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Abstract

The main purpose of this study was to assess children’s skill in using a simple map. The study was conducted among
262 children (141 girls and 121 boys), aged between 61-78 months (average 71 months), attending to 4 public
pre-schools in Istanbul, Turkey. The simple map skills (requiring mental rotation and understanding spatial relation) of
the participants were tested through five different experimental trials. Children’s skills in using simple maps were
analyzed by age, gender, and children’s performances in different experimental conditions.

The data were analyzed using logistic regression analysis. It was found that children’s performance in the experiments
did not vary by gender. Likewise, their performance did not vary by age. However, there were significant differences in
children’s performances in the five different experimental conditions. According to findings, children were more
successful in trial 1 which is requiring the understanding of spatial relations compared to the trial 2 and 3 which are
requiring mental rotation. Finally results are discussed in terms of variables which may lead to the researchers and
educators working on spatial abilities of children.
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1. Introduction

Spatial thinking is an important component of cognition (Borriello and Liben, 2018) and has a central role in the
process of a human’s being adaptation to his environment (Giiven,2004; Newcombe and Huttenlocher, 2000).
Spatial-thinking is functional in the brain from an early age (Gersmehl and Gersmehl, 2007). Researchers are in
consensus about the role of an individual's spatial ability in being successful in later life in many areas such as science
and mathematics (Erkek and Bostan-Isiksal, 2015; Gilligan et al., 2017 Ferguson, Maloney, Fugelsang and Risko, 2015;
Hawes, LeFevre, Xu and Bruce, 2015; Ping et al., 2011; Zhang et al., 2014; Turgut and Yilmaz, 2012; Verdine,
Golinkoff, Hirsh-Pasek, Newcombe, Flipovicz, and Chang, 2014). Gunderson, Ramirez, Beilock and Levine (2012)
stated that a very young child’s spatial performance predict his or her future success in creating and using linear
number-line representations in mathematics. According to Clements (1998), spatial skills, that include mental sliding,
turning, and rotating of objects, play an important role in interpreting, describing and deeply thinking about our
surrounding objects (as cited in Sari, 2016). Newcombe et al. (2013) categorized spatial cognition into two main areas;
navigation and mental rotation.

Spatial skills are very important in assisting children navigate across areas and to use objects in different ways within
the course of their daily lives (through mental rotation) (Baykal, Alaca, Yantacand G&ksun, 2018; Ferrara, Hirsh-Pasek,
Newcombe, Golinkoff and Lam, 2011). Navigation is a complex process (Wolbers and Hegarty, 2010). This is seen
from birth as children, through their curiosity and perceptions, begin to explore their environment and learn the location,
distance, time and concepts that represent them, which are related to space (Melendez, Beck and Fletcher, 2000). Spatial
perception helps them understand the relationships between entities, facilitates the perception of geographic concepts,
the disclosure of relationships between them, and explains their cause and effects (Bahar, Sayar and Bagibiiyiik, 2010).
On the other hand, mental rotation refers to rotating two and three-dimensional objects in the mind. In other words, it is
the mental conversion of locational-directional changes in a spatial representation.

Information about the surrounding and the world, can be acquired through direct experiences such as travelling and
residing in an environment, or through secondary sources within the context of spatial representations, such as maps,
written sources (e.g books, etc.), models, or visual sources (e.g. film, television, etc.) (Blades, Spencer, Plester and
Desmond, 2004; Plester, Blades and Spencer, 2006). Secondary sources used to obtain information about the
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surrounding are portable representations which therefore make visible information about immense and hard-to-reach
spaces.

