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Abstract:  

Background: Military pilots show high visuo-spatial skills. Previous studies 

demonstrate that they are better in mental rotating a target, in taking different 

perspectives, in estimating distances, in travel planning and in topographic 

memory. Here, we compared navigational cognitive styles between military pilots 

and people without flight experience. Pilots were expected to be more survey users 

than non-pilots, showing higher navigational strategies. Method: 106 jet military 

pilots of Italian Air Force and 92 non-pilots were enrolled in order to investigate 

group differences in navigational styles. Participants were asked to perform a 

reduced version of the Spatial Cognitive Style Test – SCST, consisting of six tasks 

that allow to distinguish individuals in landmark (people orient themselves by using 

a figurative memory for environmental objects), route (people use an egocentric 

representation of the space) and survey (people have a map-like representation of 

the space) users. Results: In line with our hypothesis, military pilots mainly adopt 

a survey style, whereas non-pilots mainly adopt the route style. In addition, pilots 

outperformed non pilots in both the 3D-Rotation task and Map Description Task. 

Conclusion: Military flight expertise influences some aspects of the spatial ability, 

leading to enhance human navigation. Although, it must be considered that they 
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are a population whose navigational skills were already high at the time of selection 

at the academy before formal training began. 

  

Keywords: Cognitive style; Spatial Cognition; Sense of Direction; Spatial 

Orientation; Mental Rotation; Individual Differences 

 

1. Introduction 

 

Navigation in spatial surroundings is a cognitive process that requires a 

prolonged maturation with the progression of skills, strategies and proficiency over 

the lifespan. Several theoretical frameworks have been advanced to explain how 

environmental knowledge is acquired and what stages encompass. One of the first 

seminal theoretical model still considered today was the one advanced by Siegel and 

White [1]. These authors hypothesized that environmental knowledge is acquired 

following three separate and hierarchical steps. The first one is focused on landmark 

knowledge and is characterized by a figurative memory of environmental objects (i.e., 

buildings, fountains, shops, monuments). At this knowledge step, individuals may 

beacon towards a salient landmark, but they lack the egocentric and allocentric 

information allowing to build up relationships between the individual and 

subsequent landmarks, as well as the relationship between landmarks along a path 

or absolute relationships between landmarks. The second step is a route knowledge in 

which, through an egocentric perspective, the self-position allows to determine the 

relation between landmarks met along the path. Finally, the last step is the survey 

knowledge, in which a map-like representation is built, and through an allocentric 

perspective the mental environmental representation exists in spite of the self-

position. When individuals reach this last step, they are able to find shortcuts and to 

master a metric knowledge of the environment itself. This model, although still 

adopted, is not free from criticism and since 1990 a series of other theoretical models 

have been proposed in order to explain how the acquisition of environmental 

information and the creation of a representation of the surrounding world takes 

place [2-4]. Specifically, Tversky [2] suggests that for human beings it is mandatory 

to take into account language, thus in order to develop environmental knowledge a 

further stage would be based on the linguistic spatial categories. Montello [3], on the 

contrary, disagrees on the hierarchical rigidity of the model and suggests that survey 

knowledge can be achieved even after a fleeting exposure of an environmental map 

and that not necessarily an individual has to cross the 3 steps assumed by the Siegel 

and White’s Model.  

Undoubtedly, regardless of the theoretical model concerning the environmental 

knowledge, several factors intervene in determining proficiency during spatial 

orientation. In general, such factors have been distinguished in internal and external 
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factors. Among external factors, there are environment configuration, landmarks 

visual accessibility, circulation systems, and sign age [5-6]. Differently, between 

internal factors, there are: the individual's inclination to capture some 

environmental information rather than others (field dependence/independence: [7-

11]), gender ([12-19]), age ([20-25]`, familiarity with the environment and job-related 

expertise ([4, 26-33]).  Internal factors can also include the navigational strategies 

that the individual prefers to use to navigate. Indeed, according to some authors, the 

three environmental knowledge steps proposed by Siegel and White correspond to 

three different strategies or spatial cognitive styles (SCSs) that the individuals use 

when moving through the environment [34-35] in spite of their level of 

environmental knowledge. As a consequence, individuals may be distinguished in 

landmark (LS), route (RS) and survey (SS) users, which correspond to three different 

levels of navigational skills. Landmark style users are less able than route and survey 

style users. Analysing navigational behaviour landmark style users are poor 

navigators and experience very often the feeling of getting lost, while route style 

users are more skilled at estimating the place and the time in which they have to 

turn right or left at a specific reference point in an egocentric perspective. Finally, 

survey style users are good navigators, they have an external perspective, such as a 

bird's-eye view, which allows for direct access to the global spatial layout [36] and 

are able to plan more flexible and efficient navigational strategies [7]. Moreover, 

