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ABSTRACT

Gender differences in spatial ability are widely acknowledged, but
research to date is equivocal on gender differences in wayfinding
ability of children. Indeed, the precise nature of the relationship
between gender and wayfinding needs further exploration,
especially within real-world outdoor environments. There is a need
for more research on this topic, not least to better understand the
implications of gender differences in wayfinding for facilitation of
our educational programs. This article focuses on this issue by
seeking to explore children’s map understanding and map use in
relation to gender in a large-scale outdoor environment. Ninety-
seven children, 3-13 years old, were presented with a pictorial map
with 7 controls which they had to locate in any order. Measure of
accuracy in wayfinding (number of correctly identified controls)
indicate small gender differences. However, measure of efficiency in
wayfinding (time spent on the task) indicate that boys outperform girls.

RESUME

L'impact de la différence de genre sur les capacités spatiales sont trés
connues, mais la recherche est aujourd’hui ambigué sur limpact du
genre sur la capacité des enfants a se diriger. En effet, la nature
précise du lien entre le genre et I'orientation n’est pas suffisamment
étudiée, en particulier dans le cas de I'environnement extérieur a
grande échelle. Il est nécessaire de poursuivre des recherches sur ce
sujet, notamment pour mieux comprendre les implications des
différences de genre sur [lorientation pour améliorer nos
programmes éducatifs. Cet article se concentre sur cette question en
cherchant a explorer la compréhension et 'usage de cartes par des
enfants en fonction de leur sexe dans un environnement extérieur
grande échelle. 97 enfants de 3 a 13 ans ont recu une carte pictorale
contenant 7 points de contréle qu'ils devaient localiser sur le terrain
dans n’importe quel ordre. Les mesures de précision dans
I'orientation (le nombre de points correctement identifiés) montrent
une petite différence de genre. Toutefois, les mesures d'efficacité de
I'orientation (le temps passé sur une tache) montrent que les
garcons sont plus performants que les filles.
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1. Introduction

Wayfinding refers to the ability to navigate effectively (Wiegand, 2006) and is the purpose-
ful, directed and motivated means for traveling from one point to another. Wayfinding
thus involves both movement and decision-making (Golledge, 1999; Xia et al., 2008).
When moving around in A familiar environment, remembering the route and recognizing
landmarks on the way are generally enough to get to where you want (Blades, 1997;
Wiegand, 2006). In unfamiliar environments, support is required, and a map is the most
important aid (Blades & Spencer, 1990; Sigurjénsson, 2007).

To be able to use the map for wayfinding in the terrain the map-reader most have the
ability to relate the map to the environments it represents, to extract relevant information
from the map and apply that information to the actual environment in their navigational
map-reading (Blades & Spencer, 1990; Lobben, 2004). Research indicates that wayfinding
involves the use of various cognitive skills (Golledge, 1993; Golledge & Stimson, 1997;
Ottosson, 1987a). For example, wayfinding in orienteering tests spatial perception, visual-
ization and spatio-temporal skills as well as memory, concentration and physical ability
(Burke et al., 2012). Gender has been found to be a significant predictor of wayfinding per-
formance (Coluccia & Louse, 2004; Malinowski & Gillespie, 2001).

The aim of this article is to expand the understanding of gender differences in children’s
wayfinding ability. The present study was carried out in a large-scale outdoor environment
to shed lights on the gap in research within these settings and involved candidates com-
pleting complex tasks, as pinpointed by several researchers (Lawton, 1996; Liben et al.,
2013; Malinowski & Gillespie, 2001). Although the present study is aimed at children, we
will argue that it is important to assess new findings in this specific field of interest on
the basis of gender-differences in a lifelong context. Therefore, we will present a brief over-
view of the literature on gender-related differences in adults wayfinding before we take a
closer look at gender related differences in children’s wayfinding. At the end of this section
the selection of a pictorial map will be discussed before moving on to describe the particu-
lar study that is the focus of this paper.

1.1. Gender differences in adult wayfinding

Gender differences in spatial ability are well established in the literature (Burke et al.,, 2012;
Halpern, 2004, 2012; Linn & Petersen, 1985) and research on abstract measures, e.g. paper-
and-pencil based assessments of spatial ability, has produced the largest and most consist-
ent gender differences studies (favoring males) in the area of cognition (Halpern, 2012;
Lawton & Kallai, 2002; Liben, 2006; Linn & Petersen, 1985). Generally, we can say that
spatial ability refers to skill in representing, transforming, generating and recalling sym-
bolic, nonlinguistic information (Linn & Petersen, 1985), and spatial ability is therefore a
required skill in wayfinding.