Maps are tools that provide information about space (Kizilgaoglu, 2007). Maps help children understand spatial
relations (Blades, 2000). In the real world, individuals use maps to guide their journeys. Maps are the representation of
a three-dimensional world on a two-dimensional surface (Ginsburg and Amit, 2008). Using a mapreqiures basic spatial
skills employed in daily life (Bremner and Andreasen, 1998). To be able to use a map, an individual ought to be aware
of symbolic representations of actual objects on the map (Liben, 1999; cited as in Vosmik, 2005; Robinson and
Petchenik, 1976). Children should be able to relate the actual spatial context to the information on the map that
represents it (Vasilyeva and Bowers, 2010). Accordingly, using a map is associated with encoding two types of
information. Firstly, is object-object similarity, and secondly, similarity in spatial relationships. Object-object similarity
is the ability of children to understand that each object in the map or model has a counterpart in the area represented by
the map (Newcombe and Huttenlocher, 2000). In addition, they should also recognize that these tools (like maps) are
small-scale representation of larger spaces (Newcombe and Learmonth, 2005). Map understanding comprises three
components: the first one is symbolic representations, the second is use of spatial relations and the third is mental
rotation (Peter, Gliick and Beiglbock, 2010). The first studies related to children’s map skills can be traced to Piaget and
Inhelder. These studies conducted within the scope of spatial development, concluded that children don’t possess the
skills that form the basis for map reading (such as mental rotation and perspective taking), before the ages of 7-10 years
(By: Newcombe Frick, 2010). A review of the literature illustrates research outcomes (Harvey, Manshu, and Jue, 1986)
that support Piaget’s views about spatial development in children. However, recent studies show that these skills may
emerge at an earlier period (Ages 3-6) (Blaut, Stea, Spencer and Blades, 2003; Michaelidou, Filippakopoulou and
Nakos, 2007; Kim, Bednarz & Kim, 2012; Tsubota and Chen, 2012).

Recent studies have shown that children recognize relationships between the maps and real world as early as the age of
three (Shusterman, Lee, Spelke, 2008), and start to use spatial relations in simple maps from the age of four (Vasilyeva
and Bowers, 2010). Other researchers have defined ideas and actions that constitute reading, using and creating maps
and similar models (mapping behavior), as a skill that exists in early childhood in all cultures independent of the formal
education, as a function of human adaptation to the environment(Blaut, Stea, Spencer and Blades, 2003). Children use
simple maps for the purpose of finding the location of an object hidden in an open area (Stea, Kerkma, Pinon,
Middlebrook and Rice, 2004; Tsubota and Chen, 2012); determining the direction of objects in a large closed area
(Sadberg and Huttenlocher, 2001); and finding an object hidden in a labyrinth (Bremner and Andreasen, 1998). In order
to find a spot marked on a map, an individual should match the element it represents on an actual field with the one on
the map. A research study showed that children aged 3 % years possessed this skill if the map and hidden location were
aligned (by Blades and Spencer, 1994).

The sketch and map, which in their abstract forms are visual tools, can be considered as a technique that summarizes
information. In sketches, drawings are more generic and in draft form, whereas in maps drawings are accurate and
scaled. Children should be able to properly read sketches and maps in order to be able to use them. Reading and
drawing sketches which facilitate daily living are important skills for space detection (Bahar, Sayar and Basibiiytik,
2010).

Researchers suggest that the majority of 3-4-year-olds are ready to learn simple information about maps. At these ages,
children can interpret a living-room plan and can find the location of a toy hidden in the room by looking at a spot on
the plan (Shusterman et al., 2008; Vasilyeva and Huttenlocher, 2004). Stea, Kerkma, Pinon, Middlebrook and Rice
(2004) showed that 3-5 year-olds and 5-year-old pre-school children could successfully use a simple map to find the
location of an object hidden in an open area. Determining the extent to which children can use spatial representation
tools such as simple maps (i.e. their spatial skills), is believed to be important in guiding educational planning as
regards the acquisition of this skill in the early childhood period. In this study, it was developmentally more appropriate
to commence the examination of children’s map skills using plans-sketches.

The main purpose of this study was to assess children’s skill in using simple maps and to understand the relationship
between simple maps and the represented space (model). The main research questions were as follows:

1. Does the performance of the children vary by different experimental conditions?
2. Does the performance of the children vary by age and gender?

In this study, children’s skill in using simple maps was analyzed by age, gender, the alignment or rotation of the map
and model, who placed the object on the model (i.e. the child or other) and whether a particular spot was taken as a
reference spot.
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2. Research Methodology
2.1 Study Participants

The study was conducted among 262 children (141 girls and 121 boys), aged between 61 and 78 months (mean age 71
months), attending to 4 public pre-schools in Istanbul, Turkey.