Bocchi et al. [7] found that the navigational style also affects the sense of direction 

(SOD). People with survey style have better sense of direction than people with 

landmark or route styles (e.g.[37]) and they are more proficient in solving navigational 

problems, as well as in travel planning [38-39]. 

There is no doubt that the most of studies of spatial cognition have focused on 

internal factors, while external factors are of more interest to architects and 

geographers. Specifically, among internal factors, familiarity with the environment 

and job-related expertise deserves great attention because they are the most 

modifiable and least stable over the lifespan. For example, as familiarity and 

exposure time with the environment increase, women who are generally less able 

than men to navigate achieve performance comparable to that of men [4,40]. Of 

course, familiarity and job-related experience are not really the same thing because 

while job-related experience allows one to generalise specific knowledge to similar 

situations, familiarity means that the person has only acquired high skills in that 

environment and is not able to transfer them to other environments, so the landmark 

user will remain a landmark user when approaching a new environment for the first 

time. In particular, navigational trainings that are similar to the experience gained 

at work have wider effects by producing jumps in the developmental stages that are 

acquired before time (e.g., [41]). This is noteworthy in terms of cognitive reserve and 

successful ageing as well as in terms of fallout of the effects on other skills. For 

example, it is known that mathematical disciplines are related to some aspects of 

spatial orientation [42-43] that could be potentiated through spatial cognition 

training. Among the internal factors, navigational strategies and cognitive styles 

play an important role because they can also influence other aspects of everyday life. 
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In a recent work, Nori et al. [44] have highlighted how being able to have a mental 

survey representation allows making fewer mistakes and infractions when driving 

a car. Similarly, Bocchi et al. [45] found that having a mental survey representation 

allows to implement an efficient strategy to search for a lost object. Generally 

speaking, cognitive style is the way people perceive the world, organise 

environmental information and process it. Even cognitive style can influence the 

appreciation of a work of art (e.g., [46]) and with respect to spatial orientation make 

individuals able to grasp different aspects of the environment and consequently 

extrapolate some spatial clues rather than others. It is a pervasive psychological 

dimension of individual, it is relatively stable across life, although it may adapt to 

environmental changes and pressures [47-48]. 

Although some spatial abilities may be innate, most navigational skills require 

time to fully mature and develop gradually and at distinct time points during 

childhood and early adolescence, even if spatial training may proficiently improve 

them [41-49] allowing some navigational milestones to be reached before normal 

maturity. 

Considering navigational strategies, for some authors (e.g. [34-35]), they 

correspond to actual cognitive styles that trace the stages of acquisition of 

environmental knowledge described by the Siegel and White’s model individuating 

three different styles (landmark; route; survey) with distinguished competences. 

Specifically, survey users have better performance at perspective taking and spatial 

orientation tasks, are good at finding their way back to a starting position along a 

path they experienced just once, they build more complex and flexible map-like 

representation, and they study a map exploring it with a more efficient eye-

movement pattern [50-51-52]. Undoubtedly, literature on spatial orientation and 

military pilots highlights their higher levels of spatial skills than general population. 

