in 

relation to environment learning, some studies on navigation 

have also considered Visuo-Spatial Working Memory (VSWM), 

which is the ability to retain and process spatial information [31]. 

While the above described abilities are considered a higher-order 

cognitive ability, and sometimes part of spatial intelligence (such 

as mental rotation; Martínez et al., [32]), VSWM is a basic 

mechanism involved during online processing (e.g., examined by 

means of the dual-task paradigm; [33,34]). VSWM is also an 

individual capacity to process information sequentially (like with 

the Corsi blocks task) or simultaneously (like in the matrix task).  
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2.2 Wayfinding Attitudes  
 

In addition to visuospatial abilities, it is important to consider 

personal visuospatial inclinations that may contribute to our 

ability to mentally represent an environment accurately. Such 

inclinations are generally assessed with questionnaires 

measuring wayfinding attitudes and preferences that ask people 

to imagine being in an environment (e.g., a car park or a 

building) and think of how they would feel and behave in spatial 

situations. These wayfinding inclinations are several and include: 

 

- Sense of direction, i.e., the self-reported ability to orient and 

navigate [35]; 

- Preferred environment representation mode [14,15], these 

can be survey-like, i.e., the preference for representing an 

environment using an aerial view (like in a map) and using 

global spatial references, such as cardinal points for outdoor 

environments, or the global configuration of buildings (also 

known as orientation strategy; Lawton, [15]); or route-like,  

i.e., the preference for representing landmarks and routes 

based on a first person point of view like when navigating 

within the environment (also known as route strategy, 

Lawton, [15]); 

- Pleasure in exploring places, i.e., the pleasure of exploring 

unfamiliar places and taking new roads in familiar ones as 

opposed to the pleasure of navigating familiar places and the 

fear of exploring unknown or new environments ([12,36]; 

also known as exploration tendency);  

- Spatial anxiety, i.e., the degree of anxiety experienced when 

performing spatial and environmental tasks [15]; 

- Spatial self-efficacy, i.e. individuals’ confidence to perform 

spatial tasks [37]. 

 
Interest in elucidating people’s wayfinding inclinations is 

increasing in the domain of spatial cognition. Studies have 

shown that wayfinding inclinations are related [38] and can be 

grouped into a single factor or divided into positive (perceived 

sense of direction and pleasure in exploring) and negative 

(spatial anxiety and preference for moving in known places) 

inclinations [12,39]. Positive and negative inclinations are also 
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related to one another, in fact, it has been shown that spatial 

anxiety, spatial self-efficacy and pleasure in exploring are 

correlated: higher scores for spatial anxiety corresponded to 

lower scores for self-efficacy in spatial tasks and pleasure in 

exploring. This supports the existence of reciprocal relationships 

between affective and motivational factors also in the domain of 

spatial cognition [13].  

 

Moreover, there is evidence that wayfinding attitudes cannot be 

considered on the same level but rather they concur differently in 

modeling attitudes and preferences within the environment. For 

example, He and Hegarty [36] examined the relation between 

spatial anxiety, exploration tendency (or pleasure in exploring) 

and sense of direction. They tested a model in which they 

examined the relationship between spatial anxiety as a predictor, 

sense of direction as a dependent variable, and exploration 

tendency (as well as Global Position System – GPS – 

dependency) as a mediator. The results showed that those who 

report a higher degree of spatial anxiety have a poor sense of 

direction because they are less likely to explore the environment 

and, accordingly, to rely more on GPS systems. Although 

visuospatial abilities (outlined in the previous section) and 

wayfinding attitudes are considered separated factors, they are 

also related to each other [10,12,39].  

 

A summary of visuospatial abilities (small-scale), wayfinding 

attitudes, and their relations is reported in Figure 3.  

 

 
 

Figure 3: Visuospatial abilities (small-scale), wayfinding attitudes and their 

relations.  

 

The following sections will illustrate the methodological 

approach and the studies investigating the relationship between 
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visuospatial abilities (small-scale abilities), wayfinding attitudes, 

and environment learning from navigation.  

 

3. Empirical Evidence of the Relation between 

Visuospatial Individual Factors, Navigation and 

Environment Learning  
 

3.1 Different Methodological Approaches  
 

The analysis of the relation of individual differences and task 

performance can be investigated using different methodological 

approaches. These include, as a method of studying individual 

characteristics, the analysis of single cases, the analysis of large 

numbers of individuals to examine how variables are related to 

each other (correlational research) or intervention through the 

experimental manipulation of a certain variable to test its effect 

on others (experimental research) [40].  

 

Case studies. Case studies offer a chance to understand the 

appearance of a particular profile. In spatial cognition, the study 

of single cases to examine to what extent a certain particular 

profile is related to spatial representation (and associated 

features) is of interest. The literature offers several examples 

[7,39], for instance, cases of brain lesions or degenerative 

diseases (involving brain structures and network of cognitive 

map), cases of genetic disorders, cases of cognitive and 

behavioral difficulties in acquiring environment information in 

absence of brain deficits (as in the case of developmental 

topographical disorientation). This represents an interesting line 

not deepened in this chapter, as we are interested in identifying 

the presence of a relationship between environmental learning 

and individual features in the general population and in different 

individuals. For individuating the type of relations and how these 

change as a function of several variables - as type of individual 

features, type of input and recall modalities- it might be useful to 

use correlational and experimental studies.  

Correlational research. Most research in spatial cognition, 

however, tries to understand and make inferences about how 

variables are related to each other by examining a large number 
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of individuals through correlational studies. Based on the 

assumption that a variation exists for a variable, one procedure 

consists of selecting people with different degrees of a certain 

variable and creating groups (group differences). If the chosen 

variable is essential for performance, such performance should 

differ among groups, thus demonstrating a relation between the 

chosen individual difference measure and the task performance. 

This method has been frequently applied to compare 

populations, like males with females (see section 4.1), young 

with older adults (see section 4.2), individuals with intellectual 

disabilities with those characterized by atypical development 

(see section 4.3), and athletes with non-athletes (see section 4.4). 

 

The complexity of the analysis increases when several individual 

difference measures are contemporaneously considered in 

relation to environment learning. The role of several coexisting 

individual difference variables in environment learning has 

frequently been examined using correlation analyses considering 

the relations between all variables (at the continuous level 

instead of creating groups).  

 

The correlation approach allows us to examine how variables are 

related at a continuous level in the entire sample by focusing on 

the direction and strength of the relations. Direction is expressed 

by the sign of the values (+ positive relation; - negative relation) 

and strength by the degree of the value, potentially ranging from 

0 to 1 (0.6-0.8 expresses strong relations, 0.30 to 0.50 moderate 

strong relations, and below 0.30 or 0.20 poor relations). The 

statistical approach becomes complex and sophisticated when 

multiple variables are included, as in the case of Structural 

Equation Modeling (SEM) or path models in which the 

association between the variables is no longer bivariate, but 

multivariate. These are models that are applied to the entire 

covariance matrix (i.e., the contemporaneous correlation among 

all the variables considered) and allow the estimation of the 

variables. In SEM, these “estimated variables” represent latent 

factors (where, for instance, a score deriving from a 

questionnaire is grouped with the score of another questionnaire, 

thus composing something more than the single measure, such as 

the pleasure of exploring and the sense of direction, that 
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composes a “wayfinding attitude” variable). Otherwise, the 

variables can be observed, i.e. the score of a certain measure 

represents the variable itself, such as when considering spatial 

anxiety as a single factor, and not grouped with others. Once the 

variables have been identified, the simultaneous and mutual 

relations among all the variables are estimated, thus allowing 

indirect, rather than only direct effects, to be tested. In other 

words, we can estimate whether a first variable (A) influences a 

second variable (B), which, in turn, influences a third variable 

(C). In this case, A has an indirect influence on C.  

