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Abstract: Maps are not just powerful tools to communicate spatial information; they also have
significant educational potential to develop students’ knowledge, skills, and thinking. To fully
exploit this potential, deep research is needed into map-use processes considering the variability of
map types and the cognitive complexity of map operations. Whereas research on map reading is
relatively common, the research into cognitively more demanding operations is lacking. Therefore,
this study employed an eye-tracking experiment combined with a follow-up questionnaire with
20 upper-secondary students to examine the strategies students choose when analyzing general-
reference maps. Specifically, attention is paid to the strategy repertoire, distribution, efficiency,
and adaptiveness of strategy choice. Subsequently, the study is focused on students’ perception of
strategies. According to the results, participants used a rich repertoire of strategies (although many
of them unconsciously) and adapted the strategy choice to task demands. The solution efficiency
varied among task demands, as did the efficiency of individual strategies and their combinations.
The research design allowed a comparison with earlier studies on strategies for thematic map use.
The results should be of interest to cartographers (to design effective educational tools) and educators
(to educate map users complexly and effectively).

Keywords: eye-tracking; strategies; map analysis; general-reference map; upper-secondary education

1. Introduction

One of the traditional definitions of cartography states that it aims to collect and ana-
lyze data and measurements of the Earth’s various patterns and represent them graphically
on such a reduced scale that the elements of these patterns are clearly visible [1]. The
language of maps is used to communicate spatial information from the cartographer to the
map user [2–4]. Phillips [5] accentuates that when the information is presented in a map,
there is no longer any need to store the raw information. With the clarity of spatial data
visualization and the current availability of mapping applications, this fact makes maps
more popular than ever [6].

Maps are powerful tools to communicate spatial information, but they also have signif-
icant educational potential that should be exploited by high-quality cartography education.
Cartography education at the primary and secondary levels should not elementally focus
on “producing” effective mapmakers [7], but rather skilled map users with a developed
understanding of cartographic concepts. Moreover, map users must be educated not only
to simply decode the information that cartographers encoded in the map but also to analyze
and interpret this information, inter alia, in relation to other information displayed on the
map and in a broader context [8,9]. In this regard, maps (and cartography education in
general) serve as tools of spatial thinking development [10,11].

Nakos, Filippakopoulou and Michaelidou [3] consider the why (its purpose and
importance), how (teaching methods and strategies) and what (content to be taught) of
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quality cartography education. To increase the efficacy (and, therefore, the quality) of
cartography education in its what component, it is crucial to know not only what level
of map skills students have acquired [3], but also how students use maps (the map use
processes). Research into processes and ways, i.e., strategies, that students use when
dealing with maps in different situations (to solve various types of problems/tasks) is
therefore vital to the design of a quality cartography curriculum.

When researching map-use processes, it is necessary to consider the variability of map
types. Different types of maps call for employment of different map skills and various
cognitive processes [12]. Although the thematic map share has increased in school cartogra-
phy in recent decades, traditional general-reference maps are still one of the predominant
types in primary and secondary levels of cartography education [12,13]. This is somewhat
in contrast with research attention devoted to the investigation of general-reference map
use. More precisely, studies aimed at simple map reading (e.g., color/symbol/value search
and decoding or location finding) are relatively common (e.g., [14,15]; for a more detailed
overview see [16]). In contrast, studies focusing on cognitively demanding operations
(extraction of spatial patterns, identification of spatial relationship, use of scale, map critical
evaluation, formulation of generalizations or predictions, etc.) with this type of map are
still lacking. Moreover, Krassanakis and Cybulski [17] consider studies on cognitively more
demanding map use and evaluating the appropriateness of eye-tracking technology for
research in the field as one of the future cartographic challenges.

Considering this research deficiency, the study investigates the strategies that students
choose when analyzing general-reference maps by addressing the following research questions:

• Which strategies do students use to analyze general-reference maps?
• When (and how frequently) is each strategy used?
• How is strategy choice adapted to specific conditions?
• How efficiently (accurate and quickly) is each strategy executed?

To answer the questions, the study employed eye-tracking technology in combination
with the general-reference map analysis test and a questionnaire for an in-depth experiment
with 20 upper-secondary students. The results should be of interest to cartographers and
educators dealing with school cartography. Cartographers should reflect these findings in
their educational products such as the school maps (in textbooks, school atlases, or as wall
maps). The ways in which spatial information is portrayed in these products should be
influenced by the educational research findings in order to design as effective educational
tools as possible [3]. Educators in cartography should be aware of the strategy repertoire,
distribution, efficiency, and adaptiveness of strategy choice in order to effectively develop
these dimensions in their students and educate future map users complexly.

1.1. Cognitive Variability of Map Use

When working with maps, users employ their knowledge of maps (elementary car-
tographic concepts) and map skills [18]. Among these skills, map design skills referring
to the design of a map and map use skills engaging with a previously designed map can
be distinguished according to the nature of the map work processes. Subsequently, map
use skills can be divided into map reading, map analysis and map interpretation according
to the cognitive complexity of individual map skills [8]. While map reading consists of
cognitively simple operations, map analysis and interpretation are considered cognitively
demanding skills. Moreover, increased complexity of map use skills can be observed, which
means that the less complex skills are a prerequisite for the more complex ones [19].

This study focuses on strategies used when analyzing a general-reference map—
specifically, when extracting and comparing the spatial distribution and spatial relation-
ships between depicted phenomena.

1.2. Strategies of Map Analysis

To understand more complexly how students apply their map skills, it is crucial to
be cautious of the strategies used to solve map tasks. Strategies can be understood as the
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sequences of operations in which an individual processes a given cognitive task [20] and
makes a reasonable decision, i.e., actively and gradually differentiates one alternative from
other available alternatives. According to the Diff Con theory, Svenson [21] discriminates
five phases of the decision-making process: problem recognition, gathering relevant infor-
mation, evaluation of information, selection of the superior alternative, and consolidation
of the decision.

