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ABSTRACT

Spatial thinking remains one of the basic cognitive competencies of modern education
and STEM disciplines in particular, regardless of the fact how the great body of work
defines it. Geography courses at all levels of education represent a fertile ground for
encouraging spatial thinking, which has been insufficiently capitalized on for different
reasons. In order to support spatial thinking in geography classes, the authors believe that
it is crucial to undertake an initial analysis of its characteristics focusing on school
textbooks. It is the textbooks, including tasks and questions set before students, which
represent a “gauge” of advantageous students’ cognitive abilities and skills. The paper
investigates the characteristics of spatial thinking in high-school geography textbook
questions and tasks used in the Republic of Srpska (B&H).

The research was conducted on the basis of the methodology used by Trifunovi¢ (2020),
which is basically an extended methodology developed by Jo (2007) and Jo & Bernardz
(2009). Trifunovié¢'s methodology introduces 2 important new elements into the research
of spatial thinking - conceptions of spatiality (topological conceptions based on Aristotle’s
teaching on topos and absolute conceptions of spatiality) and spatial metaphors. The
research analyzed 1437 questions and tasks from the textbook.

Keywords: spatial thinking, geography textbook questions and tasks, spatial conception,
spatial metaphors, interpretation.

INTRODUCTION

Ever since 1980s, there has been a “spatial turn” in the humanities and social sciences.
Spatiality has come a long way from a sort of an inert scene of social events to one of the
key factors of conducting and understanding social processes. On the other hand, the rapid
processes of globalization and urbanization, the development of information society, and
the general introduction of technology into the lives of people demand special cognitive
abilities referring to spatial thinking [1], [2], [3].

The US National Research Council Report [4] underlines the fact that both scientists and
educators should pay careful and systematic attention to spatial thinking in order to
encourage both practical and theoretical spatial thinking among students. It is clear that
geography, both as a science and a school subject, has a potential to inspire higher
cognitive abilities and skills as it has been indicated by earlier studies [5], [6].

Gersmehl [6, 99] claims that one of the most pertinent findings of previous studies is the
transfer taking place within spatial cognition. The relevance of studying spatial thinking
and its application in teaching geography is pointed out by the Lucerne Declaration on
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Geographical Education for Sustainable Development which pronounces the necessity to
comprehend basic spatial concepts as key ideas which help students understand the world
as a meaningful unit [7].

Consequently, it is crucial to provide a clear answer to a seemingly easy question
regarding the definition of spatial thinking. A great body of work [8], [9], [10], [11], [12],
[13], [14], [15], [16], [6], [17], [18], [19], [20] offers different definitions by different
authors, both formally and substantially. From a formal and vocabulary point of view,
there are different terms used to refer to spatial thinking, such as spatial literacy, spatial
ability, spatial intelligence and geographical reasoning. Substantially, most definitions
use three basic elements as follows: concepts of space, different tools for space
representation, and operational combinations of these activities in the process of
reasoning [4, 12]. Kastens and Ishikawa [16] suggest a broader definition by materializing
the process of reasoning through categories of interpretation and prediction, also
introducing spatial metaphors. It is evident that most attempts to define spatial thinking
focus on listing relevant concepts. From the geographical point of view, it is
understandable that each element within a system must be, in some way, a part of a whole.
The previous definition is missing this principle. The definition also fails to elaborate on
different meanings of specific concepts of spatiality. Concepts may obtain different
meanings, as can be observed in cases of location or boundary concepts, which might be
comprehended from geometrical, cultural or ontological aspects. Hence, conception of
spatiality represents a basic structure or an organization matrix of spatial thinking, its
demonstration and representation. We can think of conception as a spatial code, the
function of which matches the so-called final interpreter [21].

A plausible definition of spatial thinking should also contain a connective structure which
would “provide” concepts with specific meanings by materializing them. The authors
believe that it is the conception of spatiality what the definition is lacking [19], [20]. Our
definition of spatial thinking is as follows: Spatial thinking is a complex cognitive activity
composed of five interconnected elements - conception of spatiality (1), concepts of
spatiality (2) space representation (3) process interpretation (4) and the usage of spatial
metaphors in non-spatial thinking (5) [20].

It is the school textbooks that clearly indicate a state of a science in a specific society. As
sources of knowledge, these textbooks reflect the existing scientific truths presented in
the text materials. On the other hand, their didactic and methodical elements reflect the
didactic and methodical side of the teaching process. According to Vucenov [22], a
textbook is both a source of knowledge and a medium of knowledge transfer.