 

Nowadays this procedure appears to be extensively used to 

examine the relation between individual differences, such as 

abilities and attitudes (which can be considered predicting 

factors), and the performance of environment-related tasks. 

Other factors can be considered (as can be the gender and the 

age) and these can identify different populations (as males and 

females, young and older adults; [41,42]). Therefore, cognitive 

abilities, attitudes and other factors (e.g., gender and age) can be 

considered variables having different roles that are able to 

influence large-scale environment abilities (e.g. environment 

learning). Furthermore, the correlational analyses will allow the 

role of multiple measured of individual differences (as MRT, 

VSWM and attitudes) to be considered as predictors or 

mediators in order to examine their impact on environment 

learning accuracy. The results of these models (according to the 

theoretical and methodological approaches) allow inferences on 

causality to be made. However, given that a correlation approach 

can be subject to erroneous conclusions, sometimes it is better to 

refer to the association – rather than the causality – between two 

variables.  

 

Experimental research. The causality of the relation is more 

clearly determined by experimental manipulation. In this case, 

the experimenter manipulates one variable, like an individual 

difference measure (independent variable), and examines the 

effect of this manipulation on environment recall (dependent 

variable). For instance, the degree of spatial self-efficacy, in 

terms of high and low self-efficacy (e.g., giving feedback after a 

preliminary task task) can be manipulated and examine whether 
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different self-efficacy feedback influences environment accuracy 

performance (as verified by Miola et al., [43]).  

 

3.2 (Some) Representative Studies  
 

In the following section, we describe some representative studies 

that – mainly using correlational approach – examine the relation 

of individual differences (mostly considering abilities and/or 

attitudes) in environment learning (mostly from navigation). 

Some of these studies are described in an extensive way to offer 

the reader a deep and clear understanding of the research.  

 

Correlational studies: relation between variables by groups 

difference. As previously mentioned, one method is to select 

groups of individuals to test for a certain variable that can have a 

core role in environment learning. If we supposed that VSWM, 

visuospatial abilities (e.g., rotation ability) or attitudes are related 

to large-scale abilities, one possibility would be to select 

individuals with high and low basic abilities (e.g., VSWM; 

Garden et al., [44]) or high and low MRT [45] and with high and 

low preferences (such as a preference for extrinsic frames; 

Meneghetti et al., [17]) and to verify whether the performance of 

these two groups differs in environment recall tasks. The results, 

in fact, showed that having high a VSWM or MR or a high 

extrinsic frame leads to a better spatial learning accuracy in 

comparison to lower performing groups in recall tasks referred to 

environment learning. As representative group differences 

studies, we presented in depth Pazzaglia and Taylor [46] and 

Weisberg et al. [47] studies.  

 

Pazzaglia and Taylor [46] selected two groups of participants 

based on their self-reports on survey representation (map-like) 

preferences (i.e. “I prefer to draw a mental map” in the Pazzaglia 

et al., [48] questionnaire): one group was characterized by high 

survey preferences and one group with low survey preferences. 

Other groups were identified based on the type of perspective 

they used during exploration, i.e. following an avatar on the path 

(route group) or following a red dot on the map (survey group), 

and three other groups were created based on the instructions 

they received, which could be one of the following: focus on 



Prime Archives in Psychology: 2nd Edition 

18                                                                                www.videleaf.com 

landmarks; intersections; without any specific instructions. The 

recall of the environment was assessed through pointing trials 

(imagine you are at X looking at Y and point to Z), map drawing 

(sketch a map), and re-navigating along a virtual route. As 

concerns the role of individual differences, the results showed 

that the high survey group made fewer navigation errors than the 

low survey group, and that the high survey group performed 

better in both learnt perspectives, while the low survey group 

performed worse in the survey compared to the route 

perspective. In addition, the results showed that group learning 

in the survey view led to better performance in most of the recall 

tasks in comparison to group learning in the route view. No 

effect was found on the basis of the type of instructions. Even if 

the distinction in sub-groups considering multiple variables is 

interesting, it is important to underline that the results should be 

interpreted with caution due to the small sample size in each 

group (the total sample in Pazzaglia & Taylor, [46] was 

composed of 54 participants).  

 

However, the analysis of the difference between groups offers a 

chance to understand why “some people make a cognitive map 

and why some people struggle” [49]. In a study by Weisberg et 

al. [47] participants using a virtual environment learned four 

routes in a campus. Two of them were main routes (where they 

found eight landmarks, four on each path) and the other two 

were connected to the two main ones. After the learning phase, 

the participants performed the pointing task (from every 

landmark they pointed to the other 7 landmarks) requiring 

participants to point from a landmark to another along the same 

main route (i.e., pointing within the route learnt) and from a 

landmark located along one main route to a landmark positioned 

along the other main route (i.e. pointing between the two routes 

leant). They also performed the model building task, asking 

participants to locate the buildings in a layout. As regards the 

pointing performance, three groups of participants were selected: 

“good between and good within”, “good within and bad 

between”, “bad within and bad between" (also referred to as 

integrators, non-integrators, imprecise navigators; Weisberg & 

Newcombe, [49]). These three groups showed a different spatial 

individual difference profile. In fact, the integrators not only 



Prime Archives in Psychology: 2nd Edition 

19                                                                                www.videleaf.com 

demonstrated good model building performance, but also better 

mental rotation and better sense of direction in comparison to the 

imprecise navigators (and in comparison to the non-integrators in 

relation to the sense of direction). Analyzing group differences 

based on the performance (pointing task) showed that  navigators 

used different cognitive abilities and involved different attitudes; 

this led to the conclusion that different navigation learning 

performance is associable to different individual profiles. As a 

result, considering different degrees of performance in carrying 

out certain crucial tasks and identifying groups based on such 

performance can offer the chance to understand different 

visuospatial abilities (small-scale) and attitudes.  

 

Correlational studies: relation between variables at a 

continuous level. A significant number of studies examined the 

relation between individual difference variables and environment 

(navigation) learning through correlational approach. These 

models postulate the relationship between visuospatial cognitive 

abilities (small-scale) and large-scale abilities (acquired by 

navigation or simulated with virtual exploration). The idea is to 

verify whether small-scale and large-scale abilities (and 

attitudes) overlap completely (unitary model), are fully 

dissociated (total dissociation model) or partially dissociated 

(partial dissociation model), or are related by mediating variables 

(mediation model). The evidence is currently in favor of the 

partial dissociation and mediation models [10].  