Integrating Svenson’s five phases of decision-making with the eye-mind hypothe-
sis [22], it can be concluded that users pay attention to specific elements of the task in each
phase. Notably, the task assignment, the map (and its specific elements: map face, legend,
scale, north arrow, and coordinate grid), and decision alternatives in multiple-choice tasks
can be identified as the users’ areas of interest (AOI). When compiling map use strategies as
sequences of AOIs, it should be considered that a new strategy always starts with reading
the task assignment as an expression of recognizing and familiarizing oneself with the
problem (i.e., phase 1 in decision-making according to Svenson [21]).

Based on this assumption and the subsequent order of other areas of interest, four
general types of strategies used to solve the close-ended (multiple choice) map tasks can be
distinguished (according to [11,23,24]):

• TMA—the map user reads the task assignment (T), gathers and evaluates information
from the map and solves the task (M), then compares the solution with the given
alternatives (A).

• TAM—after reading the task, the user considers the given alternatives and solves the
problem by verifying each alternative using the information from the map.

• TxAx—after recognizing the problem in the task assignment, the user starts solving it
using the information from the map (x—from map face, legend, scale, or coordinate
grid), then checks the given alternatives (A) and completes the solution by verifying
them with the map (x—with a different segment of map than in previous x step). To
be classified as a TxAx strategy, the user must use the map face in one of the “x steps”.

• TM—the user studies the task assignment and then solves the task using relevant
information from the map without paying attention to the given alternatives.

In addition to the four distinguished strategy types, Havelková and Hanus stressed the
need to introduce an “uncategorized” strategy type that contains strategies that could not
be assigned to any of the previously defined types. These are especially incomplete/partial
strategies with no use of the map face [11]. Users’ preferences of the strategy types to solve
diverse map tasks can vary according to the type of task, its cognitive complexity, specific
map layout, users’ experience etc.

Using these theoretical assumptions, this study employs the spatiotemporal theory-
driven approach to meet the set goal, i.e., to identify the strategies used (see Havelková
and Hanus [23] for details). However, to better understand how students develop and use
their map skills, it is necessary to consider the strategies’ variability, the appropriateness
of their use, adaptiveness, etc. Focusing on the specific dimensions of strategies yields a
more differentiated picture of map use than would otherwise be possible. Lemaire and
Siegler [25] recommend distinguishing among four dimensions of strategies, changes in
any one of which can yield overall improvements in accuracy or speed of the strategy.

• Strategy repertoire—involves the list of strategies used to solve a task. In many
domains, multiple strategies can be used to solve a single task [26–29]. Changes in the
repertoire include the acquisition of new strategies and the abandonment of old ones.

• Strategy distribution—involves both the relative frequencies of each strategy and the
types of tasks on which the strategy is used [25,30].

• Adaptiveness of strategy choice—refers to the adaptiveness of strategy choices and
involves decisions about which strategy (from the strategy repertoire) to use on each
task [25,30].

• Strategy efficiency—involves quantitative and qualitative features of performance.
Mainly, it concerns the accuracy and speed of strategy execution [25,30].
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1.3. Related Studies

The study is part of the step-by-step systematic research into strategies used when solving
tasks with maps and is grounded in the findings of authors’ previous studies [11,12,23,24].

First, research into the influence of map type/mapping method on students’ level of
map reading, analysis and interpretation was performed [12]. As statistically significant
differences in map skill levels between map types were observed, subsequent research
focused on the strategies used to solve tasks using different map types. Prior to this, a pilot
study was executed on the three basic methodological approaches (spatial data-driven,
spatiotemporal data-driven, and spatiotemporal theory-driven) suitable for analyzing
strategies, using eye-tracking technology, for cognitively demanding tasks with maps [23].

Subsequently, attention was primarily paid to the strategies for using various thematic
maps. The first study compared expert and novice map users and identified the most
common bottlenecks (e.g., improper use of the legend, inability to focus on relevant map
elements) resulting in task-solving failures [24]. The following study investigated the reper-
toire, distribution, efficiency, and adaptiveness of strategy choice of the upper-secondary
students’ strategies when analyzing various thematic maps [11]. Considering the different
nature of the general-reference map, this study complements and extends the findings of
the previous studies and, especially, allows the comparison of students’ strategies applied
when using thematic and general-reference maps.

Moreover, the study background is formed by a combination of knowledge related
mainly to user aspects of maps, cognitive strategies for working with visualizations, and
specifics of general-reference maps. Ory et al. [31] emphasize the critical role of cartographic
symbols in reading maps and interpreting spatial patterns. The impact of used cartographic
symbols, together with the map scale and background complexity, on the users’ level of gen-
eral reference map analysis skills was proved to be significant [13]. Michaelidou et al. [13]
stress the need to focus specifically on the influence of hypsographic tints, direction de-
termination, and the use of both small- and large-scale general-reference maps. However,
it is necessary to investigate the cognitive aspects of processing visual information to un-
derstand the process of general-reference map analysis complexly [32,33]. Specifically, the
investigation of employed visual analytics strategies for pattern recognition and compari-
son, analytical reasoning, decision making, etc., is needed [34,35]. Cöltekin et al. [34] found
that users mostly follow the expected hypothetical strategies with diverse efficiency. When
working with visuospatial representations, users’ performance might be affected by many
variables, e.g., characteristics of the representation [36,37], task demand, and familiarity
with the area depicted on the representation [38]. Moreover, educational variables, such as
teachers’ personal teaching concepts [9], teachers’ and students’ various methods of map
use [15], visual search training [35] etc., can significantly influence the process.