2.1.1 Participant Selection

The 262 children were selected from 280 children at 4 public pre-schools. Two criteria were used the selection of the
children. One of them is the children are being older than 60 months. The second one of them is the children are able to
understand five basic spatial concepts (on, in, under, in front of, and behind) correctly. All children who meet these
conditions in these schools were involved to the study.

2.2 Practitioners

The study was conducted by seven 4"™-grade-students from Marmara University, Atatirk Education Faculty, Pre-School
Education Division of Primary Education Department, within the scope of a Research Project course.

2 practitioners worked together on each trial, one of them made observations and took notes (P1) while the other
executed the trials with each child (P2). Practitioners were trained during pilot trials performed under the surveillance of
experienced researchers.

2.3 Materials Used

The materials used were: 14 square boxes (5x5x5 cm), a cardboard ground-surface on which the boxes were placed
(35x50 cm) (Figure 1), small size plastic figures - dog and cat (Figure 2), and a simple map of A4 size, showing the
layout of the boxes (Figure 2). The dog figure is not the main character of the study. However it is located on the table
next to the cardboard and pointed at by the practitioner when mentioned. The materials used in the execution of the
project and the 5 experimental trial employed were established through research studies carried out under the guidance
of experienced researchers.

The material used in five experimental trials was shown in Figure 1.
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Figure 1. The material used in five experimental trials

2.4 Experimental Trials

2.4.1 Description of Experimental Trials

According to the study’s sub-goals, 5 different levels of experiment were designed. Two of them asses the child’s
mental rotation (trials 2 and 3) and the others (trials 1, 4, 5) assess the child’s understanding of spatial relation. These
were:

Matching locations on the map to locations on the model when map and model were in alignment

Trial 1: These tasks assess the child’s understanding of spatial relation. In this trial, the child was asked to find the
location of a figure hidden in one of the boxes in the model (Figure 1) by looking at the location of the box marked on
the simple map (See Figure 1-Figure 2).

Matching locations on the map to locations on the model when map was rotated 180 degrees relative to the model
without a reference point

Trial 2: In the most difficult task, the map is not aligned with the model, so mental rotation is required. In this trial, the
child was asked to find the location of a figure hidden in one of the boxes in the model (Figure 1) by looking at location
of the box marked on the simple map after the map was rotated by 180 degrees (rotation) in relation to the model (See
Figure 3).

Matching locations on the map to locations on the model when map was rotated 180 degrees relative to the model with
a reference point
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Trial 3: This trial was similar to T2. However, a box next to the target box was removed from both the model and from
the map. The child was then asked to find the correct location of the figure hidden in the box by looking at the location
of the box marked on the simple map (See Figure 4).

Matching locations on the model to locations on the map when object and map were in alignment and object was
placed on the model by the practitioner

Trial 4: These tasks assess the child’s understanding of spatial relation. In this trial the child was asked to match the
location of a figure, which was placed in one of the boxes by the practitioner in full view of the child, to the location of
the box on the simple map (See Figure 5).

Matching locations on the model to locations on the map when object and map were in alignment and object was
placed on the model by the child

Trial 5: These tasks assess the child’s understanding of spatial relation. In this trial the child was asked to place a figure
in one of the boxes on the model and identify the corresponding location of the figure in the box to a location on the
simple map.

Note: Excluding trial 5, all locations of the target boxes and/or their corresponding marked boxes on the simple map
were pre-defined and were presented to all children in a similar fashion, i.e., all the children were subjected to the same
assessment test.

2.4.2 Preparation of Materials Prior to Execution

Practitioners placed the boxes on the card board ground as per preplanned specifications to ensure that that each box
was equidistant from the other distance (the distance between the boxes being equal to the length of each box) prior to
allowing each child into the practice environment.