Indeed, in order to be able to fly on a military jet, they need a better visuo-spatial 

working memory and attention, they must be very quick to mentally rotate 3D 

objects and process environmental information, as well as to make directional 

judgements [29, 53]. Furthermore, they have a better topographic memory than non-

pilots [28]. Gender differences are absent in these population suggesting that  

the type of selection to be admitted to the flight training only allows entry to those 

individuals who have very good visual-spatial skills [28]. When asked through 

informal interviews about their navigational skills, they spontaneously report that 

they have always a very good sense of direction and believe that this is something 

innate, although they recognise that there are many people in the world who are not 

so good at moving around in a new city or in their own city. They also imagine that 

this ability is also linked to the type of work they do, which has certainly contributed 

to increase their ability, although studies in the literature do not always find a 

relationship between flight hours and navigational ability [28-29]. In this vein, also 

Sutton et al. [54] reported that even undergraduate student pilots were more 

accurate at estimating directions between landmarks in a virtual town when 

compared with non-pilot controls. Furthermore, military pilots are more able in 
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recognizing 180° rotated objects than non-pilots when they have to estimate 

directional judgments of points learnt in a different environmental perspective [29].  

In this special population, the gender differences that are observed in the 

general population with respect to mental rotation and navigation are not present, 

and this would suggest the existence of a higher cognitive style and the use of 

survey strategy that would partially explain their spatial skills. For example, 

Glicksohn and Naor-Ziv [55] found that pilots were more field independent than 

other populations, they scored lower on Neuroticism, and they scored higher on 

Experience Seeking. These authors also found a distinctive profile for military pilots 

relative to others who had served in combat units in the military. 

To our knowledge, no studies have investigated which navigational style 

military pilots adopt during navigation. In several studies, Verde and co-workers 

[28-29-30] hypothesize that military pilots should be survey style users taking into 

account for their efficiency in mental rotation, topographic memory and taking 

perspective tasks. However, in their studies just self-report measures have been 

used, therefore authors could not draw any conclusion about the percentage of 

survey stile users in this population.  

In the present paper, we intend to investigate if military pilots have developed 

higher navigational strategies than general population, and whether these strategies 

have been developed as a consequence of their job-related training or are innate and 

already existing at the time of selection to enter at the military academy. As a 

consequence, we formulate the following hypothesis: military pilots, that are more 

skilled in cognitive processes underlying navigation, adopt more survey 

navigational strategies than non-pilots and distribution of the three styles is 

significantly different from that in the non-pilots group. Indeed, in previous studies 

military pilots self-reported to be more prone to use survey than route or landmark 

navigational strategies (see in [28]). In the present study, we also explore the weight 

of flight hours on their performance in navigational tasks investigating whether, as 

flight hours increase, their ability in space tasks increases in terms of accuracy and 

timing, or whether this ability is independent of related work experience but is the 

consequence of a selection of certain cognitive characteristics that make an 

individual a good pilot. 

 

2. Materials and Methods 

2.1. Participants 

One hundred ninety-eight healthy men (mean age=29.22 ± 6.94; age range=19-50) 

were enrolled for the experiment. Participants have been divided into two groups: 

92 non-pilots (mean age=25.92 ± 4.73; age range=19-40) without flight experience 

and 106 jet military pilots of the Italian Air Force (mean age=32.08 ± 7.30; age 

range=20-50), with the following flight experience: mean hours of flight=724.11 ± 

1205.02.; flight range=15-6000. All participants signed written informed consent 
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before undergoing the experiment. As indicated by the anamnestic questionnaire, 

none of the participants had a history of neurological or psychiatric disease. All 

subjects gave their written informed consent before taking part in the experimental 

testing. The local Ethics committee, in agreement with the Declaration of Helsinki, 

approved this study.  

2.2 Procedure 

Before the experimental session, participants were informed about the aim, 

procedure of the study, their rights and the possibility to stop the experiment at 

any time they need. Afterward, participants signed a written informed consent and 

a brief anamnestic questionnaire in which they had to indicate age, educational 

level, addictions and state of health. Then, the Spatial Cognitive Style Test – SCST 

[56] was administered individually for each participant of both groups in a quiet 

room. 

2.3 Measures 

The Spatial Cognitive Style Test – SCST was designed in order to evaluate the three 

navigational cognitive styles (LS, RS, SS) used by people to move successfully 

through the environment. More specifically, in this study, we adopt a short version 

of the SCST, which includes six different tasks (the Photo Task, Figure Task, 

Sequence Task, Map Description task, Three-Dimensional- 3D Rotation Task, and 

Sum and Straighten Task), two for each navigational style. Seven items randomly 

presented composed every task, and for each subtest, the accuracy and the 

execution time scores were considered. The subtest of the SCST, divided for 

navigational strategies, are described in detail below.  