2. Materials and Methods
2.1. Study Design

The research methods were chosen with regard to the main goal of this study, with
an eye-tracking experiment as the main source of data. The data from the eye-tracking
experiment were backed by a follow-up questionnaire (Figure 1). The study design thus
enabled to compare participants’ used strategies and their perception of used strategies (for
similar research design see, e.g., [39–41]). The methodology of both the experiment and
the questionnaire was based on authors’ previous studies [23,24] and was adjusted to the
study specifics (chosen task type, task demands, and map type).

2.2. Participants

To ensure that enough participants would take part in this study, we contacted geogra-
phy teachers from Central Bohemia and Prague. We selected teachers in upper-secondary
grammar schools where geography is taught to all students for at least three years. The in-
vitation included basic information about the experiment, requirements, and a registration
link. The requirements related to the students’ ages and thus completion of compulsory
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geographical education, and to selected vision disorders that could potentially affect the
quality of data acquired using the eye-tracking technology.

All 20 participants (10 males and 10 females, aged 17 to 20) were in the final year
of grammar school or were former students in the first year of university unrelated to
geography. Students from seven different schools signed up. All participants had normal
or corrected-to-normal vision and they completed the experiment independently. Each
student participated voluntarily, provided written informed consent, and received a reward
for their contribution.
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2.3. Materials

A suitable general-reference map for the experiment was chosen from a Czech school
atlas (i.e., without an easily recognizable area, in an appropriate scale for on-screen view,
etc.). An editable vector copy of the map was acquired from the publishers. The map was
adjusted using Adobe Illustrator CC with regard to the study aims and methods used (see
Figure 2).
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Specifically, the original map labels (e.g., city, river, or national park names) were
substituted with fictional ones. Consequently, participants were unable to recognize the
originally depicted area and were not influenced by their previous knowledge. Furthermore,
the readability of all cartographic signs on the map face was checked and fixed with regard
to the general complexity of general-reference maps and the required distance between
participant and monitor during the eye-tracking experiment.

The eye-tracking experiment consisted of 12 test tasks focused on analysis of the
general-reference map (see Table 1). Individual tasks were presented in a fixed order
to all participants, and were divided in a total of four task demands (each consisting of
three tasks). Each task demand focused on work with a different map element or part of the
map content specific to general-reference maps (coordinate grid, graphic scale, hypsometric
tints, and topography). Each task was presented as one stimulus together with the map
identical for all of them (map face, legend, scale, and coordinate grid) and three possible
answers (see Figure 2). One of the given answers was correct and two were distractors.
To confirm that the created tasks were appropriate for this experiment and its goals, the
validity of each task was checked by experts in the field related to this study. Moreover, the
task formulations were adjusted according to the results of the pilot study carried out on
173 students in their final year of upper-secondary grammar school or first year of university.
The success rate of each task was checked along with subjective task intelligibility.

Table 1. List of tasks used in the achievement test.

Task ID Task Assignment

H1 Which water body is located at the highest altitude?
H2 Which river has the highest elevation difference?
H3 Which area is in the highest altitude?
T1 How many towns have more than 25,000 inhabitants?
T2 Which town has the most types of direct transport connection with Malovice?
T3 Which river has the most waterfalls?
S1 Which towns are 200 km apart?
S2 What is the distance from Jirsko to Úsobí on a highway?
S3 What is the approximate area of Horka national park?
C1 In which hemispheres is the majority of the map located?
C2 In which field of the coordinate grid are most towns located?
C3 Which coordinates correspond to Veleboř?

Note: The number in the task ID indicates the order of the tasks for the given task demand. Abbreviations used:
H—hypsometric tints, T—topography, S—graphic scale, C—coordinate grid.

The follow-up questionnaire was divided into four distinct parts (see Supplementary
Materials). In the first part, the participants stated their perceived difficulty of the whole
experiment and of each task type. They were asked if the task difficulty varied and why.
Then they compared the answers they gave in the test tasks with the correct answers
and were asked for their opinions regarding why they chose the wrong solution if they
did not solve all tasks correctly. In the third part, participants indicated which of the
elements or map content they used frequently, and which were connected only to the
specific task demand. The final part of the questionnaire was aimed at the strategies used.
The participants were asked about their strategy choice and also if, from their perspective,
their strategies differed based on the task type and thus they worked with different elements
or map content.

2.4. Eye-Tracking Apparatus and Setting

During the eye-tracking experiment, the SMI RED 250 system with a sampling rate
of 250 Hz was used in combination with a 15.6-inch monitor with a screen resolution
of 1920 × 1080 pixels. Appropriately lit separate rooms without any disruptions were
prepared for the eye-tracking experiment and the follow-up questionnaire. The experiment
was prepared in SMI Experiment Center.
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2.5. Procedure

The study was introduced to each participant and instructions for the eye-tracking
experiment were provided. The participants were asked to complete the informed consent
form and provide some personal information (age, gender, school attended).

The experimental session started when they were seated correctly at a viewing distance
of 60 (±5) cm from the eye tracker. Before the first stimulus was revealed, a 13-point full-
screen calibration was carried out. The calibration threshold was set to 0.5◦ of visual angle.
A brief repetition of key instructions was followed by a one-minute-long stimulus that
displayed the map alone. The purpose of this stimulus was to familiarize participants with
the map before the first test task to ensure that the duration and success rate of the first
task would not be influenced by unfamiliarity with the map. To verify that the participants
understood the instructions, they solved a training task prior to the test. Since participants
responded verbally, the control of the stimuli and recording of the response was up to
the researcher. In between all stimuli a fixation cross was displayed for 600 ms. After
the experiment, the correct answers were shared with the participants and they filled in
the follow-up questionnaire. A copy of the map used was made available to them while
they completed the questionnaire. At the end of the experiment each participant received
a reward.