In order to develop spatial cognitive skills within the teaching process, it is necessary to
analyze to which extent the textbooks and their methodical and didactic aspects actually
stimulate these skills. Earlier studies of textbooks focusing on characteristics of spatial
thinking [23], [17], [24], [25], [20] represent initial steps which may serve as guidelines
for designing future geography textbooks.

MATERIALS AND METHODS

We believe that parts of the textbooks referring to tasks and questions are places where
structural components of spatial thinking are easiest to detect and where encouragement
of spatial thinking among students is most pronounced.

The research consisted of extracting all questions and tasks from high school geography
textbooks, and doing an analysis of their content with regard to certain elements of spatial
thinking. This analysis was performed on the basis of the methodology used by Trifunovié¢
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[20], which is basically an extended methodology developed by Jo [23] and Jo &
Bernardz [17]. Trifunovi¢'s methodology in the research of spatial thinking, in accordance
with his definition of spatial thinking, introduces 2 important new elements - spatial
metaphors and conceptions of spatiality. Along with the absolute conception of space,
this methodology also entails Aristotle’s topological conception [26], [27], [20] which
author believe to be the essence of the systems approach in geography.

Following the mentioned methodology, questions and tasks are analyzed through the six
categories:

1. The location of questions (in the text, as an appendix, end of a lesson) 2. The type of
conception of spatiality (absolute or topological) 3. The type of spatial concept (non-
spatial, primitive, simple, complex) 4. The type of interpretation demanded of students in
tasks and questions (reproduction, interpretation of relations, projection of processes) 5.
Do the questions and tasks demand specific graphical representations? 6. Are the students
asked to use spatial metaphors in non-spatial thinking?

The next methodological step was to encode the element of spatial thinking in the
questions which enabled the analysis. For instance, the textbook question Name some
scientific disciplines in geography is coded as V-7, G-1, D-2, F-1, G-0, H-1, I-5. Once
we decode the sequence, it means the following: V-7 — The question is on page 7 in the
analyzed textbook; G-1 — The question is located in the text; D-2 — It is the absolute
conception of spatiality; F-1 — The question used a non-spatial concept; G-0 — The
students are not requested to use the spatial relation representation; H-1 — An answer to
the question require the reproduction of facts; I-5 — The students are not requested to use
spatial metaphors.
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Figure 1. Geographical position of Republic of Srpska. Source: [28]

The research was conducted in the territory of Republika Srpska (B&H) (Figure 1.),
where we analyzed the following five high-school geography textbooks: the 1 st grade
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textbook for vocational high-school students, the 2 nd grade textbook for Grammar
School students, the 3 rd grade textbook for Grammar School students, the 1 st grade
textbook for economy-business-trade high-school students, and the 1 st grade (3-year
high-school) and 2 nd grade (4-year high-school) textbook for students attending the
vocational high-school of tourism and catering. For practical reasons, the textbooks are
labeled as A, B, C, D, and E, respectively.\

RESULTS

The analytical technique used for the analysis of tasks and questions in the high-school
textbooks comprised, as mentioned in the introduction, the following categories —
conception of spatiality, concepts of spatiality, interpretation, graphical representation,
the usage of metaphors, and the location of tasks and questions in the textbooks. All these
categories represent a gauge helping us analyze aspects of spatial thinking and their
interconnection, which is the primary objective of the study. There are 1437 tasks and
questions analyzed in five textbooks.

CONCEPTIONS OF SPATIALITY

Results of the analysis of tasks and questions in high-school textbooks in the Republic of
Srpska indicate that, within the category of conception of spatiality, there are 425 (29.6%)
tasks and questions in the subcategory of topological conception of spatiality and 1012
(70.4%) tasks and questions in the subcategory of absolute conception of spatiality [20].

Table 1. Conception of spatiality in different textbooks
Textbook A | Textbooks B Texthook C Textbook D Textbook E
n % n % n % n % n %
Topological | 64 264 | 74 25.3 113 42.5 111 31,4 63 22.2
Absolute 178 | 73.6 | 218 74.7 153 575 | 242 68.6 | 221 77.8
Total 242 | 100 | 292 100 266 100 353 100 284 100

There is also a significant disparity among conceptions of spatiality emerging during the
analysis of different geographical materials, i.e. during different approaches to the
analysis of geographical materials. There are two approaches in geographical studies,
methodology design, and geography teaching organization at all levels — regional and
thematic. The reason for these two approaches is purely didactic but it often results in
simplification and schematization of the teaching content and methods. The thematic
approach is commonly used for the introduction of geography as a science and it focuses
on the structure and spatial distribution of a specific geographical component. The
distribution is usually illustrated via maps displaying the Earth structure, layers, genesis,
relief, etc. The purpose of this approach is to set foundation for the more complex regional
approach, i.e. a synthetic approach to processing geographical content. Geography
teaching is based on the pyramid model where the base covers the studying of natural
geographical components, which will later on be used in the synthesis of social-
geographical segments within a specific regional unit.