 2.3.1. Landmark tasks 

Photo Task. Participants were asked to study for 3 seconds a photo representing a 

building. Afterward, they had to recognize the building previously studied 

amongst four similar photos (seven trials; see Figure 1 A). 

Figure Task. Participants had to study seven shapes for 75 seconds and were asked 

to recognize them amongst 50 different figures, including the seven shapes 

previously studied (seven targets and 43 fillers; see Figure 1 B). 

2.3.2. Route tasks 

Sequence Task. Participants were asked to study a photo representing the 

environmental scene from a first-person perspective for 15 seconds. Then, 

participants have presented the photo divided into separate parts (3,4, or 5 parts). 

The aim was to arrange the parts correctly, reconstructing the previously studied 

photo (seven trials; Figure 1 C). 
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Map Description Task. Participants were required to describe a pathway depicted 

on a map. Starting from a purple dot, participants had to describe the route to 

reach a black dot by reporting the correct sequence of seven right–left turning 

points. Rotation of the map was explicitly required to perform the task (see Figure 

1 D).  

2.3.3. Survey tasks 

Three Dimensional (3D) Rotation Task. Participants were asked to observe a 

picture of a TV on the left of the A4 paper. Afterward, they had to mentally rotate 

the shape in the direction indicated by one or two arrows following four possible 

rotations (90° to the left on the vertical axis; 90° to the right on the vertical axis; 90° 

from the top down on the horizontal axis: 90° from the ground upwards on the 

horizontal axis). Then, participants had to choose the correct rotation amongst five 

possible pictures reported on the A4 paper (seven trials, see Figure 1 E). 

Sum and Straighten Task. Participants had to mentally sum and straighten a 

series of three segments depicted on an A4 paper in order to obtain the actual 

length and then indicate the correct answer among four alternatives (seven trials; 

Figure 1 F). 

Based on the cumulative nature of the Siegel and White model’s as above 

described and following the criteria of Nori and Giusberti [56-57], we classified 

participants as Landmark Style (LS) Users if they provided at least 80% of correct 

answers (score = > 5) on the two landmark tasks less than five correct answers on 

both the route and survey tasks. Participants who gave at least 80 % of the correct 

answer in both the landmark and route tasks and less than five correct in the survey 

tasks were classified as Route Style (RS) Users. Finally, participants who provided 

at least 80 % of correct answers in the landmark, route and survey tasks were 

considered as Survey Style Users (SS). For two participants (one for each group), it 

was not possible to define the navigational style. 
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 1 

 2 

Figure 1. An example of each type of tasks (landmark; route and survey).3 
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3. Results 

In order to evaluate the distribution of the three navigational styles in both groups (pilots and 

non-pilots), Cochran’s Q test was performed. Regarding the pilots group, the variation amongst the 

three navigational styles (frequencies amongst the three navigational styles are reported in Table 1) 

was significant (Cochran’s Q2=88.91; p=.00). More specifically, the comparisons were significant 

between LS and RS (Cochran’s Q1=26.00; p=.00); LS and SS (Cochran’s Q1=59.00; p=.00) and RS and 

SS (Cochran’s Q1=33.00; p=.00).  

Pilots Group 

Cognitive Style Frequencies Percentages 

Landmark 7 6.61 % 

Route 33 31.13 % 

Survey 66 62.26 % 

Table 1. The frequencies of the three cognitive styles in the pilots group 

Regarding the non-pilots group, the variation amongst the three navigational styles 

(frequencies amongst the three navigational styles are reported in Table 2) was significant 

(Cochran’s Q2=60.25; p=.00). More specifically, the comparison between LS and RS was significant 

(Cochran’s Q1=32.00; p=.00) as well as between LS and SS (Cochran’s Q1=30.00; p=.00). The 

comparison between RS and SS was not significant (Cochran’s Q1=2.00; p=.16).   