2.6. Data Analysis

The recorded data were converted from SMI BeGaze to the open-source applica-
tion OGAMA using the SMI2OGAMA convertor (http://eyetracking.upol.cz/smi2ogama,
accessed on 11 November 2021). For data conversion to OGAMA we used settings rec-
ommended by Popelka (fixation threshold 80 ms; dispersion radius 50 pixels) [42]. Before
further data analysis began, data quality was checked using OGAMA software. During this
process, a file containing data loss and samples out of monitor that could not be recorded
was exported from OGAMA. First, the percentage of data loss was checked for possible
elimination of participants with low quality data. The limit for further quality check was
set at 10% data loss, which occurred in only one participant and task. This task record was
reviewed and found to be eligible for qualitative analysis. The same process was repeated
with the percentage of samples out of monitor with the same limit without the need for
further examination.

OGAMA was used for qualitative analysis of the collected data using the GazeReplay
method, which enables analysis of video recordings of participants’ eye movements. All
strategies used in the recordings were coded independently by the first and second authors
following a coding scheme developed by Havelková and Hanus [23]. In cases of uncertainty,
the authors reviewed the recordings together until they reached agreement on the strategies
used. The coding scheme was used as in previous research, which is based on theoretically
set strategies (see Section 1.2) that are expressed as strings of used AOIs during the task
solving. In this case, 10 AOIs were defined for the strategy identification (see Figure 2).
Each stimulus contained all AOIs: task (T—used in the abbreviations of the strategies),
map face (M), legend (L), possible answers (A), map scale and coordinate grid (S).

The task-solving process can be divided into solving cycles and thus can consist of
more strategies used in combination or one strategy used multiple times (each solving cycle
is equivalent to one strategy). Each cycle starts by familiarization with a problem, thus
a new solving cycle can be distinguished by rereading the task assignment, followed by
work with map elements that define a chosen strategy. When a participant used more than
one strategy to solve a task, the strategy combination was divided into pairs of strategies
for further analysis, e.g., a combination of TM, TLMA and TMAS strategies was equal to
three pairs of strategies (TM + TLMA, TM + TMAS, TLMA + TMAS).

http://eyetracking.upol.cz/smi2ogama
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3. Results

The results section is structured according to the research questions set out in the
introduction. These questions are associated with the four dimensions of strategies in the
Lemaire and Siegler model [25].

Given the high number of identified strategies, the repertoire, distribution, efficiency,
and adaptiveness of participants’ strategies were evaluated mainly from the viewpoint of
the strategy types.

3.1. Which Strategies Are Used?

Each of the 20 participants solved 12 tasks during the eye-tracking experiment (240 records
in total). Altogether, the participants used 43 different strategies while solving the tasks (Table 2).
Some participants used strategy types more equally than others. All strategy types were used
by 15 participants. The strategy type that was missing from the repertoire of five participants
was TM. On the other hand, the TMA strategy type (without combination with other types)
was used by 30% of the participants in at least half of the tasks.

Table 2. Repertoire and distribution of strategies based on eye-tracking data.

Strategy
Type/Strategy

Total Frequency
of Use Single Use Single Use (%

of Total Use)
Use in

Combination
Structure of

Combination (%)
Task Demand

H T S C
TMA 149 73 49.0 76 33.4 44 54 24 27
TMA 57 20 35.1 37 17.8 29 16 5 7

TMLA 38 23 60.5 15 6.1 12 24 1 1
TMSA 18 9 50.0 9 3.4 0 0 8 10
TLMA 17 13 76.5 4 1.8 3 14 0 0
TSMA 13 6 46.2 7 2.8 0 0 5 8

TMLSA 4 1 25.0 3 0.9 0 0 4 0
TSMLA 1 0 0.0 1 0.6 0 0 0 1
TLSMA 1 1 100.0 0 0.0 0 0 1 0

TAM 56 20 35.7 36 17.2 20 4 17 15
TAM 25 6 24.0 19 10.1 17 4 3 1

TAMS 13 7 53.8 6 3.1 0 0 5 8
TASM 6 3 50.0 3 1.5 0 0 1 5
TAML 6 3 50.0 3 0.9 2 0 4 0
TALM 3 0 0.0 3 0.9 1 0 2 0

TASML 1 0 0.0 1 0.3 0 0 0 1
TAMLS 1 1 100.0 0 0.0 0 0 1 0
TALMS 1 0 0.0 1 0.3 0 0 1 0

TM 40 1 2.5 39 16.9 9 15 8 8
TM 22 0 0.0 22 9.2 3 8 6 5

TML 10 1 10.0 9 4.6 5 3 1 1
TLM 5 0 0.0 5 2.1 1 4 0 0
TMS 1 0 0.0 1 0.3 0 0 0 1
TSM 1 0 0.0 1 0.3 0 0 0 1

TMLS 1 0 0.0 1 0.3 0 0 1 0
TxAx 96 46 47.9 50 20.2 12 18 34 32
TMAS 39 24 61.5 15 5.5 0 0 20 19
TMAL 20 6 30.0 14 6.1 9 11 0 0
TLAM 10 3 30.0 7 2.8 3 7 0 0
TSAM 6 4 66.7 2 0.9 0 0 1 5