Findings derived from research on adult wayfinding shows that females have a greater
tendency to rely on landmark-based route information and relative direction in their
wayfinding strategy. Males, on the other hand, are more likely to rely on global reference
points (such as cardinal directions) or the position of the sun, typically reporting better
‘sense-of-direction’ and the use of metric distance information (Choi & Silverman, 1996;
Dabbs et al, 1998; Lawton, 1994, 1996; Lawton et al., 1996; Lawton & Kallai, 2002;
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Wiegand, 2006). This suggests that men prefer different types of spatial information and
women, and this tendency is also seen in the way men and women give directions to
others. Men tend to refer more to the cardinal directions, whereas women refer more
often than men to landmarks (Dabbs et al., 1998; Lawton, 2001; Montello et al., 1999).
Women also tend to be better at remembering landmarks and their locations (Dabbs
et al., 1998; Eals & Silverman, 1994; Montello et al., 1999; Silverman et al., 2007; Silverman
& Eals, 1992). Some studies also show that men tend to be more accurate at indicating the
direction of unseen landmarks (Holding & Holding, 1989; Lawton, 1996; Lawton et al., 1996;
Lawton & Morrin, 1999). These results are mainly derived from research in small-scale or
laboratory settings. Malinowski and Gillespie (2001) found that the combination of skills
involved in real-world wayfinding may be easier for men, but few studies focuses on
whether gender differences in spatial ability found in ‘laboratory settings’ have impli-
cations for ‘real world’ behavior (wayfinding) (Burke et al.,, 2012; Choi et al., 2006). The
link between laboratory tests and performance of wayfinding in the ‘real world’, is a
matter of some interest and requires, as several authors have noted, further clarification
(Astur et al., 1998; Burke et al., 2012; Coluccia & Louse, 2004; Jones et al., 2003; Lawton
& Kallai, 2002; Montello et al., 1999).

1.2. Gender differences in children’s wayfinding

Even though gender has been found to be a significant predictor of wayfinding perform-
ance among adults (Coluccia & Louse, 2004; Malinowski & Gillespie, 2001) is it not necess-
arily so that this directly can be applied to children’s wayfinding (Burke et al., 2012;
Sigurjénsson, 2007; Wiegand, 2006). According to Piaget and Inhelder (1956) children’s
spatial cognitive development takes place through three stages: topological, projective
and Euclidean. Topological understanding is the assessment of geographical positions,
for example placing different playground equipment in relation to each other. Projective
understanding encompasses the ability for spatial orientation and implies that the child
understands the spatial relationship between multiple objects at the same time, and
can form a conception of reality from a different point of view than his/her own. A child
who has reached an Euclidean level will understand that any point in space can be
defined in relation to a frame of reference and thus be able to judge accurate distances
and angles. For example, based on Euclidean understanding, the child may find the short-
est path between two points. Piaget thus believes that children’s spatial cognitive devel-
opment goes through the three stages mentioned, but that projective and Euclidean
development can take place in parallel. According to Laurendeau and Pinard (1970), chil-
dren at approx. 3 years of age solely have a topographic understanding, while projective
understanding can be recognized in children between 3 ¥; and 5 ' years, depending on
how clear the associated typological signals are. Furthermore, they claim that Euclidean
understanding will not be observed in children until the age of 7-10 years. This shows
that children’s spatial cognitive development can be very different depending on age,
and Lawton and Kallai (2002) argue that differences between boys and girls regarding
wayfinding have also been found. In a laboratory based design Liben (2006) demonstrated
that boys outperform girls on spatial tasks. On the other hand Choi and Silverman (2003)
found in a laboratory-based study of route-learning strategies, with 290 children, that
gender differences in such strategies did not emerge until 12 years of age. Liben (2006)
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concludes that there are both studies that suggest that gender-related differences in
spatial abilities do not emerge until adolescence, and studies that report gender related
differences in spatial abilities for children younger than 12 years of age. Linn and Petersen
(1985) suggest, in theirs meta-analysis of gender differences in spatial ability, that male-
female differences in spatial ability emerge prior to adolescence, e.g. that gender differ-
ences in spatial perception favoring males are first detected around age 7. Furthermore,
they suggest that gender differences arise on some types of spatial ability but not
others, and that large gender differences are found in measures of mental rotation.’