Given these two approaches, the analysis of textbooks indicates that the textbook A,
which addresses 1st graders, represents a paradigm of the thematic approach, whereas the
textbook B adopts the regional approach as it addresses the regional geographical units in
line with the 3rd grade Grammar School curriculum.
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Table 2. The distribution of conceptions of spatiality in line with approaches to the teaching content

Textbooks

Thematic A Regional B
Conceptions | N % N %
Topological | 64 26.4 | 113 42.5
Absolute 178 73.6 | 153 57.5
Total 244 100 266 100

Table 2 clearly shows that the topological conception of spatiality prevails in the textbook
B, meaning that the tasks and questions formulated within the regional approach
encourage the interpretation of mutual connections among the elements of the
environment. It is in this textbook that the topological conception covers 113 (42.5%)
tasks and questions.

The absolute conception of spatiality is more pronounced in the 1st grade textbook with
the total of 178 (73.6%) tasks and questions. These findings indicate that there is a
correlation between the systems approach and the absolute conception, i.e. between the
regional approach and the topological conception of spatiality.

CONCEPTS OF SPATIALITY

The concepts are distributed within the absolute conception as follows: there are 58.5%
(592/1012) of non-spatial concepts, one third (331/1012) are primitive concepts, 3.7% are
complex concepts, and 5.1% (52/1012) are simple concepts of spatiality in the analyzed
tasks and questions (Table 3).

On the other hand, the topological conception of spatiality displays an opposite trend.
Complex concepts are most pronounced and they are detected in 292 tasks out of 425
tasks which include topological conception in total. Tasks with non-spatial concepts are
the fewest with only 12 instances (2.8%).

Table 3. The total ratio between the concepts and conceptions of spatiality
Conceptions

Topological Absolute
Concepts n % N %
Non-spatial | 12 2.8 592 58.5
Primitive 32 75 331 32.7

Simple 89 21 52 5.1
Complex 292 68.7 37 3.7
Total 425 100 1012 | 100

There are 7.5% (32/425) primitive concepts of spatiality and 21% (89/425) simple
concepts in the total number of tasks including topological conception.

Table 4. The distribution of concepts of spatiality in line with the task location

In the text As an appendix End of a lesson

n % n % n %
Non-spatial | 85 30.9 6 10.3 513 46.5
Primitive 98 35.6 17 29.3 248 22.5
Simple 25 9.1 8 13.8 108 9.8
Complex 67 244 27 46.6 235 21.2
Total 275 100% 58 100% 1104 100%
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Most tasks and questions in the analyzed textbooks are located in the end of a lesson
(1104) in cases of all four categories of the concepts of spatiality. Still, most tasks and
questions located in the end of a lesson belong to non-spatial concepts (513/1104) (Table
4).

Primitive concepts of spatiality are detected in 248 tasks and questions located in the end
of a lesson, whereas simple concepts of spatiality are found in each tenth task and question
(108/1104).

TYPES OF INTERPRETATION

Results indicate that most tasks and questions demand that the students reproduce facts.
There are 788 tasks in this category, i.e. 54.8% of total tasks and questions. We may infer
that this is an unfavorable indicator because the students are encouraged to use only the
lowest level of cognition —to memorize information and repeat them without any analytic
and synthetic expansion of knowledge. The tasks that require the highest level of
cognition (projection of processes) are the fewest (26/1437). Percentually, the high-
school geography textbooks include only 1.8% of such tasks and questions.

Table 5 systematically lists the types of interpretation requested in each textbook. The
textbook B mostly covers tasks and questions which require the memorization and
reproduction of specific facts and data (percentually) and there are 58.9% of reproductive
tasks in this textbook. Speaking of this category, the absolute values are most pronounced
in the textbook D — 201 tasks out of the total number.

The textbook B also includes the fewest tasks and questions which are cognitively least
challenging. It is only in this textbook that the percentage of such tasks is less than 50
percent — 48.5%.

Tasks and questions which primarily focus on the interpretation of processes are also most
frequent in the textbook C (133/266). In this category, the percentage of such tasks and
questions is 45.5% in the textbook A and 39.1% in the textbook D. In other two textbooks,
such tasks share similar percentage - 43% in the textbook E and 41.1% in textbook B.