TMALS 7 4 57.1 3 0.9 0 0 6 1
TLAMS 2 0 0.0 2 1.2 0 0 1 1
TMASL 2 0 0.0 2 0.9 0 0 0 2
TMLAS 3 1 33.3 2 0.6 0 0 2 1
TSMAL 2 1 50.0 1 0.6 0 0 1 1
TMSAL 2 1 50.0 1 0.3 0 0 0 2
TLMAS 2 1 50.0 1 0.3 0 0 2 0
TLASM 1 1 100.0 0 0.0 0 0 1 0

uncategorized 26 2 7.7 24 12.3 2 6 3 15
TL 6 0 0.0 6 3.4 1 4 1 0

TAS 5 0 0.0 5 3.1 0 0 0 5
TSA 5 1 20.0 4 1.5 0 0 1 4
TS 3 0 0.0 3 1.8 0 0 0 3
TA 2 0 0.0 2 1.2 0 1 0 1

TSAL 2 1 50.0 1 0.3 0 0 0 2
TLA 1 0 0.0 1 0.3 1 0 0 0
TAL 1 0 0.0 1 0.3 0 1 0 0

TASL 1 0 0.0 1 0.3 0 0 1 0
Total 367 142 38.7 225 100.0 87 97 86 97

Note: Abbreviations used: H—hypsometric tints tasks, T—topography tasks, S—graphic scale tasks,
C—coordinate grid tasks. Grey rows combine all individual strategies from a given strategy type.
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The answers from the follow-up questionnaire showed a much narrower repertoire
than the data from the eye-tracking experiment (see Table 3). With one exception, partici-
pants stated only strategies involving the use of possible answers and, specifically, mainly
various strategies from the TMA and the TAM-type.

Table 3. Students’ perception of their strategy repertoire and distribution.

Strategy
Type/Strategy Total Frequency

Relative
Frequency (%)

Task Demand

H T S C
TMA 34 40.0 8 9 9 8

TMSA 11 12.9 0 0 6 5
TMA 7 8.2 4 2 0 1

TLMA 6 7.1 2 4 0 0
TMLA 5 5.9 2 3 0 0
TSMA 5 5.9 0 0 3 2
TAM 34 40.0 10 8 7 9

TAML 10 11.8 5 5 0 0
TAMS 9 10.6 0 0 5 4
TAM 8 9.4 5 0 1 2

TASM 4 4.7 0 0 1 3
TALM 3 3.5 0 3 0 0

TM 1 1.2 0 1 0 0
TLM 1 1.2 0 1 0 0
TxAx 15 17.6 3 4 4 4
TSAM 7 8.2 0 0 3 4
TLAM 6 7.1 3 2 1 0
TMAL 2 2.4 0 2 0 0

uncategorized 1 1.2 0 0 0 1
TSA 1 1.2 0 0 0 1
Total 85 100.0 21 22 20 22

Note: Abbreviations used: H—hypsometric tints tasks, T—topography tasks, S—graphic scale tasks,
C—coordinate grid tasks. Grey columns combine all individual strategies from a given strategy type.

3.2. How Is Each Strategy Used?

Exactly 367 cycles were extracted from 240 records. For the purpose of frequency
analysis, pairs of solving cycles in combinations were created (e.g., a combination of TM,
TMA, and TMLA strategies was rewritten as three pairs of strategies, i.e., TM and TMA,
TM and TMLA, and TMLA and TMA). The strategy types used the most overall were
TMA (40.6%) and TxAx (26.2%), followed by TAM (15.3%) and TM (10.9%). However, the
order of strategy types changed slightly when focusing on the strategy types used only in
combination (See Table 2).

When considering the most used combinations of strategy types, TMA type with
TMA type leads (Table 4). It is not surprising that TM-type strategies were mostly used in
combination with the TMA type as the TM strategy type can be referred as to an unfinished
TMA type strategy. Overall, the TM, TxAx and TAM strategy types were more frequently
used with the TMA type strategy than with any other.

Table 4. Relative structure of combinations of strategy types.

Strategy Type TMA TAM TM TxAx Uncategorized

TMA 23.3 10.4 14.1 13.5 5.5
TAM 10.4 7.4 4.3 6.1 6.1
TM 14.1 4.3 7.4 6.1 1.8

TxAx 13.5 6.1 6.1 9.8 4.9
uncategorized 5.5 6.1 1.8 4.9 6.1

Note: The table shows the structure of combinations (in % of all combinations used) for each strategy type (in
rows) with other types (in columns). The sum of all numbers equals 200% as pairs of strategies were used for
the calculation.
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The most used strategy overall was TMA with a frequency of 15.5% followed by
TMAS (10.6%) and TMLA (10.4%). Both the first and third most used strategies were out
of the type TMA, however the second most used strategy, TMAS, was from the TxAx
strategy type.

Even though 41% of the tasks were solved using more cycles consisting of more
strategies or repetition of one strategy, solving a task using only one cycle (i.e., indicated
by the absence of rereading the task assignment) was common. The average number of
cycles was 1.5. Exactly 16 participants used a single cycle in half or more tasks of the
experiment. The most single used strategies were from the TMA strategy type (49.0%) and
TxAx type (47.9%). Of these strategy types, the TMAS strategy was used the most followed
by TMLA and TMA. The data showed that strategies from TM type and uncategorized
strategies were among the least used when it came to solving the task without rereading
the task assignment.

Data from the follow-up questionnaire shows that students’ perceived strategies and
their frequency differ from the real strategies used during the test (See Table 3). Namely,
the perceived frequency of the TAM strategy type exceeded the real frequency of the TAM
strategy type. On the other hand, the frequency of the TM type and uncategorized was
higher during the test compared to the perceived ones. Similarly, the perceived individual
strategies stated the most are different from the real ones. The TMA and TAM strategies had
the highest usage during the test from their types, but the strategies stated the most in the
follow-up questionnaire out of TMA and TAM types were TMSA and TAML, respectively.