2.4.3 Meeting with the Children

Practitioners then went to the children’s classes, introduced themselves and invited them to play with them as follows,
“Today we will play a game with you, who wants to play with us?” Children who volunteered to participate were
invited to the practice environment. In an instance when all children were willing to participate, practitioners thanked
them by saying, “It is very nice to see all of you want to join, you will play all one after another.” One by one, the
children were taken to the practice environment in the order of their class list.

2.4.4 Preliminary Evaluation

Prior to the child’s arrival at the practice environment, the first practitioner (P1) wrote down the name and other
information pertaining to the child. When the child arrived, P1 begun to observe the child’s behavior that pertained to
the activity.

The second practitioner (P2) then invited the child to sit at the table by saying, “Welcome ..... (child’s name). Now, we
will play a game with you.” P2 would then seat across the same table opposite the child.

The prerequisite for participation in experiment was an ability to give correct answers to all basic spatial concepts, such
as front, rear, top, inside and next. For this purpose, P2 put one of the boxes used in the trial and the cat figure on the
table. P2 then went on to evaluate whether the child was able to perform the instructions associated with spatial
concepts by giving instructions such as, “Put the cat behind the box”, “Put the cat inside the box”, etc.

The execution of the experimental trials ensued with 262 of 280 children, who correctly followed instructions
associated with these five main concepts (on, in, under, in front of, and behind). The other 18 children who had been
willing to participate in the trials, but did not pass the preliminary evaluation, were still allowed to play with the boxes
and the cats for a while to limit chances of disappointment.

2.4.5 Execution

P2 put the cat inside a box on the model and closed the cover of the box before the child entered the room. The boxes
were placed on the table in alignment with the simple map (See Figure 1). The model and the simple map were then
placed in front of the child.

P2 then allowed the child to look at the boxes and the simple map and said, “Look, there are many boxes here. Watch
how the boxes are placed, now look at this simple map (pointing the plan), the boxes here are placed according to the
simple map”. P2 then asked the child, “Did you look at it carefully?”. P2 would then start the trial upon getting an
affirmative response from the child such as nodding or statements like “yes”.
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Figure 2. Representation of Trial 1

P2 would show the child the Puffy (a cat) figure and tell a story as follows: “Pepper (dog) and his friend Puffy were
playing hide and seek. Puffy was hidden in one of these boxes (P2 would then points at the model in Figure 2). “The
box, in which Puffy was hidden, is marked on this simple map” (P2 would then point to the spot colored black on
Figure 2). P2 would then say, “.... (name of the child) help Pepper to find the location of Puffy by looking at the simple

99

map”.

P2 then waited until the child pointed to a box. At this stage, no assistance would have been provided to the child
through expressions that indicated approval (e.g nodding, guiding with hands, pointing, etc.), unless the child stayed
impartial or responded by saying, “I cannot find”, or “I cannot make.”P2 would then encourage the child by saying, “I
believe that you will find Puffy”, “I believe that you will achieve”.
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Figure 3. Representation of Trial 2

The execution process for this trial was similar to T1. However, prior to commencing the trial, P2 took the child to a
place where he/she could not see the boxes. P1 then placed the cat figure inside the pre- determined box for this trial
(Figure 3) and closed the lid of the box. P2 and the child then returned to the table with the model, the simple map
which had been rotated by 180 degrees (Figure 3), was given to the child. P2 then instructed the child to look at the
simple map and the model carefully. P2 then repeated the story in T1 to the child and waited for the child to identify the
box marked on 180-degree-rotated simple map on the model.
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Figure 4. Representation of Trial 3

The execution process of this trial was similar to T2. However, in T3, a reference point was created by removing a box
(next to the target box where the figure was hidden) from both the model and the simple map (Figure 4). This was done
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with the expectation that a child will find it easier to identify the target box using his or her rotation skills. P2 then
waited for the child to find the box marked on 180-degree-rotated simple map and identify it on the model.
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Figure 5. Representation of Trial 4

P2 placed the model and the simple map in alignment (Figure 5) in front of the child. At this stage, the covers of all
boxes would be opened. P2 then put the cat inside a pre- determined box, gave the child a pencil and showed the cat
figure to the child and said, ‘“Please mark the location of Puffy on this simple map for Pepper to find him”. In this
marking stage, the child was asked to put a mark on the simple simple map where he/she thought would correspond to
the location of the cat on the model.