 

One of the first studies was carried out by Allen et al. [50]. The 

authors asked participants to walk in a small city once. After 

walking within the environment, the recall performance was 

assessed with several tasks, i.e., scene recognition, scene 

sequences, map placement, route distance, route rehearsal error 

tasks (composing the topographical knowledge factor), as well as 

Euclidean distance and direction estimate tasks. The visuospatial 

abilities were measured by means of a series of tasks (mainly 

assessing spatial visualization and mental rotation -which 

composed the visuospatial factor- and perspective taking) and 

spatial memory tasks (measured by showing the moves charting 

a course within a 6 × 6 matrix; i.e. consisting in remembering a 

pathway in sequence – which composed the sequential spatial 
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memory factor). The SEM results showed that the topographical 

knowledge factor was predicted by a visuospatial factor through 

the mediation of the sequential spatial memory factor. 

Perspective taking composes a separate factor that is between the 

visuospatial factor and Euclidean knowledge. This study 

indicated that the relation between visuospatial ability factor and 

environment knowledge is mediated by spatial sequential 

memory or perspective-taking, and that the mediator changes as 

a function of the implemented environment recall task.  

 

In line with Allen et al. [50], further evidence supports the 

mediation model. For instance, Meneghetti et al. [51] asked 

participants to perform the mental rotation test (MRT 

Vandenberg & Kuse, [28]) and spatial sequential working 

memory task [52]. After that, participants watched a video tour 

on a desktop and the recall performance was tested through route 

retracing (performing the same path that had been viewed) – as a 

way to re-learn the route -, shortcut performance (identifying the 

shortest route between start and arrival) and map drawing. The 

path model showed that MRT can be considered a predictor and 

that its effect on recall task performance (shortcut and map 

drawing) was mediated by the VSWM. This means that 

visuospatial processing abilities intervene between the rotation 

and environment recall task performance phases.  

 

Other studies showed that the relation between small-scale 

abilities and the self-reported sense of direction is directly 

associated with large-scale tasks that are not mediated by other 

variables. For this purpose, Hegarty et al. [10] asked participants 

to learn three indoor environments through three different 

modalities, i.e. real environment navigation (the experimenter 

guided the subject along the path); virtual environment tour by 

desktop projection; videotaped tour projected on a desktop 

screen. After learning each environment, the following recall 

tasks were performed: distance estimation (estimation of 

straight-line distance between couples of landmarks), landmark 

direction estimation (pointing the direction from one landmark to 

another), map drawing (visually reproducing the positions of the 

landmarks). During this learning phase, participants performed a 

series of visuospatial tasks (i.e., mental rotation, embedded 
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figure test, perspective taking, arrow span – VSWM- tasks) and 

verbal tasks (i.e., Vocabulary, Reading span test, Abstract 

reasoning test). Latent factors were identified as verbal ability, 

visuospatial ability and sense of direction, and as far as 

environment learning is concerned, two other latent factors 

composed by the recall tasks performed in direct experience and 

those composed by recall tasks in visual learning (both 

videotaped and in virtual environment) were singled out. The 

SEM results showed that the verbal ability factor is related to the 

visuospatial abilities factor and sense of direction but not directly 

related to the direct experience and visual experience factors. 

After ascertaining the marginal role of verbal abilities in 

environment learning, a SEM was run with only spatial 

variables. The model showed that small-scale visuospatial 

abilities affect direct experience and visual learning. This direct 

relation was also confirmed when a mediating variable 

(considering perspective-taking) was included. The self-reported 

sense of direction (considered as a wayfinding inclination) 

predicted direct experience and visual learning, even its effects 

(at least in terms of path coefficients) on direct experience were 

significant and stronger than on visual learning. However, in the 

final model the effect of the sense of direction on environmental 

learning tasks was less than that of small-scale spatial abilities. 

These results indicate that small-scale and large-scale abilities 

are partially dissociated. Further evidence of the direct 

relationship between small-scale visuospatial abilities and 

environment learning abilities has emerged using the structural 

equation model approach and has been confirmed across the life 

span, in children (e.g. Merrill et al., [53]) and in the elderly 

(Meneghetti et al., [12]; see section 4.2).  

 

Furthermore, it should be noted that other wayfinding attitudes 

are involved in navigation performance. In fact, spatial self-

efficacy, pleasure in exploring and sense of direction are 

positively related to navigation performance, thus suggesting that 

those who report greater self-efficacy and a greater tendency in 

exploration, and perceive having a good sense of direction show 

better objective performances in navigation [12,13,14]. In 

contrast, spatial anxiety is negatively related to navigation 

performance, suggesting that those who report fear of getting lost 
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show worse performance while navigating [14,54]. These self-

reported attitudes are related to visuospatial abilities and both 

concur to predict environment learning [12,13]. These results 

showed that visuospatial individual differences are a multi-set of 

factors related to environment learning accuracy (assessed with a 

series of spatial recall tasks). This has recently been confirmed 

by a study that more systematically examined the relations 

between these variables. In this study, Meneghetti et al. [55] 

asked participants to learn a path in a (desktop-based) virtual 

environment; their recall performance was then tested with route 

retracing, shortcut finding (within the environment) and map 

drawing tasks. Individual differences were assessed through 

several visuospatial abilities and questionnaires. While collecting 

data, the authors considered the quantitative evidence made 

available in the literature and treated it as Bayesian-informed 

priors that enabled evidence and research expectations from the 

literature to be formalized and considered in the analyses. The 

results confirmed the distinction between visuospatial abilities 

and wayfinding attitudes (composed by positive factors and 

reversing negative ones). The results showed –in line with the 

available literature- a stronger degree of the relations between 

visuospatial abilities (considering mental rotation and 

perspective-taking) and all three recall tasks in comparison to the 

relations between wayfinding inclinations (considering sense of 

direction, representation mode, pleasure in exploring and spatial 

anxiety) and all three recall tasks. It should be noted that the 

estimated values obtained from the present study were slightly 

lower than those available in the literature. These results also 

offered fresh evidence on the associations between multiple 

visuospatial individual difference measures and accuracy in 

environment learning from navigation by comparing the results 

of the specific study with the entity of the relations of similar 

variables in previous studies.  

 

It should be noted that the above-described studies were set in a 

virtual environment. There is evidence that visuospatial 

cognitive abilities and wayfinding attitudes are also involved 

with real navigation, including the sense of direction that is 

involved in taking a real shortcut in a familiar environment [56] 

and perspective-taking in executing a pointing performance after 
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real-path navigation [57], or enacting several abilities and 

attitudes after real navigation [58]. At the same time, assessing 

environment knowledge in a familiar environment (like when 

map drawing or pointing in a direction) involved multiple 

visuospatial individual difference factors both in terms of 

abilities (i.e., VSWM, MR) and attitudes (i.e., spatial anxiety in 

negative way and pleasure in exploring in positive way; [21,59]). 

The above studies considering real environment concur in 

confirming the involvement of similar individual difference 

measures, as may be found in virtual environments, although a 

direct comparison between real and virtual exploration is 

necessary to validate this claim [10]. 