3.3. How Is Strategy Choice Adapted?

Even though the dominance of some strategy types was identified, the strategies and
their types were not evenly distributed throughout the experiment and thus changes in
participants’ chosen strategies were detected. The main reason for changing a solving
strategy was a task demand that was differentiated by the need to use different map
elements or parts of the map content specific to the general-reference maps (coordinate
grid, graphic scale, hypsometric tints, and topography). This assumption is consistent with
the recorded data as well as the follow-up questionnaire, where some of the participants
(30%) stated that their strategies changed when working with the different task demands.
According to other answers in the follow-up questionnaire, some participants changed their
strategies later in the experiment when they realized that knowing the possible answers
earlier is more efficient.

The TMA type was the most used strategy type (either alone or in combination with
other strategy types) during the tasks focused on hypsometric tints and topography (see
Table 2). On the other hand, in the tasks focused on graphic scale and coordinate grid, the
TxAx strategy type was used more frequently than the TMA type.

When working with additional map elements, participants introduced working with a
graphic scale or coordinate grid into the chosen strategy regardless of the strategy type. For
that reason, TMSA, TSMA, TAMS and TASM strategies were more frequently used than
the TMA or TAM strategy in the tasks focused on graphic scale and coordinate grid. The
use of strategies that contained all the elements (e.g., TMLSA, TALMS, TLAMS) was also
identified in tasks that required working with the map scale or coordinate grid.

The highest frequency of use of the legend was recorded in tasks focused on topog-
raphy (68). On the other hand, the lowest use of the legend occurred in coordinate grid
task demand (14). The tasks focused on the hypsometric tints and the graphic scale also
required less interaction with the legend than the topography tasks (H—38, S—31). In the
topography tasks, working with the legend was required by the task even though it was
not totally necessary in all cases to solve the task. A high number of legend use was not
recorded in the first task demand focused on hypsometric tints, which also fell into the
legend AOI (see Figure 2).

Uncategorized strategies were frequently used when participants worked with the
coordinate grid. This higher use is mainly the result of the task C1 (50%). Here participants
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did not need to use the map face at all to correctly solve it (see Table 1 with the list of task
assignments), and therefore they were able to solve the task using only the TAS or the TSA
strategy (S means using the coordinate grid in this task). But even in this scenario, only
two participants used it as the single strategy and solved the task without rereading the
assignment. More often they at least needed to use uncategorized strategies repeatedly
to solve the task or used them in combinations with strategies from one or more preset
strategy type.

The task demand is not the only thing that affected the used strategies. The task
formulation itself can also play a role in the chosen strategy for solvers. Participants more
likely used the graphic scale early in the strategy (TSMA, TLSMA, TSA, etc.) if the distance
was part of the task formulation. On the other hand, when they had to determine the
distance themselves, participants used the graphic scale later or as the last task element in
their chosen strategy (TMAS, TAMS, TMALS, etc.).

3.4. How Efficiently Is Each Strategy Executed?

Efficiency was evaluated by reviewing the accuracy and duration of the task-solving process.
The most successful tasks were those focused on the coordinate grid (see Table 5).

In contrast, the participants were the least successful when solving tasks focused on the
topography. Nevertheless, the difference is insubstantial and it can be said that all task
demands have a balanced success rate from the point of view of the test.

Table 5. Success rates of the strategy types and strategy types in combinations by task demand.

Strategy Types/Strategy
Types in Combination

Success Rate by Task Demand
Total Success Rate Number

of UseH T S C

TMA 0.78 0.75 0.78 0.83 0.78 84
TxAx 0.83 0.78 0.76 0.55 0.73 53
TAM 0.78 0.56 0.50 0.61 22

uncategorized 1.00 1.00 1.00 5
TM + TMA 0.17 0.67 0.67 1.00 0.63 16

TxAx + TMA 0.50 0.67 0.78 1.00 0.74 14
TM + TxAx 0.83 0.83 7

TMA + TAM 0.33 0.75 0.54 7
uncategorized + TxAx 1.00 0.75 0.88 7

TxAx + TAM 0.25 0.25 6
TM + TAM 1.00 0.50 0.75 6

uncategorized + TAM 1.00 1.00 3
uncategorized + TMA + TAM 0.50 0.50 3

average success rate 0.74 0.67 0.73 0.80 0.78 233
Abbreviations used: H—hypsometric tints tasks, T—topography tasks, S—graphic scale tasks, C—coordinate grid
tasks. Note: The success rate by task demand is indicated only in cases where strategy types and combinations of
strategy types occurred at least two times. The average success rate and total success rate are calculated for all
used strategies and combinations, including those used less than two times.

To evaluate the strategy efficiency from the accuracy perspective, the success rates
were assigned separately to the specific strategy type combinations used to solve a task and
to the solely used strategy types (i.e., tasks that were solved with the single cycle or multiple
cycles of the same strategy type; see Table 5). To avoid skewing the results, only strategies
and combinations of strategies that were used at least twice in the experiment were counted.
In general, the TMA strategy type had the highest success rate and it remains high across
all task demands. On the other hand, when the strategy type TMA was combined with
other strategy type(s), its success rate decreased in all tasks apart from the tasks focused
on the coordinate grid. Even though the success rate of the TAM type was similar to the
success rate of the TMA type, when combinations with other strategy types were absent
the average success rate of the TAM type was distinctly lower. The participants that used
the TAM type when solving tasks focused on the graphic scale and the coordinate grid
failed more often. Participants that used the TxAx strategy type were more successful than
those using the TMA type mainly in the hypsometry tasks and topography task demand.
This strategy type alone turned out to be less successful in tasks focused on the coordinate
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grid, but participants who used it in combinations with other strategies were substantially
more successful.

The highest average success rate out of combinations of strategy types was seen in the
uncategorized with the TAM type and the uncategorized with the TxAx type. Both of these
combinations were among the less used ones, with a usage of three times and seven times,
respectively. Overall, the average success rate of strategies that are considered unfinished
(TM and uncategorized) in combination with strategy/strategies from other strategy types
was higher than combinations of other strategy types. The only exception here was the
combination of TxAx and TMA types (see Table 5).