From a natural outdoor perspective there are a limited number of studies that illumi-
nate children’s spatial ability and map-reading-for-wayfinding (Bjerva & Sigurjonsson,
2016; Ottosson, 1987b; Sigurjénsson, 2007; Wiegand, 2006). Webley and Whalley (1987)
carried out a study in England, from which they concluded that by age 8, boys had
better cognitive mapping ability than girls. Similarly in Norway, Bjerva et al. (2008)
found that boys (9 and 10 years old) mastered the skill of aligning a map better than
girls of the same age. This skill was examined through giving the children a symbolic
plan map? and asking them to align the map in relation to the landscape. Although con-
ducted in an outdoor setting, only a small sample of children (15 boys and 12 girls) was
used. A slightly larger outdoor study of 32 preschool children (3-5 ¥ years old) in the
United States showed a gender difference favoring girls, rather than boys (Stea et al,
2004). This study found that girls significantly outperformed boys in locating the target
object, but concluded that this had nothing to do with gender differences in spatial
skill and probably more to do with a gender difference in complying with the instructions.
Sandberg and Huttenlocher (2001) found no gender differences in their study of 19 boys’
and 17 girls’ (aged 5 year, 4 months to 6 year, 11 months) to test the ability to use maps to
navigate in a large, enclosed environment.

Research on gender differences within this field is therefore contradictory
(Wiegand, 2006). Part of the explanation for this inconsistency may be due to how
wayfinding performance is measured. It is already argued that differences in the
setting (laboratory or ‘real world’) is an important methodological issue, and that
this might explain some of the differences in the results and conclusions. Young chil-
dren solving mapping tasks in small spaces are widely reported in research, but chil-
dren’s performance in large, unfamiliar environments have rarely been tested (Bjerva &
Sigurjonsson, 2016; Liben et al., 2013). Sigurjonsson (2007) also claims that it is impor-
tant to reflect upon the kind of map used, which varies widely across studies. We will
therefore now address the use of different types of maps for children, and why a pic-
torial map was chosen in this study.

Figure 1. The same area shown on three different maps: (a) symbolic plan map (above angle), (b) a
pictorial map (above angle) and (c) a pictorial map (oblique angle).
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1.3. Pictorial maps

Although mastering symbols is a universal task, it is not an easy one (DelLoache et al,,
2003). Furthermore, as DelLoache et al. (2003, p. 115) argue ‘The younger the child, the
more he or she tends to focus on the concrete object itself, consequently failing to
appreciate its abstract relation to what it stands for’, the symbolic map. Young children,
especially, seem to find symbolic plan maps (Figure 1(a)) difficult (Liben & Yekel, 1996)
and previous research suggests it is easier for children to see an area from an oblique
angle, than it is for them to imagine how it will look from above (Downs et al., 1988).
This is indirectly confirmed by Sigurjénsson (2007) which conclude that children, using
a symbolic plan map, display wayfinding behavior which indicates an absolute® con-
ception of the relationship between the map and the ground. However, when using a pic-
torial map they display wayfinding behavior who indicate a relativistic* conception.

A pictorial map, showing the landscape from an oblique angle (Figure 1(c)), provides
much of the same information that is available from the environment (DelLoache et al,,
2003), and makes it possible to recognize details without further interpretation. Unlike
arbitrary words, symbols used in pictorial maps are iconically motivated in the way that
some feature of the symbol matches some feature of the referent, as when blue is used
to indicate water (Liben & Yekel, 1996). Sigurjonsson (2007) used different types of
maps in different contexts, and claims that both young boys and girls can experience
serious difficulties in interacting with a symbolic plan map. Therefore a pictorial map
(Figure 1(c)) was chosen for the current study. Even though wayfinding tasks were per-
formed with the help of a pictorial map, the map used was much more complex, in the
way that it depicted real-world surroundings and not simple maps of artificial maze sur-
roundings, than most of those used in earlier investigations of children’s map-reading
(e.g. Blades & Spencer, 1985, 1986a, 1986b, 1987a, 1987b, 1989a, 1989b, 1994; Bluestein
& Acredolo, 1979; Presson, 1982).

2. Method

This paper presents a study seeking to explore children’s wayfinding ability in relation to
gender in a real-world outdoor environment. Such ecological approach can be demanding
for researchers to carry out (Bryman, 2012), but ensures that children’s navigational skills
can be studied while they practice in the real world. In order to ensure the validity of the
study the introduction has highlighted important studies relevant to the research ques-
tion. This is a platform for this study and at the end a support to the conclusion. In the
forthcoming section, we take a closer look at the wayfinding task, the participants in
the study and measures of performance.