Trial 5 (A5): (Figure 5) P2 placed the model and the simple map in alignment (Figure 5) in front of the again. At this
stage, the covers of all boxes would still be open. P2 then pointed to the cat figure and said, “Now, hide Puffy in a place
that you want.” After this P2 would say, “Please mark the location of Puffy on this plan for Pepper to find him”. P2
would then wait for the child to mark the location of the cat on the simple map.

When the trials were completed, P2 informed the child that the game was over, thanked him or her for participating and
took him/her back to the classroom.

2.4.6 Scoring
In all stages, the scoring was made by giving 1 point for a correct answer and 0 (zero) points for a wrong answer.
2.5 Data Analysis

The outcomes of these experimental trials were recorded as either successful or unsuccessful. The data were analyzed
using logistic regression analysis for repeated binary measures i.e. Generalized Estimating Equations using PASW
version 18.0. Generalized Estimating Equations are an extension of Generalized Linear Models to a regression setting
with repeated correlated observations from each subject (Liang and Zeger, 1986; Horton and Lipsitz, 1999).

3. Results

The main purpose of this study was to assess children’s skill in using a simple map and to understand the relation of this
simple map to a related space. Concerning the first research question, the findings of the study show that there were
statistically significant differences in children’s performances in different experimental conditions (Wald = 245.31,
df=4, p<0.001). More specifically, children were less likely to be successful in trial 2 (Wald y’= 100.86, df=1, p<0.001,
odds ratio= 0.13, 95% Cl= 0.087- 0.19) and trial 3 which are requiring mental rotation (Wald y?= 22.25, df=1, p<0.001,
odds ratio= 0.46, 95% CI= 0.33- 0.63) compared to the trial 1 which is requiring understanding spatial relations.

In contrast, children were more likely to be successful in trial 4 (Wald = 21.01, df=1, p<0.001, odds ratio= 2.12, 95%
Cl=1.54- 2.89) and trial 5 (Wald y*= 41.52, df=1, p<0.001, odds ratio= 3.10, 95% CI= 2.2- 4.39) compared to the trial 1.
All of these practices are require understanding of spatial relationships. However, in the first trial, it is expected that the
marked point on the two-dimensional representation (simple map) is to find the three-dimensional (box) equivalent
while in the fourth and fifth trial the opposite is expected. Moreover, the differences between all pairs of trial conditions,
except the difference between the trial 4 and 5 (p=0.335), were also statistically significant (p<0.001).

Concerning the second research question, the findings of the study demonstrated that boys and girls do not differ on
their performances in the any of experimental conditions (Wald y2= 1.16, df=1, p=0.28). Likewise, the age difference
was not statistically significant (Wald 2= 3.6, df=2, p=0.166) indicating older and younger children performed
similarly on all experimental trials.
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4. Discussion and Conclusion

This research examined pre-school children’s ability to use simple maps were by employing five different trials with
each child. The scores obtained from these trials revealed that map skills did not vary by gender. In the literature, no
significant difference has been observed between girls and boys in terms of spatial skills (Hoyek, Collet, Fargier and
Guillot, 2012; Lowenstein and Gentner, 2001; Sandberg and Huttenlocher, 2001; Spelke, Gilmore and McCarthy, 2011;
Titze, Jansen and Heil, 2010; Verdine, et al., 2014). However, some studies have shown that in early childhood, boys are
more skillful in spatial abilities compared to girls (Levine, Huttenlocher, Taylor and Langrock, 1999). On the other hand
in Ilen’s study (2016) showed significant differences in the mental folding score between boys and girls; 7-8 years old
girls got better scores than boys but boys and girls were equally skilled solving mental rotation tasks.