When analyzing the duration of individual strategies, the durations of each recorded
cycle and thus the strategy were measured. The average duration of one cycle was 26.4 s.
When it comes to average time spent solving the task, i.e., total time of all cycles used for
solving the task, the participants spent on average 40.6 s to solve a task. The time needed
to solve a task varied among different task demands and among different strategy types
used (Figure 3) even though the same map face was used for the whole experiment.
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Figure 3. The duration of strategy types by the task demand.

Participants solved the hypsometric tints task the fastest with an average duration
of 32.3 s. The students stated in the follow-up questionnaire that this task demand was
easy or moderately difficult and some added that they did not need to use the hypsometric
tints legend because they already knew the color scheme. The average solving duration
increased in the rest of the task demands.

Another important point of view provides the duration of each strategy type and their
relationship to the task demand (Figure 3). The solving process with the use of the TxAx
strategy type was longer on average than with the rest strategy types. On the contrary, time
spent using the TM strategy type and an uncategorized type was shorter than the rest of
the strategy types as they did not provide a complete solution and were mostly used in
combination (Table 2).

Figure 4 shows a metric combining task-solving duration and accuracy of task answers
for strategy types, i.e., a time-based efficiency [43]. A value of the time-based efficiency in
this case expresses the speed of task-solving by successful participants vs. all participants
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using a given strategy type or a combination of strategy types. Thus, a higher value
indicates a higher efficiency of a strategy type as more tasks can be successfully solved in a
set time using it. It is clear from the graph that combinations of different strategy types
frequently extended the solving duration.
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The task demand focused on hypsometric tints had a better average success rate and
took less time to solve when strategies from the same strategy type were used, i.e., was more
efficient (Figure 4). Moreover, more participants used this approach than combinations of
different strategy types in this task demand.

In topography tasks, the results did not show a distinct difference in time-based
efficiency between tasks solved by combinations of more strategy types and one strategy
type. However, combinations of more than two strategy types negatively affected the
task-solving efficiency.

Higher efficiency of using one strategy type showed in graphic scale task demand,
however, not as substantial as in the tasks focused on hypsometric tints. For instance,
the efficiency of the TAM strategy type in tasks focused on the graphic scale fell behind
combinations such as TM with TAM and TMA with TAM.

However, the combination of TM with TAM strategy type did not prove to be success-
ful in the coordinate grid tasks, where this combination showed to be the least efficient
(Figure 3). Contrary to that, the Figure 3 shows uncategorized strategies as the most effi-
cient for a coordinate grid task demands which is caused by a specifics of the task C1 (see
Table 1).

When it comes to comparison of the time-based efficiency of strategy types and their
combinations for all tasks, the highest values, apart from uncategorized strategies and its
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combination with TAM type, had TMA, TAM types and combination of TM with TxAx
type. In general, the use of a single strategy type was relatively more efficient than the use
of strategy type combinations and mainly the use of more than two different strategy types.

4. Discussion and Conclusions

This study follows up and builds on our previous research focused on strategies that
users of different ages and expertise choose for thematic map analysis [11,23,24]. Given that
one of these studies was also aimed at upper-secondary students [11], it is possible to compare
all four dimensions of strategies that students at the end of this educational level use for
analysis of thematic maps with those they use for analysis of general-reference maps.

4.1. Strategy Repertoire

The results showed that overall the repertoire of students’ strategies for solving
multiple choice tasks requiring analysis of a general-reference map is very similar in terms
of its broadness and the specific strategies it comprises when compared to the strategy
repertoire for thematic map analysis [11]. In this study, six fewer strategies were identified,
which may be due to the lower number of students tested (20 vs. 51) and thus does not
capture the full diversity of possible strategies. Nevertheless, these strategies were not
used frequently by students during the analysis of thematic maps. The one with the
highest frequency, TLMSA, was used in only 3.3% of solving cycles. In this study, strategies
not found in our previous studies were identified as well. However, these were mainly
strategies that did not fall into any of the four set strategy types, thus they were incomplete
strategies that are appropriate only for very specific tasks that do not require use of the
map face (e.g., TAS and TSA).

4.2. Strategy Distribution

Despite the general similarity of strategy repertoires for thematic and general-reference
maps, the distribution of both strategy types and specific strategies differs quite substan-
tially for these map types (cf. with [11]). When analyzing general-reference maps, the
participants did not use the strategies from the TM type as often (it was the least used type),
and instead they more frequently chose strategies from the TxAx type. It is most likely that
this difference is in close relation to a considerably lower average number of solving cycles
needed to solve the tasks (1.5 vs. 2.7 solving cycles). In the experiment focused on analysis
of thematic maps, participants often had to use supplementary solving cycle(s) that were
mainly targeted at becoming familiar with a map legend or a map face prior to focusing on
task solving or in the middle of task solving.

As these supplementary cycles consisting of TM-type strategies were not common in
this study, it is apparent that students have more experience with general-reference maps
from geography lessons. They are familiar with them, know commonly used cartographic
signs on them, and might even be more used to solving map analysis tasks with them (see
also [11]). The lower number of solving cycles needed might also be a result of the nature
of thematic maps, mainly those displaying quantitative data, where the use of a legend
is often unavoidable even though the map type is already known to its user. Therefore,
these two aspects outweighed the overall higher complexity and graphic map load of the
general-reference map used in this eye-tracking experiment.