Non-Pilots Group 

Cognitive Style Frequencies Percentages 

Landmark 10 10.87 % 

Route 42 45.65 % 

Survey 40 43.48 % 

Table 2. The frequencies of the three cognitive styles in the non-pilots group 

Three different Cochran’s Q tests were performed, one for each navigational style to evaluate 

the distribution of the three navigational styles in both groups. Frequencies amongst the three 

navigational styles for pilots and non-pilots are reported in Table 3. Regarding the LS, no 

differences were found between pilots and non-pilots (Cochran’s Q1=3.00; p=.083) whereas, 

significant differences were found for both RS (Cochran’s Q1=9.00; p=.03) and SS (Cochran’s 

Q1=26.00; p=.00). Therefore, military pilots seem to show more complex navigational strategies than 

non-pilots.   
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Pilots vs Non-Pilots Groups 

Cognitive Style Pilots Frequencies Non-Pilots Frequencies 

Landmark 7 10 

Route 33 42 

Survey 66 40 

Table 3. The frequencies of the three cognitive styles in both pilots and non-pilots groups 

Afterward, in order to evaluate the differences between pilots and non-pilots in each task of 

the SCST, we performed six separate one-way analyses of variance (ANOVA) with group (pilots vs. 

non-pilots) as independent variable and the accuracy score of each task of the SCST (Photo Task, 

Figure Task, Sequence Task, Map Description Task, Three Dimensional Rotation Task and Sum and 

Straighten Task) as dependent variables. No differences between groups were found in the Photo 

Task (F1, 196= 1.51; p=.22; 𝜂𝑝
2= .008); Figure Task (F1, 196= 0.23; p=.88; 𝜂𝑝

2 = .000); Sequence Task (F1, 196= 

2.40; p=.12; 𝜂𝑝
2= .012) and Sum and Straighten Task (F1, 196= 2.40; p=.12; 𝜂𝑝

2= .012). Whereas we found 

that pilots outperformed non-pilots in the Map Description Task (F1, 196= 14.37; p=.00; 𝜂𝑝
2= .068) and 

the Three Dimensional Rotation Task (F1, 196= 11.56; p=.001; 𝜂𝑝
2= .056). See Figure 2. 

  

Figure 2. A. Mean plot: In the x-axis, the two groups (pilots and non-pilots) are reported. The y-axis shows 

the participants’ mean accuracy score on the Map Description Task of the Spatial Cognitive Style Test 

(SCST); B: Mean plot: In the x-axis, the two groups (pilots and non-pilots) are reported. The y-axis shows 

the participants’ mean accuracy score on 3D Rotation Task of the Spatial Cognitive Style Test (SCST). 

 

Moreover, we performed six separate one-way analyses of variance (ANOVA) with the 

execution time of every task of the SCST as dependent variable and the group as independent 

variable. Pilots seem to be slower than non-pilots in the Photo Task (F1, 196= 18.80; p=.00; 𝜂𝑝
2= .088), 

the Figure Task (F1, 196= 12.95; p=.00; 𝜂𝑝
2= .062), the Sequence Task (F1, 196= 12.73; p=.00; 𝜂𝑝

2= .061 ), and 
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the Map Description Task (F1, 196= 8.69; p=.004; 𝜂𝑝
2= .042). No significant differences were found in 

the Three Dimensional Rotation Task (F1, 196= 2.95; p=.087; 𝜂𝑝
2= .015) and the Sum and Straighten 

Task (F1, 196= 3.04; p=.083; 𝜂𝑝
2= .015). See Figure 3. 

 

 

Figure 3. Mean plot: In the x-axes, the two groups (pilots and non-pilots) are reported. The y-axes 

show the participants’ mean execution time (sec) on the Photo Task (A), Figure Task (B), Sequence Task 

(C) and Map Description Task (D) of the Spatial Cognitive Style Test (SCST). 

In order to evaluate whether the pilots’ expertise could influence their performance on the 

SCST, a correlation analysis was performed considering the flight hours and the accuracy score of 

each task of the SCST. No significant correlations were found. Descriptive statistics and Pearson’s 

correlation amongst the different variables are reported in Table 4. 