 

4. Insights in different Individuals  
 

In the previous sections, we described how navigation learning 

(or navigation-like learning) can be assessed using different 

measures, and how it can be related to aspects of individual 

differences by focusing on individual visuospatial abilities and 

wayfinding attitudes. Here, we present evidence of the relation 

between visuospatial factors and environment learning when 

considering different populations that may result frailer (e.g., 

elderly, people with ID) or stronger (e.g., males, athletes) in 

terms of visuospatial abilities. Among the individual factors, 

gender is often considered in spatial cognition studies for its 

impact on environment learning as navigation [42]. Gender is 

also able to influence the pattern of relations between navigation 

performance, visuospatial factors, and wayfinding attitudes. 

Examining differences between males and females – as a 

function of type of input and recall modality - allows to better 

understand differences and similarities between groups (see 

section 4.1). Further, the examination of some populations (such 

as the elderly and ID) is relevant for its implications. One of 

these consists of autonomy in everyday movements, which is an 

indicator of quality of life. Therefore, examining older adults 

(see section 4.2), in comparison with younger ones, and ID 

individuals in comparison with typical development ones (see 

section 4.3), offers a chance to better understand characteristics 

of environment representations. At the same time, other related 
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aspects can be examined as the relations of environment learning 

with individual visuospatial factors.  

 

Another interesting population is represented by athletes, given 

practicing a sport is related to visuospatial abilities and it is a 

condition that may boost environment learning (see section 4.4).  

 

Several studies have attempted to understand the environment 

representation features of these populations and provide 

evidence of their relations to individual visuospatial factors.  

 

4.1 The Role of Gender in Relation to Visuospatial 

Factors, Navigation and Environment Learning  
 

Studies considering gender in navigation and environment 

learning showed differences between men and women in recall 

task performance and these differences are often in favor of men, 

especially in allocentric tasks [60]. However, gender differences 

in large-scale spatial tasks are less clear when several factors, 

e.g. kind of task, time pressure, self-perception, gender 

stereotype, are taken into account. A recent meta-analysis by 

Nazareth et al. [42] tried to quantify gender differences and 

analyze the potential moderators involved in gender differences 

in navigation skills considering a variety of studies (N=266). 

This meta-analysis showed that men outperform women with a 

small to medium effect size (d = 0.34 to 0.38), which means that 

the probability of men scoring higher than women would be 

about  62-66%, and that of scoring lower 34-38%. Among the 

different tasks considered in the study, the pointing tasks and the 

recall tasks revealed larger gender differences. As regards the 

type of environment, larger gender differences emerged when 

the environment was a combination of indoor and outdoor 

settings that could result in more difficult tasks because they 

require switching between egocentric and allocentric wayfinding 

strategies. 

 

In this vein, several studies showed that gender can be 

considered a predictor that, through the mediation of some 

variables, such as abilities and attitudes, influences navigation 

success. For example, Munion et al. [61] investigated whether 



Prime Archives in Psychology: 2nd Edition 

25                                                                                www.videleaf.com 

men and women moved through the environment differently and 

whether these differences in wayfinding behaviors would predict 

the navigation performance of participants in locating targets. 

Results demonstrated than men showed more confident and 

efficient behaviors such as more directional persistence and less 

revisiting and pausing during navigation compared to women 

and that these gender differences in behaviors during wayfinding 

accounted for the relationship between gender and navigational 

success. Pazzaglia et al., [13] instead, found that with SEM the 

visuospatial ability factor (composed of the mental rotation and 

VSWM tasks, including Corsi blocks task) mediated the 

relationship between gender and route tracing. The model also 

indicated the involvement of other emotional-motivational and 

personality factors that were not directly related to gender in 

recall tasks. More recently, in addition to visuospatial abilities, 

Miola et al. [62] also considered spatial self-efficacy as a form of 

wayfinding inclination. In fact, general beliefs about one’s own 

ability to perform environmental spatial tasks (e.g., finding a 

meeting place for an appointment in an area of a city or town 

with which one is not familiar) and self-efficacy that are asked 

before performing the task (e.g., map completion task) have been 

found to be related to the acquisition of spatial knowledge from a 

new environment. Moreover, it has been shown that, with SEM, 

not only the visuospatial abilities factor (VSWM and mental 

rotation abilities) but also the spatial self-efficacy factor (general 

and task-specific self-efficacy) mediate the relationship between 

gender and environment recall performance (i.e. the map 

completion task). This implies that a poorer performance in 

visuospatial abilities and perceiving oneself as less confident in 

accomplishing visuospatial tasks might have a negative influence 

on spatial performance in women. Considering all this evidence, 

it seems that, rather than gender, lower performance in small-

scale spatial abilities, differences in how men and women 

navigate the environment and lower self-efficacy, could 

negatively influence the ability to form a mental representation 

of a new environment.  

 

A summary of the types of relation among visuospatial abilities 

(small-scale), wayfinding attitudes with navigation learning is 

presented in Figure 4. 
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4.2 The Case of Older Adults  
 

Studies investigating navigation and spatial learning in aging 

generally agree that there is a decrease in spatial performance in 

older adults [63], although the results depend on several factors, 

such as the type of input and the output measures that are used 

[64]. Typically, allocentric knowledge (which is tested through 

the map drawing task) has been found to be more susceptible to 

age-related differences compared to egocentric knowledge 

(which is tested, for instance, through route repetition task) after 

learning from navigation [65]. In addition to these external 

factors (i.e., type of input and output measures used), individual 

visuospatial factors (abilities and/or attitudes) – as mentioned 

above- were also found to be related to spatial learning and 

spatial knowledge in aging. 

 

First, it is worth mentioning that VSWM and visuospatial 

abilities have been shown to decline with aging, while self-

assessed wayfinding inclinations remain quite stable over the 

adult life span [41]. In particular, rotation abilities seem to 

deteriorate with a linear trend from youth to old age and 

perspective-taking abilities start to become impaired from about 

age fifty onward [41]. In contrast, wayfinding attitudes tend to 

remain quite stable across a person’s life span (as in the case of 

sense of direction) or increase slightly (as in the case of spatial 

anxiety). However, evidence suggests that these skills and 

attitudes continue to be important for the spatial mental 

representations of older people.  

 

One of the first studies to systematically explore the relationship 

among age, visuospatial abilities, and environment knowledge 

was carried out by Kirasic [66]. She assessed spatial 

visualization and rotation abilities (such as using mental rotation 

and paper folding tasks) in a sample of young and older adults, 

and then asked them to learn a path in a supermarket by walking 

around in it while being led by the experimenter. Several spatial 

recall tasks were then administered to test the participants’ 

wayfinding abilities with a task that required them to move in the 

supermarket in order to find a list of items, and their configural 

knowledge (i.e., the knowledge of landmarks and a layout that is 



Prime Archives in Psychology: 2nd Edition 

27                                                                                www.videleaf.com 

tested through scene recognition, distance ranking, and map 

placement tasks). These variables composed factors that are 

organized in a SEM. The results showed that age negatively 

affected configural knowledge performance, but visuospatial 

ability factor positively mediated the relation between age and 

configural knowledge performance. The latter positively 

influenced wayfinding behavior performance. This provided 

preliminary evidence showing the importance of considering not 

only age-related differences, but also other individual factors 

when analyzing people’s mental spatial representations.  