2.1. The wayfinding task

The intention of the task was to put children’s navigational skills to the test. This includes
children’s ability to form a readiness for movement as well as their physical movement in
the environment with continuous spatial updating. The study took place in an unfamiliar
environment outdoors. The selected area was a primary school and the nearby surround-
ings in Norway (Figure 1(a)), although none of the children who participated in the study
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Figure 2. The pictorial map that was used by the children in present study, with seven plotted controls
marked with pink circles and one starting point marked with a triangle.

were pupils at this school. The map and the information presented in it, together with the
landscape features, are important aids in wayfinding. In the design of the wayfinding task,
we emphasized both the children’s need for a sense of security, and the need for chal-
lenges. Due to the age of the children participating (3-13 years old), a pictorial map
was judged to be an appropriate tool (DeLoache et al.,, 2003; Downs et al.,, 1988; Liben
& Yekel, 1996; Sigurjonsson, 2007; Stea et al., 2004). The map was also judged to give
sufficient wayfinding challenges to the oldest children since the whole area that was rep-
resented on the map could not be seen from any position (Ottosson, 1987a). The size of
the map, presented to the children, was 20x30 centimeters covering the selected area
of 80x120 meters. The map was hand-drawn based on a photograph taken from a
point 30 meters up in the air using a crane car. This was done to ensure that the metric
information about distances between the features in the terrain should be in accordance
with the metric distances between symbols representing these features in the map.

The children were individually taken to a starting point, and were handed the colored
pictorial map with seven plotted controls® marked with circles and one starting point
marked with a triangle (Figure 2). The map was given to the children perfectly aligned
with the terrain (Ottosson, 1987a), when the children stood on the starting point facing
the front of the school building. There was nothing said or done regarding alignment
beyond that the map was perfectly aligned when the children got it in their hands.
Each child was asked; ‘Can you find the places marked with pink circles on your map?
You can decide in what order you want to visit them’. Once they had found the first
control and punched an electronic chip® on the registration unit,” they either continued
finding the other pink circles straight ahead or needed the task to be repeated to them;
‘Can you find the other places marked with pink circles on your map?’ For the younger
children the task had to be repeated more often, but even the youngest children under-
stood what to do and continued the task when it was repeated.

To ensure that the children had understood the task correctly and that they completed
the task independently, it was decided to observe the children by ‘shadowing’ them in the
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terrain (Gerber & Kwan, 1994; Ottosson, 1987a; Sigurjonsson, 2007). Experimental pro-
cedures like this are very time-consuming and require recourses and close supervision
(Amedeo et al.,, 2009). A group of 46 bachelor students was involved and distributed
across four test days so that each child was assigned his/ her own bachelor student
(one bachelor student to one child). The bachelor students were graduates with experi-
ence in research methodology and were in the process of completing a course in naviga-
tion for children (10 ECTS) in their teacher training-program. They were all familiar with
and had practiced the method of ‘shadowing’ children while performing navigation
earlier. The bachelor students were instructed to act according to the following procedure:

« If a child showed signs of uncertainty related to the task, the bachelor students should
ask: ‘Do you want me to repeat the task for you?’

« If a child was uncertain about how to punch the electronic chip on the registration unit
or forgot to do it, the bachelor students should show the child how to do it correctly.

« If a child did not show any progress, in relation to the task, the bachelor students were
allowed to draw the child’s attention to features nearby e.g.; ‘Can you find the school
building on your map? However, the bachelor students were not allowed to
point out features on the children’s map or help them in solving the task in any
other way.

The children started the task individually with 5-minute intervals, and bachelor students
ensured that the children completed the task independently. Finally the bachelor stu-
dents’ presence gave the children sufficient security (the children never experienced
being ‘alone’). A preliminary study was conducted prior to the main study to ensure
that the study-design was feasible. This study was important in terms of clarifying how
the bachelor students should interact with the children. During both the preliminary

Figure 3. The pictorial map showing the start point marked with a triangle and the 22 controls that was
marked with white and orange flags and units for registration in the area. The pink circles are the 7
controls that were marked on the children’s maps and for them to find. The 15 blue circles were
only marked in the terrain, but not on the children’s map.
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study and the particular test days there were three researchers present, who guided and
supported the bachelor students in their work and ensured that the bachelor students fol-
lowed the agreed procedure.

Each child had an electronic chip and they were told to punch it on the registration unit
at the starting point, on each of the seven controls, and finally when they returned to the
starting point. The number of controls (7) was anticipated to be at a level so that the chil-
dren would not become disinterested in the task. It was also important to have a wayfind-
ing task that could be attempted by the whole sample (3-13 years old) so that we could
get an indication of how well the children interpreted the map as a wayfinding tool. Based
on preliminary studies we gave the children a timeframe of 30 min to complete the task.
None of the children reported that they did not have enough time to finish the task, and
we conclude that they, who did not find all seven correct controls, did not succeed due to
other reasons than the time limit. These reasons could e.g. be lack of skills.