Based on 6-month age ranges, simple map skills did not vary by children’s age. The research of Stea, Kerkma, Pinon,
Middlebrook and Rice (2004) revealed that 3-5 year-olds, and 5-year-old pre-school children successfully used simple
maps to find the location of an object hidden in an open area. Similarly, in trials carried out by Huttenlocker, Newcombe
and Vasilyeva (1999), the majority of 3-year-old and all 4-year-old children were able to use simple maps to find hidden
objects. These researches indicate that children can use simple maps from early ages and their mapping skill increase
with age. The absence of a significant difference may be due to the absence of, or limited exercises covering simple
map skills in pre-school institutions, or alternatively, the duration of the pre-school education in Turkey country is
shorter than that of developed countries.

According to the results of the current study children’s success significantly varied by trial. Children were more
successful in trial which are required understanding spatial relations compared to the trial which are required mental
rotation. Findings of the previous study with 95 3- to 6-year-old children (Peter, Glitk and Beiglb&k, 2010) showed
that the majority of 6-year-olds use of spatial relations whereas mental rotation of maps was shown only by two 5-years
old children. Spelke, Gilmore and McCarthy (2011) asked children aged 5-6 years to use a map of a particular
geometric arrangement to place an object on a location indicated on the map. Their results showed that children were
able to use the map successfully in placing an object in positions where the map and the arrangement were aligned, as
well as when they were rotated (90°, 180°, 360°). Some other researches have revealed that pre-school children are less
successful on simple map reading skills when the map and the object were not in alignment (Blemner and Andreasen,
1998; Bluestein and Acredelo, 1979; Liben and Downs, 1993; Vosmik and Presson, 2004). This may be due to the
insufficiency of spatial exercises in educational environments.

Children were more successful in activities that involved identifying a spot in the model on the simple plan (T4-T5) as
compared to identifying a spot marked on the simple plan in the model (T1). Children were particularly more successful
in marking the location of an object that they had placed themselves on the model, on the simple map (T5). This implies
that children focus more on the trials when they are actively engaged in the process and consequently give correct
answers.

5. Recommendations

In this study children’s ability in using information on a simple map and the space related to it were examined. Children
were able to make symbolic representations and interpret spatial relationships, but showed limited success in mental
rotation skills.

Future studies analyzing children’s ability to use simple maps in relation to larger, open and closed areas are
recommended. They ought to examine the ability of children of different age groups’ to use a map in a comparative
manner. Since our research showed the existence of basic spatial skills associated with map reading (symbolic
representation, spatial relationships, mental rotation) among 60-78-month-old kids, we recommend the development of
various trials to build the capacity of teachers in understanding the development and significance of spatial abilities in
children

The actual spatial context used in this study (model) was limited to the size that could be seen by the eyes of a child.
Future researches could focus on examining the effect of same spatial context in different sizes (for example on a bigger
scale) on children’s success of using a simple map.

In the literature, the experiences gained using concrete objects (as blocks) before the age of 4 years are of critical
importance in spatial skills development (Levine, Ratliff, Huttenlocher and Cannon, 2012). Even pointing by hand
improves the mental rotation skill of 4-year-old children (Ping, Ratliff, Hickey and Levine, 2011). The living
environment is full of opportunities for children to learn spatial skills and teachers in educational environments should
support children in understanding ‘space’ in different ways. Adults are expected to ask many questions about ‘space’
and allow children to ask questions as well. Finally, as learning ‘space’ is important in cognitive development, we
recommended the creation of developmentally-appropriate environmental arrangements, using concrete objects; and
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getting pre-school teachers to be proactive in providing opportunities for the development of different spatial skills
(simple maps, rotation, etc.). In addition, fictional or informative books can be used by teachers to support spatial skills’
development in preschool education classes (Adak- Ozdemir, Given, Ozdemir-Beceren and Zembat, 2019).

Training programs may help children to develop their spatial abilities. Tzuriel and Egozi (2010) have shown that
training programs focused on the teaching of representation and transformation of spatial information, brought about a
significant improvement in the spatial performance of young children and significantly mitigated the initial gender gap.
Adak-Ozdemir and Given (2014) showed that the Spatial Skills Education Program had positive impact on spatial skills
of preschool children. Finally, further surveys are needed to confirm these results regarding the spatial abilities of
children of this age-group.
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