 

In another, more recent, study [64], the mediation of visuospatial 

abilities between age and environment learning performance was 

confirmed in a lifespan perspective – involving people from 25 

to 84 years old and using several measures of individual 

difference measures (i.e., rotation and VSWM abilities), 

different types of learning input (learning a path from a map or a 

video) and different types of spatial recall tasks (i.e., map 

drawing task, route repetition task, and a pointing task). These 

variables were treated singularly as observed variables and 

organized in a path model. The results showed that the VSWM, 

rotation, and perspective-taking abilities influence (and in some 

cases mediate) the relationship between age and environment 

learning performance, albeit to a different degree depending on 

the type of learning input and spatial recall task that was used. 

VSWM was relevant for all recall tasks and all learning inputs. 

Visuospatial abilities, mental rotation and perspective-taking are 

also necessary (especially the latter), and these higher-level 

visuospatial abilities proved particularly important in mediating 

the relationship between age and pointing performance 

regardless of the used learning input. This confirms that having 

to imagine adopting different views in an environment demands 

the ability to mentally rotate a view and see things from a 

different angle in the adult lifespan and even in aging. These 

results demonstrated that visuospatial abilities are useful in 

inferential spatial recall tasks as long as they are preserved in 

aging. 

 

In studies with older adults, there is also evidence of the 

importance of individual visuospatial factors, not only in term of 
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abilities but also of self-reported visuospatial inclinations. For 

instance, in a sample of participants covering the entire adult 

lifespan, from 20 to 91 years old, Meneghetti et al. [12] found, 

when applying the SEM, that the environment knowledge (i.e., 

testing the ability to orient oneself using cardinal points, such as 

when pointing in the direction of cardinal point from a seat in 

one’s own place of residence), was predicted by multiple 

individual factors with different roles. Individual factors that 

were considered included WM (with Corsi blocks and digit span 

tasks), visuospatial abilities (with mental rotation, perspective-

taking and spatial visualization tasks), and wayfinding attitudes 

(divided into positive, i.e., pleasure in exploring, sense of 

direction and negative, i.e., pleasure in remaining in a known 

environment and spatial anxiety). The results of the SEM 

showed that age influences cardinal orientation through the 

mediation of visuospatial, WM and positive wayfinding attitudes 

factors. The WM factor was not at the same level as visuospatial 

abilities and attitude factors, but rather at a previous level given 

that it is a basic process that is susceptible to decline. Negative 

wayfinding attitudes were negatively predicted by age and WM 

factors but they did not predict pointing to cardinal points. This 

is further evidence of the importance of considering individual 

visuospatial factors and their various sub-aspects when 

examining spatial knowledge even in older adults. It is important 

to note that positive attitudes, especially pleasure in exploring 

places, can have a particular role in navigation learning in older 

adults. For instance, Muffato and De Beni [65] asked a sample 

composed of older adults to learn a path by watching a video and 

asked them to execute a route repetition and map drawing tasks. 

The model showed the role of older adults’ pleasure in exploring 

in predicting their ability to correctly remember the path (route 

repetition task), but not in a more demanding task, i.e. the map 

drawing task (which requires the participant to switch from the 

egocentric knowledge that was acquired during navigation 

learning to allocentric knowledge in order to solve the task). This 

suggests that older adults’ positive inclinations towards 

wayfinding proved to be functional to spatial learning, especially 

when the task required finding one’s way within the 

environment. On the other hand, having negative wayfinding 

inclinations, such as a higher level of spatial anxiety, is not 
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functional for older adults and may or may not be related to 

spatial knowledge [13]. When considered together, it seems that 

promoting positive wayfinding inclinations and lowering the 

level of spatial anxiety in the adult lifespan is a way to maintain 

successful spatial learning. 

 

In short, individual visuospatial factor – in terms of both abilities 

and attitudes – are related to older adults’ environment 

representations, and although visuospatial abilities decline with 

age they play a role in sustaining their environment learning. It is 

therefore essential to consider these individual visuospatial 

characteristics when considering environment performance at 

different ages. Aging models see aging as a multidimensional 

and multidirectional stage of life [67], with some competences 

becoming impaired and lost but also other strengths being used 

by older adults to compensate for their losses. Individual 

visuospatial factors should still be seen as strengths that continue 

to support environment learning in people throughout their lives. 

If this set of abilities and attitudes is preserved or enhanced 

throughout life, it could be the key to keeping older people 

independent and safe when moving throughout the environment 

and have an impact on their perceived quality of life [63]. 

 

4.3 The Case of Individuals with Intellectual Disabilities  

 
In several cases, individuals with ID showed reduced movement 

within the environment, including when moving to reach 

familiar places, as they are often accompanied by parents or 

relatives and make little use of public transport [68]. This is 

attributable to individual cognitive deficits that can create 

difficulties in forming environment representations, as well as to 

urban settings that are poorly designed for people with ID.  

 

Studies on navigation learning in individuals with ID showed 

that they experienced difficulties in selecting and efficiently 

using landmarks (at decision points; Courbois et al., [69]; or 

distal landmarks; Purser et al., [70]) while moving in the 

environment. Landmarks are part of environment representation 

and it is important to understand how landmarks are organized 

and related to one another to form a cognitive map in these 
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people. For this purpose, it is interesting to examine how the 

literature on ID has examined environment representation 

features. Several studies have examined navigation learning 

using virtual environments and assessed the participant’s ability 

to remember landmarks (landmarks knowledge), correctly 

retrace a route that they had previously seen (route knowledge) 

or take shortcuts, i.e. identify a shortcut linking two previously 

travelled routes (configure knowledge).  

 

For instance, Mengue-Topio et al. [71] asked a group with ID 

and another with no ID (matched based on chronological age) 

asked to learn two routes in a VE. They learned two paths in a 

city organized in regular blocks (3x3). In the test phase they 

were asked to cover the same route they had learnt (route task) 

and find a shortcut (configure task). The results showed that both 

groups of participants could learn the routes and reduce the 

travel distance across trials, but most of the participants with ID 

could not find the shortest route. However, the authors noticed 

that there is a large degree of variability in performance, with 

some participants exhibiting more efficient wayfinding 

behaviour than others.  

 

One way to circumscribe such variability is to examine and 

compare different neuro-developmental disorders to in order 

differentiate syndrome-specific impairments and those 

associated with having more general learning difficulties. A 

possibility is to consider Williams syndrome (WS) and Down 

syndrome (DS), two genetic disorders with a developmental 

level corresponding to around 6-8 years old. WS is a genetic 

disorder caused by a microdeletion of chromosome 7 (q11.23) 

that is associated with severe learning difficulties; those affected 

by WS show an uneven cognitive profile, with marked 

visuospatial impairments that contrast with relatively fluent 

language and high sociability. DS is a genetic disorder caused by 

abnormalities of chromosome 21; those affected by DS show 

relatively stronger visuospatial than verbal abilities. The 

wayfinding ability in both syndromes began to be examined 

some years ago. Some studies examined WS, others examined 

DS, and some compared the two. In the case of individuals with 

DS, this ability remained underexplored due to the assumption 
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that visuospatial abilities should represent a strength. Instead, 

visuospatial abilities, as presented above, are a large construct 

that includes several sub-components some of which can be 

strengths (as in spatial sequential working memory) and others 

not (as in simultaneous working memory and mental rotation). 