The children were instructed to practice navigational map-reading to locate 7 specific
features in the landscape. To ensure they did not run around randomly seeking for white
and orange flags, and actually used the map actively in their wayfinding, there were 22
controls placed in the environment. Of these, only seven were marked on the children’s
map for them to locate (Figure 3). All 22 controls were thus marked with white and
orange flags and units for registration, but had no visible identifying code numbers.
Visible identifying-codes could divert the children’s focus from the map reading, and
lead them instead to seek out the controls and check which controls have the correct iden-
tifying-codes, i.e. find correct controls by trial and error. Children could punch the regis-
tration units at any of the 22 controls, but were instructed to locate and punch the
electronic chip only on the controls according to their map and then return to the starting
point. If the children had been allowed to punch on all the 22 controls, they would have
registrations from all the seven correct controls, regardless of their map reading ability.
Each child was therefore, only allowed to punch the electronic chip on seven controls.
Bachelor students were on hand at all times to keep track of the number of controls
each child had found and the number of controls that remained, so that in the end
every child had seven punches in their electronic chip. Mistakes in this specific test, are
therefore defined when children punching on any of the controls marked with blue
circles (finding a wrong control) instead of punching on controls marked with pink
circles (finding the correct control).

2.2. Participants

The age composition, which Ottosson (1987a) and Sigurjonsson (2007) used in their map-
reading and wayfinding studies, formed the basis for including children from different
educational levels in the sample. To ensure a sufficiently large percentage of children of
different ages, a systematic sampling was conducted. The participants were drawn from
a pool comprising three different kindergartens and one primary school (N =429, 236
boys and 193 girls). From this population a sample of 106 children (53 boys and 53
girls) were selected through stratified systematic sampling (Bryman, 2012).

The children in kindergartens in Norway are divided into groups (10-20 children of
both sexes), based on age. One group from each of the three kindergartens were ran-
domly selected, and these groups contained only children who were older than 3
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Table 1. Description of the sample of children selected for inclusion in the study.

Boys Girls Total
Age n % n % n %
Group A (kindergarten) 3-5 years old 19 19.6 22 22.7 41 423
Group B (lower primary stage) 5-9 years old 16 16.5 13 134 29 29.9
Group C (upper primary stage) 9-13 years old 14 14.4 13 134 27 27.8
Total 49 50.5 48 49.5 97 100.0

years of age (n=45) as it was considered inappropriate to bring children below three
years of age into the sample (Blades & Spencer, 1985; Blades & Spencer, 1987a, 1987b;
Bluestein & Acredolo, 1979; Stea et al., 2004). In primary school, pupils are divided into
grades 1-7, based on age. In grade 1 the pupils are 5-6 years old and in grade 7 the
pupils are 12-13 years old. Each grade is again divided into smaller groups containing
from 15 to 30 children of both sexes. The population was therefore already stratified
into groups and each group was included on a list with a specific number. Like the chil-
dren in kindergarten, groups were selected to be included in the sample and not indi-
vidual children. To ensure a sufficiently large percentage of children of different ages
in the sample, systematic sampling was conducted. A random start between the
groups in grade 1 and grade 2 was made, and thereafter every fourth group on the
list was selected. The final sample included children from kindergarten and grade 1, 3,
5 and 7 in primary school. Children tend to get sick now and then and therefore the
final sample comprised those children selected who actually attended kindergarten
and school on the specific test day (n =97, 49 boys and 48 girls).

The sample was divided into three age groups relating to their stage of schooling
(Table 1), and each of these three age groups contained both boys and girls. Group A
refers to children in kindergarten aged 3-5 years old. Age distribution in the sample
was 7 children age 3 years, 17 children age 4 years and 17 children aged 5 years. Group
B refers to children in lower primary stage aged 5-9 years old. Age distribution in this
group was 15 pupils from grade 1 and 14 pupils from grade 3. Group C refers to children
in upper primary stage aged 9-13 years old. Age distribution in this group was 15 pupils
from grade 5 and 12 pupils from grade 7.

Each group can be considered as relatively small, but no groups were too small for stat-
istical analysis. Nevertheless, one should keep this fact in mind when making statistical
calculations.

2.3. Measures

The aim was to measure how boys and girls of different ages perform in a wayfinding task.
Large-scale spatial abilities were measured on the appropriate scale in an outdoor setting,
in terms of accuracy and efficiency. To identify any gender differences in relation to how
children interact with pictorial maps, the comparisons were made in relation to the follow-
ing measures of performance:

e Average number of correct controls found.
o The percentage of children who completed the task successfully (found all 7 controls).
¢ Average time spent on the task (for those who found all 7 controls).
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Table 2. Overall results divided into groups and gender.

Between groups (group A/ Between gender
group B/ group C) (boys/ girls)
Average number of controls found (max:7) 5.38/ 6.45/ 6.93 p<0.01 6.25/6.04 NS
Percentage of children who found all 7 controls (percent) 41/ 72/ 93 p<0.01 69/62 NS
Average time spent finding all 7 controls (seconds) 929/ 619/ 310 p<0.01 532/622 p <0.05

Note: Significant differences are marked with NS (not significant), (p < 0.10), (p < 0.05) and p < 0.01), based on f-test for
metric variables.