Table 5. The distribution of types of interpretation for each textbook

. . Textbooks

Types of interpretation A 5 C D S
n % n % n % n % n %

Reproduction of facts | 126 | >° | 172 | 589 | 120 | 485 | 201 | 56.9 | 160 | o>
Interpretation of 45,
processes 110 5 120 | 411|133 |50 | 138 |39.1| 122 |43
Projection of processes | 6 24 |0 0 4 15 |14 4 2 0.6
Total 242 | 100 | 292 | 100 | 266 | 100 | 353 | 100 | 284 | 100

Speaking of tasks and questions which demand the projection of processes as a high level
cognitive activity, it is the textbook D that includes most of these in both absolute and
percentage values — 14 tasks and questions (4%). Secondly, there is the textbook A with
six such tasks (2.4%). We should point out that the textbook B does not include any of
such tasks and questions. The fewest tasks which demand the projection of processes are
found in the textbook E (0.6%).
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Figure 1. The required types of question interpretation in line with the concepts of spatiality in total

Figure 1 demonstrates the ratio between the required types of interpretation and the used
concepts of spatiality. There is an evident connection linking higher concepts and
cognitively more challenging functions. Among tasks and questions which require
reproduction of specific facts, there are most non-spatial (61.9%) and primitive (34%)
concepts. On the other hand, tasks and questions requiring the projection of different
geographical processes are dominated by complex concepts of spatiality (73.1%), with
only 3.8% of non-spatial concepts.

GRAPHICAL REPRESENTATION AND THE USAGE OF METAPHORS

Table 6 outlines tasks and questions which require graphical representation, either as a
basic or an additional element, for each textbook indivially. A general feature of this
category is a remarkably small number of such tasks — only 24 out of 1437. Given the
fact that the ability to graphically represent spatial relations is one of key components of
spatial thinking as many authors point out [29], [30], [6], [31] such approach essentially
constricts the ability to encourage spatial thinking in high-school geography classes. The
required graphical representations usually refer to plotting geographical locations or areas
with some dominant agricultural crops in maps without any representations of relations
among spatial phenomena, objects or processes.

Table 6. Number of tasks which require the graphical representation per textbook and total

Textbook A | Textbook B | Textbook C | Textbook D | Textbook E | Total

Number 3 9 3 8 1 24
Percentage of |, ¢ 375 125 333 42 100
graphical tasks

Percentage 1.2 31 11 23 0.4 17
in total

Spatial metaphors, the role of which is to transfer spatial cognition within a field where it
Is not required, are rarely singled out in high-school geography textbooks in the Republic
of Srpska. Spatial metaphors are detected in only 0.3% of analyzed tasks and questions
[20].
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DISCUSSION

Our findings prove the predominance of the quantitative spatial analysis paradigm in our
geography textbooks. Students are generally asked to determine locations of geographical
objects, either by finding or plotting them on a map, which we refer to as positional
reference. On the other hand, this paradigm is evident in tasks including arithmetic
operations for calculating different absolute and percentage indicators, which we refer to
as quantitative reference.

Topological conception is present in less than one third of tasks and questions in the target
textbooks. Given the fact that these textbooks are used in high-schools, this finding is
unsatisfactory. Although we believe that the aforementioned paradigm and the tasks
within it are valuable, it is still crucial to insist on tasks and questions focusing on the
analysis of functional and hierarchical relations among spatial objects and phenomena.
The reason for this is the pertinence of encouraging students’ higher cognitive activities
necessary for everyday life. Furthermore, the analysis of PISA tests unveils that the test
tasks within the field of geoscience require (geo)topological perception of relations
among specific phenomena.

Strictly speaking, concepts of spatiality encompass only the last three groups (primitive,
simple, complex). It was for the purpose of analysis that non-spatial concepts were
included despite the conceptual inconsistency. The validity of such decision lies in the
fact that it is now possible to compare data with the “real” concepts of spatiality. It is the
non-spatial concepts that prevail in the analyzed tasks and questions — 42% of all
concepts. The obtained results suggest that it is necessary to reconceptualize the high-
school textbooks by increasing the occurrence of “real” concepts of spatiality in tasks and
questions and decreasing “non-spatial” concepts which refer to facts and reproduction.
According to our findings, reproduction covers almost 55% of all tasks and questions.
Interpretation is required in 43.4% and evaluation and projection in only 1.8% of all tasks
and questions.

Since the analyzed textbooks are used in high-schools, the reproduction should be
minimized and more complex types of interpretation should be encouraged. Primarily,
the tasks and questions should include graphical components and inspire so-called
graphicasy [32], [33].

Last but not least, textbooks should inspire students to think metaphorically and develop
an ability to apply their geographical thinking outside geography classes.
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