On the contrary few studies examined large-scale abilities (as 

navigation) in individuals with DS [72].  
 

Studies on individuals with WS showed that they encountered 

difficulties in using allocentric knowledge both in small- [73] 

and large-scale tasks [74]. Route learning ability is of interest in 

understanding to what extent this ability can be acquired in 

individuals with WS [75,76]. For instance, Broadbent et al. [75] 

asked to individuals with WS and TD (Typical Development) 

children (matched based on developmental level) to learn the 

path of a maze in a VE with or without landmarks. Then they 

had to retrace the same path seen during the learning phase and 

carry out the visual-matching (i.e. to look at two images of 

places at a time and recognise that of a place that had been seen 

when walking) and landmark-naming tasks. The results showed 

that individuals with WS can learn a route to a similar extent as 

participants with TD when landmarks were present, but they 

encountered more difficulties than TD when landmarks were 

removed and they learn a route without landmarks. Both groups 

correctly named the landmarks and matched visual information 

to a similar degree, which is indicative of an ability to use this 

visual information to aid navigation.  
 

As concerns individuals with DS, the first study that 

systematically examined the ability to acquire egocentric and 

allocentric knowledge was carried out by Courbois et al. [77]. In 

this study, individuals with DS and two other groups, one 

matched by chronological age (CA) and the other by mental age 

(MA), were asked to learn two paths (from A to B, and from A 

to C) in a city organized in regular blocks (3x3) and displayed on 

a PC monitor. This was accomplished by moving (using a 

keyboard and mouse) forwards and backwards along each route 

twice (the path was contained by visible barriers). After each 

path had been presented, participants were asked to judge 

whether the images reproducing landmarks along the path they 

had covered were correct (memory of landmark task). Then they 
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were asked to cover two previously-seen paths (presented in a 

balanced order), and this step was repeated until a participant 

had covered the route forwards and backwards twice without 

making any mistakes (route learning task), with a maximum of 

10 attempts. Finally, participants who had reached the criterion 

condition in the route learning task were asked to find the 

shortest route from B to C, and this trial was repeated until they 

had covered the shortcut twice (with a maximum of 10 attempts). 

The results showed that individuals with DS recognized fewer 

landmarks than the other groups. In the route learning task, most 

of the individuals with DS reached the criterion condition, while 

the other controls groups managed to do so easily. In the shortcut 

task, only 2 individuals with DS (out of 7) found the shortcut, 

and they did worse (covering a longer distance) than any of the 

other groups. These results indicate that individuals with DS can 

correctly learn and reproduce a previously-learnt path although 

they need to repeat the path more often in order to reproduce it 

correctly. In contrast, most of them were unable to find a 

shortcut, thus suggesting difficulties in forming a configured 

representation.  
 

The studies that compared individuals with WS and DS with TD 

children as a comparison group are of interest in detecting 

differences in difficulties that are encountered when forming 

environment knowledge after navigation, and some of them offer 

evidence of relations with individual difference measures. For 

this purpose, for instance, Farran et al. [78] considered three 

groups (individuals with DS and with WS, and TD controls), 

who navigated in a VE reproducing a city organized in 3x3 

blocks (similarly to Courbois et al., [77]). Two learning 

conditions were adopted (based on the assumption that the 

visibility and salience of the environment could influence 

environment representation accuracy): in one learning condition 

the environment was rich and the blocks looked realistic and 

detailed; in the other the environment was scattered with blocks 

that all presented the same brickwork. The participants learned 

two paths and then, during the testing phase, they had to retrace 

the same path from memory by repeating the return route (both 

of those learned) until they had completed it twice without 

making any mistakes with a maximum of 10 attempts (the 

criterion condition). The participants who reached the route-
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learning criterion condition followed the shortcut from B to C 

(with a maximum of 5 attempts). The results showed no effect of 

the type of environment, and in the route task individuals with 

DS and WS both reached the criterion, although with greater 

difficulty compared to the TD controls, and with poorest 

performance in individuals with DS. During the shortcut 

performance, the TD controls performed better than participants 

with DS and WS, and the performance of the latter was between 

that of the other two. Overall, both groups of individuals with 

DS and WS encountered difficulties in forming environment 

knowledge; these difficulties seem more marked in forming 

configured knowledge rather than route knowledge, especially in 

the DS group. These authors also examined the contribution of 

cognitive abilities. The assessed cognitive abilities included 

executive control (with a go/no-go task), sustained attention, 

switching attention, and selective attention, as well as 

visuospatial reasoning (Cattell test), and verbal (vocabulary) 

abilities. In the DS group, the cognitive variable that appeared to 

be more strongly related to route learning performance was 

executive control (response times in the go/no-go task). In the 

WS group, visuospatial reasoning was found to significantly 

account for route learning error. In the shortcut task, the 

underlying processing was hard to see in the DS group because 

not enough people attempted the task, while performance was 

related to the executive control measure (errors in the go/no-go 

task) in the WS group and to fluid reasoning in the TD group 

(where difference represented a function of the type of 

environment).  
 

It is also important to examine individual differences in people 

with ID. Recently, Farran et al. [79] asked caregivers (patents) of 

individuals with WS and DS to report their degree of general 

anxiety, navigation anxiety, sense of direction and navigation (in 

relation to behaviors and emotions when navigating). The results 

showed that both groups presented a relation between navigation 

anxiety and scores in their sense of direction (but not in 

navigation ability). Only in the case of the DS group general 

anxiety was related to sense of direction and navigation reports. 

The WS group seemed to encounter more difficulties than the 

DS group in road crossing situations and asking for help. 

Although there is no actual navigation performance, this 
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represents preliminary evidence of the role of individual 

variables (e.g., anxiety and sense of direction) in ID. 

Furthermore, Farran et al. [79] demonstrated the strong impact of 

parental confidence on both groups. This is consistent with Yang 

et al. [68] who, with a specific survey assessing the wayfinding 

of the reports of parents who accompanied their son/daughter to 

almost all their activities and felt anxious about letting them go 

to places by themselves.  
 

Evidence of the role of visuospatial individual factors in path 

learning in individuals with DS is provided by Meneghetti et al. 

[39]. In this study, a group of individuals with DS and a 

Typically-Developing (TD) group were asked to learn sequences 

of increasing lengths on a 4 × 4 Floor Matrix task. This can be 

accomplished by watching the experimenter’s moves (observer 

condition) or consulting a map reproducing the path (map 

condition). The task involved repeating increasingly long 

sequences of steps by actually moving in the grid. Several 

visuospatial measures (i.e., visuospatial reasoning, rotation, 

spatial visualization, working memory) were also administered 

and reported the participants’ everyday activity. The results 

showed that both groups benefited in observation conditions to 

the same degree with respect to walking condition, and that no 

group differences emerged. In both groups, visuospatial abilities 

were predictive of task performance in the observation and map 

conditions, and appeared even stronger in individuals with DS in 

the observation condition. Among the visuospatial tasks, the 

VSWM and spatial visualization tasks were the strongest 

predictors of task performance. Finally, the group with DS 

showed a significant relation between task performance in the 

observation condition and everyday spatial activity (as reported 

by parents).  
 