These measurements were obtained using EMIT (an electronic timer system), which is used
for time and control registration in the competitive sport of orienteering in Norway. Data
from the electronic chip were later downloaded, and further processing and statistical ana-
lyses were carried out in the statistical program R, version R 2.15.2 (Venables & Smith,
2009). First, we checked for differences between groups and gender by running an
ANOVA f-test. Then a pair-wise test was carried out between group A and B and
between group B and C, for boys and girls respectively. The purpose was to see
whether the differences between the averages for the age-groups were the same for
boys and girls. For this pair-wise test, t-tests were performed, to determine if any differ-
ences were statistically significant.

3. Findings

The data relates to 97 Norwegian children, 49 boys and 48 girls. The further results are pre-
sented in terms of overall results (Table 2), the average number of correct controls found
(Table 3), percentage of children who found all 7 controls (Table 4) and the average time
spent finding all 7 controls (Table 5). Age and gender are independent variables.

The results shows statistically significant differences between the three groups regard-
ing both average number of correct controls found, percentage of children who found all 7
controls and the average time spent finding all 7 controls. Furthermore, the results show
that there are no statistically significant differences between boys and girls regarding
average number of correct controls found and percentage of children who found all 7 con-
trols, but the boys spent less average time finding all 7 controls compared with the girls
(statistically significant, p < 0.05).

The results show small differences between boys and girls regarding the average
number of correct controls found. None of the differences between boys and girls in
any of the three groups (A, B or C) was statistically significant. In relation to age
however, the differences between the children in the three groups were statistically sig-
nificant for girls in group A vs. group B (p < 0.01) and for boys in group B vs. group C
(p<0.10).

Table 3. Average number of correct controls found (maximum score is 7 controls).

Group A (kindergarten) Group B (lower primary stage) Group C (upper primary stage)
Boys 574 NS 6.25 P<0.10 6.93
0.255 0.281 0.959
Girls 514 P<0.01 6.69 NS 6.92

Note: Significant differences are marked with NS (not significant), (P < 0.10), (P < 0.05) and (P < 0.01), based on t-test for
metric variables (significance levels between groups in ‘between group columns’, significance levels between gender in
‘between gender rows’).
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Table 4. Percentage of children who completed the task successfully (found all 7 controls).

Group A (kindergarten) Group B (lower primary stage) Group C (upper primary stage)
Boys 50% NS 69% P<0.10 93%
NS NS NS
Girls 33% P<0.05 77% NS 92%

Note: Significant differences are marked with NS (not significant), (P < 0.10), (P < 0.05) and (P < 0.01), based on t-test for
metric variables (significance levels between groups in ‘between group columns’, significance levels between gender in
‘between gender rows’).

There were no statistically significant differences between boys and girls within each
group regarding the percentage of children who found all 7 controls. The number of
both boys and girls who found all 7 controls increases by age. The difference from
group A to B was statistically significant (p < 0.05) for girls, but not statistically significant
for boys. The difference from group B to C is smaller and only statistically significant (p <
0.10) for the boys.

The boys in group A use on average significantly (p < 0.05) less time to find all 7 controls
than the girls in the same group. We can also find this tendency in group B and C, but the
results are not statistically significant. Both boys and girls reduce the time spent to find all
7 controls by age. These results are statistically significant from group A to B and from
group B to C for both boys and girls.

4, Discussion

There is a broad consensus that adult males generally perform better than adult females
on tasks requiring spatial ability (Burke et al., 2012; Coluccia & Louse, 2004; Malinowski &
Gillespie, 2001). The greater part of this research was derived from research in laboratory-
based settings. Findings from research on adults in real-world settings also suggests that
men and women prefer different types of spatial information and use different strategies
in their wayfinding (Malinowski, 2001; Malinowski & Gillespie, 2001; Montello et al., 1999).
Whether or not there are gender differences in children’s wayfinding, and when differ-
ences may occur, is not that clear. Research on gender differences in children’s wayfinding
are contradictory (Wiegand, 2006), and in this study, we therefore wanted to challenge
children’s capability to understand and use a pictorial map in a large-scale outdoor
setting, to reveal any gender differences in their wayfinding ability.

The overall results in this study indicate that understanding and using map is an ability
that progresses in complexity from kindergarten to upper primary stage, and both boys
and girls perform significantly better on all the three different measurements when age
increases (Table 2). This progress, in relation to age, is consistent with theories of

Table 5. Average time (in seconds) spent on the task for children who completed the task successfully
(found all 7 controls).