 Min Max M SD 1 2 3 4 5 6 7 

SCST - 

Photo Task  

(1) 

5.00 7.00 6.80 .42 1 .05 .08 .06 .03 .01 .09 
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SCST - 

Figure 

Task (2) 

4.00 7.00 6.56 .68 .05 1 .08 -.03 .07 .08 -.07 

SCST - 

Sequence 

Task (3) 

2.00 7.00 6.19 1.08 .08 .08 1 .04 .36 .10 .02 

SCST - 

Map 

Description 

Task (4) 

2.00 7.00 5.96 1.83 .06 -.03 .04 1 .17 .03 -.09 

SCST – 3D 

Rotation 

Task (5) 

2.00 7.00 5.93 1.17 .03 .07 .36 .17 1 .006 .01 

SCST - 

Sum and 

Straighten 

Task (6)  

.00 6.00 3.12 1.20 0.1 .08 .10 .03 .00 1 -.06 

Flight 

hours (7) 

15.00 6000.00 724.11 1205.02 .09 -.07 .02 -.09 .01 -.064 1 

Table 4. Descriptive statistics and Pearson’s correlations among accuracy scores of the SCST tasks and 

flight hours. 

Finally, in order to evaluate whether the pilots’ expertise could influence their performance on 

the SCST in terms of execution time, Pearson’s correlation analysis was performed considering the 

flight hours and the execution time of each task of the SCST. The analysis showed that the Map 

Description Task positively correlated with flight hours (r=.247; p=.011). No significant correlations 

were found amongst the other task of the SCST and flight hours. Descriptive statistics and 

Pearson’s correlation amongst the different variables are reported in Table 5. 

 Min Max M SD 1 2 3 4 5 6 7 

SCST - Photo Task  

(1) 

10.01 86.03 27.40 13.36 1 .28 .45 .19 .14 .14 -.02 

SCST - Figure Task 

(2) 

18.00 260.00 65.95 37.35 .28 1 .180 .13 .18 .10 -.07 

SCST - Sequence Task 

(3) 

34.00 284.57 86.24 34.59 .45 .18 1 .38 .37 .36 .04 

SCST - Map 

Description Task (4) 

5.66 64.00 24.01 12.30 .19 .13 .38 1 .32 .15 .24 
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SCST – 3D Rotation 

Task (5) 

23.00 200.94 76.60 35.40 .14 .18 .37 .32 1 .34 -.15 

SCST - Sum and 

Straighten Task (6)  

27.51 411.56 95.52 56.41 .14 .10 .36 .15 .34 1 -.11 

Flight hours (7) 15.00 6000.00 724.11 1205.02 -.02 -.07 .04 .24 -.15 -.11 1 

Table 5. Descriptive statistics and Pearson’s correlations among execution time scores of the SCST 

tasks and flight hours. The correlation of interest is reported in bold. 

 

4. Discussion 

In the present study, we investigated whether military pilots showed more survey 

navigational strategies than non-pilots and whether flight hours may explain in 

part the use of higher navigational strategies in this special population. It is known 

in literature that spatial training may enhance significantly performances ([49]  for 

a review) and this is true also with respect to years of work experience, Maguire 

and co-workers [58-59] showed that London taxi drivers had a larger hippocampus 

than other categories as a result of their environmental knowledge, which was 

explicitly required even to obtain a licence to drive a taxi. Our results showed that 

in the military pilots the distribution of the navigational styles is different from 

that of the control group with respect to route and survey style users. Generally 

speaking, in the non-pilot population the most of individuals use route 

navigational strategies to move through the environment, a few individuals are 

landmark users, and equally a few individuals are survey users to demonstrate 

that there are a few people with little or no navigational skills and a few with 

excellent navigational skills. On the other hand, the ability to move around in the 

environment for humans is a skill that is learned in the very first months of life and 

perfected with practice. It is one of those skills in which a neurodevelopmental 

disorder (developmental topographical disorientation) has been described that can 

affect healthy individuals who fail to develop adequate navigational strategies [60-

61]. On the other hand, there are also individuals who have strong navigational 

skills, explorers, orienteers, forestry guides and undoubtedly also pilots who, 

although they do not practice ground navigation, need to use quickly all those 

cognitive processes that are at the basis of the ability to navigate successfully in 

order to fly. A military pilot needs to be fast and accurate when mentally rotate a 

target, he has to learn fast a spatial configuration, he has to have an accurate 

mental environmental representation [62] and in general to have cognitive 

resources useful to process spatial information. Interestingly, we also found that 

even if military pilots are better in these skills already at the time of selection to 

enter the academy, certain aspects of navigation are influenced by flight hours, e.g. 