In summary, studies on ID and navigation showed that these 

individuals can reach route-egocentric knowledge while 

encountering more difficulties in forming survey-allocentric 

knowledge with some differences due to neurodevelopmental 

disorder that seems to penalize individuals with DS. It is possible 

to detect individual differences also in the ID population in terms 

of cognitive (attention, fluid reasoning) and visuospatial abilities. 

This therefore appears to be a field of research that is worth 
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further development, also in view of the implication of moves in 

everyday life.  
 

4.4 The Case of Athletes  
 

As opposed to the two sections above, there are conditions that 

may boost visuospatial abilities and wayfinding attitudes. One of 

these seems to be practicing a sport. Following the embodied 

cognition theory, in fact, even simple sensory motor interaction 

with the environment affects one’s cognitive development [80]. 

In particular, there is evidence that performance in simple motor 

tasks, such as standing on one leg, or fine dexterity tasks is 

associated with higher visuospatial abilities, such as spatial 

visualization and VSWM [81,82], while the absence (or 

reduction) of movement in children is negatively associated with 

such abilities [83]. Accordingly, a meta-analysis showed that 

similar brain regions are activated during motor tasks and when 

solving a mental rotation task [84], thus supporting, at cerebral  

level, the hypothesis of embodied cognition. Following this 

evidence, there is an increasing number of studies that examine 

the relation between the consistent practice of specific motor 

activities (i.e., sports) and the level of practitioners’ visuospatial 

abilities. A meta-analysis recently summarized these findings 

[85] the authors considered 24 studies that examined the relation 

between visuospatial abilities (distinguishing between mental 

rotation, spatial visualization, and spatial perception, Linn & 

Petersen, [25]) in sports experts by considering ball sports/open 

skills sports, combat sports, runners/cyclists, gymnasts/dancers 

and musicians (who, although not athletes, were still included 

given the high motor and spatial requirements of playing an 

instrument). The results showed that sports experts perform 

better in a series of visuospatial tasks compared to novice 

athletes or people who do not practice sports. Although the result 

seems to be consistent and quite large (Cohen’s d = .38, which is 

a standardized measure of the difference between the two 

groups; see https://rpsychologist.com/cohend/ for an easy and 

visual explanation of the effect), it appears to vary depending on 

the type of sport practiced and the different motor requests that 

characterize each sport. In this case, combat sports, gymnastics 

or dancing, and playing an instrument showed the largest effects. 

On the contrary, running or practicing a ball sport (e.g., soccer, 

https://rpsychologist.com/cohend/
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basketball) showed more limited effects on practitioners’ 

visuospatial abilities. The largest effects were found for spatial 

perception tasks, followed by the effects of mental rotation and 

spatial visualization. It should be noted, however, that only five 

studies used spatial perception tests, which makes this finding 

less reliable.  
 

On the basis of this evidence, Pietsch [86] proposed a theoretical 

model that suggests that each sport might present different 

degrees of motor activities. According to this model (which was 

inspired by the model proposed by Uttal et al. [30], these motor 

activities can be more or less intrinsic-extrinsic and more or less 

static-dynamic. From this perspective, sports which mainly 

request extrinsic-dynamic motor activities should cognitively 

affect (more) extrinsic dynamic visuospatial abilities (e.g., 

perspective-taking). For example, extrinsic-dynamic abilities 

should be enhanced by practicing soccer because it requires the 

player to perceive the relation in position between different 

objects (e.g., the goal, the lines) and/or other players or 

themselves also when in motion. Archers, on the other hand, 

could develop their extrinsic-static abilities because they are 

mostly required to perceive a fixed object in the environment 

(i.e., the target) in a precise way. For what concerns intrinsic 

abilities, the author supposed that fighters, for example, should 

be more prone to develop their intrinsic-dynamic abilities, such 

as mental rotation, because they are often required to rotate their 

and their opponent’s body, while runners should mainly work on 

intrinsic-static abilities because they have to maintain a steady 

balance state that does not require any manipulation of spatial 

objects. 
 

As well as being related with visuospatial abilities, practicing 

sports might also be related to one’s attitude towards the 

environment and ability to effectively navigate it (i.e. wayfinding 

abilities). There is evidence, in fact, that practicing sports is 

positively related to  the ability of participants in processes that 

underlie wayfinding abilities [87,88], such as the ability to keep 

track of one’s position in relation to the environment during 

locomotion, or path integration abilities [89]. The path 

integration task is based on guiding the participants blindfolded 

along two sides (A→B; B→ C) of a triangle-shaped path and 



Prime Archives in Psychology: 2nd Edition 

37                                                                                www.videleaf.com 

then releasing them so they can go back to the starting point. If 

the participants cover the missing side of the triangle (C → A) 

they demonstrate their ability to integrate environment 

information. There is evidence that this task is better performed 

by athletes than non-athletes [87,88].   
 

In addition to this evidence, it also appears that specific 

environment-based sports are related to environment learning 

ability. This is the case in orienteering, which is a sport that 

involves navigating an unknown environment to cover a series of 

points to reach a destination. Orienteering practice has been 

related to higher visuospatial abilities. This was also found to be 

true in studies that used different approaches: for example, 

Malinowski [90] found that participants with higher mental 

rotation abilities perform better in an orienteering race. Expert 

orienteers also showed higher mental rotation abilities in a study 

conducted by Schmidt et al. [91], thus suggesting that, given the 

involvement of mental rotation in orienteering, mental rotation 

can be developed with practice. Roca-González et al. [92] 

proved this hypothesis by means of a training study: participants 

who were trained in orienteering for a week showed higher 

visuospatial abilities (including mental rotation) at the end of the 

training compared to when they started. 
 

Furthermore, there is evidence of the relation of orienteering 

practice with wayfinding attitudes [93,94] and environment 

learning ability [94]. In fact, expert orienteers display higher 

wayfinding attitudes (e.g., sense of direction, knowledge and use 

of cardinal points, and everyday map use) than naïve orienteers 

and people performing leisure physical activity. Furthermore, 

expert orienteers were better able to learn a city map than people 

performing leisure physical activity, thus suggesting that the 

practice of environment-based sports might have effects on 

environment learning in general.  
 

In line with this evidence, Meneghetti et al. [95] further analyzed 

the direct and indirect effects of sports practice on visuospatial 

abilities, wayfinding attitudes, and environment-learning 

performance by considering judo. Judo, in fact, is a sport that 

requires the athlete to frequently rotate his or her own body axes 

and make the opponent fall on the ground through rotation and to 

monitor information coming from one’s own body and that of 
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the opponent in order to decide when and how to attack. These 

requirements fall under three main visuospatial abilities - 

intrinsic-dynamic, intrinsic-static, and extrinsic-abilities - that 

were expected to be developed in a judoka and were confirmed 

in the study. In fact, the results showed that the group of judokas 

highly outperformed the control group (composed of participants 

who performed leisure physical activities) in relation to 

visuospatial abilities, especially those involving rotation; they 

also displayed a higher sense of direction than the controls. On 

the contrary, the two groups did not differ in wayfinding abilities 

(when asking them to learn a path and then recall it through a 

series of recall tasks, i.e. route retracing and shortcut finding). 