Group A (kindergarten) Group B (lower primary stage) Group C (upper primary stage)
Boys 835 P<0.05 582 P<0.01 280
P<0.05 NS NS
Girls 1049 P<0.01 659 P<0.01 342

Note: Significant differences are marked with NS (not significant), (P < 0.10), (P < 0.05) and (P < 0.01), based on t-test for
metric variables (significance levels between groups in ‘between group columns’, significance levels between gender in
‘between gender rows’).
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development in general (e.g. Piaget et al.,, 1960; Piaget & Inhelder, 1956) and with research
on spatial ability and wayfinding specifically for example Liben, 2009; Liben & Yekel, 1996;
Linn & Petersen, 1985; Quinn & Liben, 2008. The path to map understanding is a slow and
complex one, and is a gradual and protracted process (Blades & Spencer, 1994; Liben &
Downs, 1989; Liben & Yekel, 1996; Uttal, 1996). At the most general level, the data from
present study are consistent with this position. The process of locating the correct controls
in the terrain is one who shows the map-readers ability to understand and use map, to
transform the information in the map to appropriate movement in the terrain so they
can locate the correct controls. In that way, the findings indicate that children in kinder-
garten show understanding of the relation between locations in the referent space and
map, but that this is an understanding that is under way and gradually developing.

Furthermore, the overall results regarding gender shows no differences related to the
average number of correct controls found or the percentage of children, who found all 7
controls, but the boys solve the task significantly faster than the girls (Table 2). At all age
levels, boys will have a better endurance than girls will, but before the age of 10-12, the
differences are relatively small. The girls ‘maximum aerobic endurance accounts for 85—
90% of the boys’ aerobic endurance (Malina et al., 2004). It is therefore natural to
assume that physical differences cannot explain these results alone.

The results (i.e. the average number of correct controls found and the percentage of
children, who found all 7 controls) can thus give the impression that there are no
gender differences in children’s wayfinding (Tables 3 and 4). This is in contrast to the
part of the research, which report gender differences within spatial ability. Linn and Peter-
sen (1985) showed in their meta-analysis that there are gender differences. Some emerge
early in life as for mental rotation (Linn & Petersen, 1985; Quinn & Liben, 2008), and some
occur in childhood and accelerate beyond adolescence, as for spatial perception (Linn &
Petersen, 1985). Linn and Petersen (1985) suggest that spatial perception is easier for
males than females, but that gender differences in spatial ability are large only for
mental rotation. In accordance with our findings, Burke et al. (2012) claims that when phys-
ical differences are accounted for, men and women with equivalent experience performed
equally well at complex navigation tasks in an outdoor setting. The study of Burke et al. is
based on adults, and as we have argued in the introduction, it is not clear that the results
will be the same in terms of children. Even though Choi and Silverman (2003) found that
gender, differences did not emerge until a later stage of age, Liben (2006) states that there
are studies that suggest that gender-related differences both emerged in childhood and in
adolescence. Our results can be interpreted as the fact that boys and girls understand and
use the map in a large-scale outdoor wayfinding setting equally well, but it is difficult to
conclude when previous research is so inconsistent regarding this.

Despite the fact that we do not find significant gender differences in average number of
correct controls found or the percentage of children, who found all 7 controls, there are
significantly differences in average time spent on the task for children who completed
the task successfully (Table 5). A reasonable assumption would be that the more expert
the child is as a map-reader, the faster he or she will complete a wayfinding task. In the
youngest group of children who found all 7 controls, boys outperform girls regarding
average time spent on the task. This tendency can also be seen in the other two
groups, but are only statistically significant in group A. Malinowski and Gillespie (2001)
and Astur et al. (1998) found that men were faster than women at locating a target,
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and our results indicates that this might be the case also for children. It may therefore
seem that girls and boys carried out the wayfinding task equally well, but that boys,
especially the youngest ones, solved the task significantly faster than the girls did.
These findings support Linn and Petersen’s (1985) study who found that gender differ-
ences occur in some aspects of wayfinding, but not in others.