pilots with more flight hours spent more time in Map Description task with respect 
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others. So also in the case of pilots, the effects of the work they do affect their skills, 

which increase over time. Survey users have a map-like representation regardless 

of their position, which implies the use of an allocentric perspective in which the 

mental representation of the environment exists in spite of the individual’s 

position. That means a better ability to reach a planned goal, to find novel paths 

and shortcuts when the familiar route is not accessible and to have metric 

knowledge. It is also known that the relationship with the environment is 

reciprocal because the mental representation is modified whenever an 

environmental change occurs. A peculiar case that has been studied is the mental 

reorganisation that an individual is forced to do when due to a natural disaster the 

environment is completely changed. In that case the individual is exposed to a 

kind of intensive navigational training that leads him to relearn the environment. 

This is the case, for example, described by Piccardi et al. [63], who find that 

individuals exposed to the L’Aquila earthquake without psychological disorders 

have an increase in topographic memory capability resulting from the need to 

relearn the configuration of the surrounding environment. These data are in line 

with the fact that although pilots are certainly already individuals with a 

propensity for spatial orientation, as flight hours increase, some crucial 

navigational skills improve, at least in terms of speed of execution. The presence in 

our sample of more survey style users support data of past studies in which 

military pilots self-reported to use cardinal points to orient themselves, to visualize 

a path not in first-person perspective but like a map and to think about distances in 

meters. Our results are also in line with those found by Glicksohn and Naor-Ziv 

[55] in which they observed the presence of more field independent individuals in 

military population with respect to other populations. Considering the single tasks 

of the SCST, we found that military pilots outperformed non-pilots in two tasks: 

the Map Description Task and the Three Dimensional Rotation Task. In both tasks 

pilots are more accurate than non-pilots. When the execution times are considered, 

pilots appear slower than non-pilots in the Photo Task, the Figure Task, the 

Sequence Task, and the Map Description Task. It is important to point out that 

execution times are taken but the subjects are never told to be fast, but to be 

accurate, this could be an explanation for the slowness of execution of some tasks 

in the group of pilots it is as if in the absence of an explicit order of speed they 

preferred greater accuracy of execution. In fact, when they are specifically told to 

be fast, their performance outperforms that of the general population. In fact, 

Verde et al. [53] found that pilots are much faster than non-pilots in two-

dimensional rotations. Differently, in the present study, we found no difference 

with non-pilots in terms of speed in three-dimensional rotations, but the 

instructions provided in the two studies were different, whereas in Verde et al [53] 

pilots were explicitly told to be accurate and fast here they were only told to be 

accurate. The present result is also in line with the data emerging in Verde et al [29] 

with respect to directional judgements, where pilots are slower in providing 

directional judgements but are much more accurate even when judgements are 

counter aligned. 
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Undoubtedly, maintaining orientation during flight requires rotating in three 

dimensions with higher workload than spatial orientation in ground navigation 

and it is surely a critical skill for a flight expert. A military pilot has to have 

navigational awareness that requires to establish the geometries between egocentric 

and allocentric systems that would explain their attitude in mentally represent the 

environment like a map without considering their own position. To reach such 

awareness, the mental rotation ability in addition to triangulation, image 

comparison and translation represent the four fundamental cognitive operations 

necessary during the pilots’ flight [64]. Considering our data, we can state that the 

flight expertise and specific flight training practiced by pilots would not seem to 

completely influence the type of ground navigational style, pilots self-perceived 

themselves as people with a good sense of direction also in ground navigation 

context (see [28]) and indeed they performed better than non-pilots several tasks 

characterizing the survey users. Surely, a high spatial attitude characterizes this 

special population, and it is certainly thanks to this attitude that they were able to 

pass the selection and enter the Academy. To all intents and purposes, our data 

seem to confirm what had emerged in some of our previous studies that 

professional experience has a minimal effect on the skills already present in this 

population. So in military pilots case it would be a selection bias that groups 

together for the purpose of carrying out this profession already individuals with 

high visuo-spatial skills.  
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