However, the SEM demonstrated that practicing judo indirectly 

influences both wayfinding abilities and wayfinding attitudes by 

means of the intervention of visuospatial abilities. These results 

confirm, as in the above-mentioned studies, that visuospatial 

small-scale abilities are related to larger ones, and that expertise 

in sports can be considered an a-priory factor that can contribute 

to modulating relations among visuospatial abilities at a different 

scale. 
 

To summarize, the theory of embodied cognition suggests that 

motor activities are directly related to cognitive abilities, 

especially for what concerns spatial cognition. Accordingly, we 

presented evidence that practicing sports (i.e., specific and 

continuous motor activity) influences people’s visuospatial 

abilities, wayfinding attitudes and wayfinding performance, thus 

depicting a larger picture of the benefits of practicing sports for 

spatial cognition. However, further research is needed to verify 

its effect on wayfinding performance due to the lack of studies in 

the literature. 
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Figure 4: The relations among visuospatial abilities (small-scale), wayfinding attitudes, and navigation learning. These relations can be modulated by other individual features such as gender (males 

vs. females), age (as young vs. older adults), and sport practice (athletes vs. nonathletes). 
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5. Conclusions  
 

The current chapter has presented an introductory overview of an 

issue in spatial cognition referred to as visuospatial abilities 

(small-scale), wayfinding attitudes, navigation and environment 

learning (large-scale). Navigation learning is a complex activity 

that may be divided into several components [1,3,4] and has 

been extensively examined using a VE presenting a tour or 

asking the participants to find a destination. This is followed by 

different types of recall tasks, which range from repeating a 

previously covered route (egocentric knowledge) to making 

inference or changing perspectives, to finding shortcuts or 

drawing a map (allocentric knowledge). Small-scale visuospatial 

abilities are composed of a sub-set of abilities (e.g., rotation, 

perspective-taking) according to the considered classification 

[25,30]. In addition, there are wayfinding attitudes that include a 

series of self-perceptions about one’s preferences and strategies, 

e.g., individual sense of direction, spatial anxiety, pleasure in 

exploring, spatial self-efficacy [12,39].  

 

The relation between small-scale abilities, wayfinding attitudes 

and large-scale abilities (in terms of navigation) has been 

examined using different methods. One consists in comparing 

groups of individuals that differ in certain spatial 

performance/self-report measures and observing differences in 

other tasks [46,47]. Another frequently used methodology 

consists in analyzing the relation at a continuous level through 

correlation models. In the latter cases the previous studies 

[10,12,39] showed that: i) small-scale abilities are related to 

wayfinding attitudes and large-scale abilities; when both small-

scale and wayfinding attitudes are considered at the same time 

the role of abilities is larger than that of attitudes; ii) the models 

increasingly considered multiple wayfinding attitudes and small-

scale abilities in relation to different recall tasks (to assess 

environment learning), thus showing differences in the role of 

individual abilities in environment learning as a function of the 

performed recall tasks (e.g. Muffato et al., [64]). Most of these 

studies showed that small-scale abilities and wayfinding attitudes 

are directly related to large-scale abilities [10,96], and others 

demonstrated that this relation is indirect due to the intervention 
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of other abilities [50,51]. The pattern of the relations between the 

above-presented variables seems to be confirmed upon 

examining individual differences in terms of comparing 

individuals that are representative of different populations. For 

instance, studies have demonstrated that gender can be 

considered an individual difference factor that modulates the 

relations along with small-scale, wayfinding attitudes and large-

scale abilities [13,43]. However, a deep analysis showed that the 

role of gender is related to some variables, such as the type of 

environment used to learn and the type of task to assess recall 

where gender differences could be present or reduced [42].  

 

Other individuals of interest to consider in environment learning 

and navigation are older adults. Despite their decline in small-

scale and large-scale abilities (where allocentric abilities are 

more subject to decline), visuospatial abilities and wayfinding 

attitudes are related to environment learning. The role of age on 

environment learning accuracy has proven to be indirect by 

means of intervention of small-scale and/or wayfinding attitudes 

[50,64]. Individuals with ID were also taken into account: in this 

case the studies considered groups with different neuro-

developmental disorders such as DS and WS, and compared 

them with TD groups. What emerged is how navigation learning 

is implemented in a VE and how knowledge is assessed. This 

analysis revealed that these populations are able to form route 

knowledge, but they encounter more difficulty in forming 

allocentric knowledge, and that such difficulty seems more 

marked in the DS group [77,78]. Few studies have examined the 

role of individual differences in these groups of individuals and 

demonstrated that environment knowledge is supported by 

cognitive abilities [78] as well as visuospatial ones [39].  

 

A virtuous example of the relation between individual 

visuospatial variables is offered by athletes. Studies showed that 

higher expertise in sports is associated with higher visuospatial 

small-scale abilities [85] and also provided evidence of higher 

wayfinding attitudes and environment learning [93,94]. Also in 

this population, inserting the group (i.e. athletes) as an initial 

factor (as previously done with older adults; [12,43]) predicted 

small-scale visuospatial abilities and, in turn, predicted 
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environment learning. Overall, these studies on different 

populations lead to the conclusion that small-scale abilities and 

wayfinding attitudes have an impact on environment learning 

(either directly or mediated by some other variables). Moreover, 

certain characteristics of the population such as gender, age, or 

sport activity are further factors capable of modulating the 

relations between variables.  

 

We believe that this introductory review could inspire future 

research. Potentially developing, albeit under investigated, issues 

include: i) the malleability of abilities, both in terms of large-

scales, such as training navigation abilities and the role of 

individual difference measures [97,98]; and  training small-scale 

abilities and their benefits on other abilities (such as environment 

learning; Uttal et al., [39]); ii) the learning conditions that can 

favor (or limit) the formation of an environment representation. 

Given that populations that are more fragile in terms of 

visuospatial abilities (e.g., aging, ID) seem limited in forming 

allocentric knowledge, it would be interesting to examine how to 

optimize route knowledge and develop (in ID) or maintain (in 

older adults) allocentric knowledge; iii) other populations as 

people with expertise in STEM (science, technology, 

engineering and mathematics) abilities could be considered, 

given their relation with visuospatial abilities [99]; iv) the role of 

external individual factors in terms of environment features (e.g., 

complexity of surround, layout disposition) are related to 

cognitive maps and individual differences [22]; the examination 

of how environment features influence environment 

representation, and whether certain individual differences 

features can favor representation accuracy, is a matter of great 

interest; v) given the role of others in the decision-making 

processing while wayfinding [4] and given that this issue has yet 

to be deeply investigated, future studies should consider the role 

of others (both co-navigators and people acting as a cue for 

wayfinding) in the environment and their visuospatial factors in 

order to investigate whether navigation learning is influenced by 

the individual differences of the navigator and other people 

present in the environment.  
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In conclusion, this chapter provides insight on visuospatial 

abilities at different scales and how they are related among each 

other and reflects on how such abilities may be studied in 

different populations in the hope that it will inspire future 

generations of scholars in the field.  
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