A large age range in the sample (3-13 years) is challenging in terms of the design of the
task. It is natural to worry about whether the task is experienced as too difficult for the
youngest children and too easy for the oldest pupils, and that this will influence the
results. At the most general level, the data from the present study shows that a large pro-
portion of the children, even among the youngest, master the use of a pictorial map in
the wayfinding task. It is important to notice, that children in kindergarten, with this tool,
do show important/skilled understanding of the relation between locations in the referent
space and map. This confirms our impression that a pictorial map is an appropriate tool, and
is experienced as an aid, not a constraining factor for the completion of the task, even for the
youngest children in the sample (DelLoache et al.,, 2003; Liben & Yekel, 1996; Ottosson,
19874a; Sigurjénsson, 2007). On the other hand, the data may give the impression that the
wayfinding task was too easy for the older children. We will argue that when the speed is
raised the possibility of errors (punching the chip on wrong registration unit) increases.
Higher speed including continuous change of direction will challenges the map-readers
(the child’s) ability to keep the map aligned, something which provides a better basis for
keeping steady direction towards the control, and a better context in order to perceive
the present task correctly (Sigurjénsson, 2007). One has also to keep in mind that there
were 15 incorrect controls in the area (Figure 3), which represents opportunities for mistakes,
especially when the speed is increased. Such a setting may be comparable to what happens
in orienteering contests in park areas. The area itself can be experienced as easy, but when
the speed is increases (as is the case in present study) relatively simple tasks can be experi-
enced as difficult because the competitors (or child) must make important navigational
decisions quickly. This is important to bear in mind in relation to what is measured, and
we would belief that this extends the significance of our research. It is also interesting to
notice that previous research (Sigurjénsson, 2007) shows that novices often keep the
south of the map into the body, irrespective of the direction of movement, and that this
relationship creates confusion in their map reading. If this occurs, then one must use
mental rotation to make maps and terrain match. According to previous research (Linn &
Petersen, 1985) which shows that males outperform females on mental rotation at any
age this can be one of the reasons why boys outperform girls in our study.

Interesting questions are whether individual differences between boys and girls are bio-
logically and/or environmentally conditioned and whether boys have developed different
navigational strategies than girls (as previous reports suggest is the case with adults)
(Dabbs et al., 1998; Wiegand, 2006). Our findings indicate that gender differences in
some types of spatial ability might emerge even before the age of 12, as some researchers
claim it does not (Choi & Silverman, 2003). Furthermore, research suggests that men and
women prefer different types of spatial information (Choi & Silverman, 2003; Dabbs et al.,
1998; Lawton, 1996; Lawton et al., 1996; Lawton & Kallai, 2002; Wiegand, 2006). If this is the
case, it seems that young girls tend to rely on landmark-based route information, which is
more time consuming than the strategies boys tend to rely on, but our data do not give
any clear indication about whether this is the case.
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5. Conclusion

The objective of the present study was to identify any tendencies regarding gender-
related differences in children using a pictorial map in a large-scale outdoor environment.
In conclusion, gender-related differences, or absence of, are now more specifically
described. Our findings indicate that there are very small or no differences in how boys
and girls are carrying out a wayfinding task, measured by the average number of
correct controls found and number of children who completed the task. Furthermore,
the findings show a tendency for boys to solve the wayfinding task significantly faster
than the girls do. Both boys and girls perform significantly better in relation to age and
this development was equally strong in both gender. The present results are both consist-
ent and inconsistent with previous research, and further investigation will be important in
the future, not least in order to better understand educational consequences of any
gender differences in children’s wayfinding in large-scale settings. In view of the impor-
tance of spatial ability in many scientific domains, educational intervention should start
early to provide relevant experience, and to prevent larger gender differences than
necessary from emerging (Tzuriel & Egozi, 2010).

Choosing the appropriate map for the wayfinding task is important and can in
various ways effect the result of the performance. ‘Indeed, a significant effect of map
form was evident: Children performed better on the oblique than the plan map' (Liben
& Yekel, 1996, p. 2794). Our findings suggest that an oblique pictorial map would
be a good way of introducing wayfinding for children even at an early age. It may
also seem as if a pictorial map can be used equally well by both boys and girls to chal-
lenge and develop their spatial abilities and improve their map understanding and
map use.

Notes

1. The ability to rotate a two or three dimensional figure rapidly and accurately (Shepard &
Cooper, 1982).

2. A symbolic plan map is an artificial construction on which an interpretation can be performed,
but only by understanding or accepting the conventions, which underlie it. Landmarks, for
example a stone, are reproduced as symbols on the map, and a prerequisite for interpreting
these symbols is to understand that the same symbol can represent only one type of landmark
(Keates, 1996).

3. Perceives that the map conveys a sequential message that can be easily decoded and the task
is conceived of as directly (absolutely) defined on the map. Then the task can be done in a
particular order almost regardless of where it is performed (Ottosson, 1987a).

4. Understands that the identity or the features on the map depend upon their relative positions
(Ottosson, 1987a).

5. Points in the environment that must be located is known as ‘controls’ (Eccles et al., 2002). A
control is marked on a map with a circle around the specific point, and the specific point
shall be exactly centered in the middle of the circle. In the terrain, a control is marked with
a white and orange flag. The flag should be easily visible and not hidden away.

6. In the study we used Emit, which is mainly used as electronic timing system in Norway. The
registration units (e-Post) was placed on the start/finish, and in addition on every control
(see Emit hompage http://emit.no/en/product/ver5-e-card-389).

7. Each child had an electronic chip (e-Card) to record time and place. See Emit homepage http://
emit.no/en/product/epost-380.
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