Partially in contrast with previous studies are also the most used specific strategies.
The most frequently used strategy in general, TMA, and the one used in tasks solved in a
single cycle, TMAS, do not contain the legend. As the participants’ average success rate was
sufficiently high, the results confirm that upper-secondary students know the cartographic
mean of representation often used on general-reference maps. The third most frequently
used strategy in general, TMLA, once again supports this conclusion as the participants
did not pay attention to the legend until they found an unfamiliar cartographic sign during
the map face exploration. Whereas, during the analysis of thematic maps participants more
often paid attention to the legend prior to working with the map face.
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The most widely used strategy type, TMA, nevertheless stayed the same and was even
used with almost the same relative frequency (38.8% vs. 41.6%; [11]). A similar task layout,
as chosen for our experiment, is often used by teachers in lessons and in national tests as
well [44]. It is, therefore, likely that the identified strategy distribution in our studies well
reflects the students’ commonly used strategies.

4.3. Adaptiveness of Strategy Choice

Similarly to the results of the previous study focused on thematic map analysis [11],
the majority of the participating upper-secondary students showed expert-like behavior
from the perspective of adapting the strategy choice to the specific demands of the tasks
(cf. with [24]). Some participants (3) truly proved that they reason as experts when they
did not pay attention to the map face in one of the tasks as they are used to doing, but they
correctly decided that it did not contain relevant information for the given task solving. It
is apparent that at least some of the upper-secondary students think about the appropriate
strategy for a given task-solving prior to starting the solving process. In other words, they
are able to understand the deep structure of the task/problem and, based on the identified
task demand, they self-regulate their strategies [32,33].

Identically to the thematic map analysis [11,24], in the tasks requiring the use of
the map scale the TxAx type was used more often than for other task demands. This
strategy type was more frequently chosen even than the TMA type in this study. Thanks to
the design of the previous experiment [11] it can be excluded that the identified change
in strategy distribution is caused mainly by participants changing their strategy choice
during the test, and it can be concluded that it is most likely caused by a necessity to
combine information from more task elements, specifically map elements, than in other
task demands. The prevalence of the TxAx type was also identified in the tasks requiring
the use of the coordinate grid. It is thus apparent that whereas students are able to describe
the spatial pattern on thematic maps by means of cardinal points without looking at the
north arrow [11], the use of the coordinate grid on the general-reference map is essential
for this task demand.

The above-mentioned relatively scarce use of the legend during the task-solving
process was only less apparent in the tasks focused primarily on topography. Given that,
the participants were more familiar with the color gradient of the hypsometric tints than
with the cartographic signs for city population or waterfalls. This is consistent with how
these cartographic means of representations (can) differ across various general-reference
maps, which also influence how associative these cartographic signs are [31,45]. This result
should be of interest also to publishers of (Czech) school atlases. According to this study, it
is more necessary to provide students with a legend explaining the specific cartographic
signs used for city population, national parks, and other objects depicted than with a color
scale for terrain visualization. In the current version of the most widely used Czech school
atlas of the world [46], the situation is the opposite, as only the colors used for hypsometric
tints are displayed directly on the same page as each of the general-reference maps and the
legend for other cartographic signs is placed only on the atlas cover.

4.4. Strategy Efficiency

In contrast to previous studies [11,23], the learning effect is not apparent from this
study’s results. The participants did not gradually become more successful and faster
during the task solving. They even solved the first tasks in less time than the rest of the test.
As the first tasks required working with hypsometric tints, the results once again showed
how this terrain visualization is clear to students. Nevertheless, as the average success rate
did not differ substantially among task demands, it can generally be said that students are
able to analyze general-reference maps and geography teachers should take advantage of
this during the lessons.

Non-demonstration of the learning effect also confirms that students are more in-
fluenced by the task demand than by the map type when choosing and adapting strate-
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gies [11,38]. Therefore, despite using an identical map for all the test tasks and only
changing the specific (type of) information needed for its analysis, the strategy efficiency
did not gradually improve. This result can be of use to teachers as it shows, together with
the results of previous studies [9,11], that it is more appropriate to teach students individual
skills and efficient strategy/strategies for tasks requiring the use of these skills one by one
and by using various maps than to teach students how to use each map (type) separately
and all skills necessary for fulfilling the potential of this map (type).

In general, this study is in accordance with the previous study in the efficiency of
combinations of various strategy types. Similar to inefficiency of combinations of three
and more strategy types for analysis of thematic maps, for the analysis of general-reference
maps the combinations of two and more strategy types were often inefficient. The shift
in the number of combined types is given by the lower number of solving cycles needed
for general-reference map analysis. Given the identified inefficiency, it is likely that com-
binations of various strategy types are mainly used by less experienced students (i.e., by
novices) who do not know which strategy is appropriate to use or who do not know how
to solve the tasks but make an effort to find a solution. In contrast with other participants
with a lower average success rate due to not knowing how to solve a task, they imme-
diately pay attention to the possible answers given and choose the one that seems to be
the most probable. The lower accuracy of the TAM and TxAx types might be a result of
their task-solving behavior and might not mean that these strategy types are generally less
efficient for map-analysis tasks.

These two distinguished groups of less successful participants might also be why the
relation between the strategy type accuracy and its duration of execution was ambiguous,
as in the previous study [11].

4.5. Students’ Perception of Their Strategies

With the combination of two research methods, i.e., an eye-tracking experiment and a
follow-up questionnaire that partially played the role of a retrospective thinking aloud pro-
tocol, a comparison of participants’ used strategies and their perception of used strategies
was possible.

The data from the follow-up questionnaire (see the Supplementary Materials) indicated
that participants were probably unaware of many of the strategies that they used, i.e., of
the broadness of their repertoire. Moreover, some participants only stated strategies with
which it would be impossible or at least very challenging to solve the given task, e.g., TMA,
TAM, and TLAM for tasks requiring the use of a scale or a coordinate grid (AOIs marked
as “S” in our study). On the level of strategy types, the low frequency of the TxAx type
mentions in the questionnaire may be due to participants’ perception of their task-solving
process as smoother and more straightforward [39,41]. In reality, many of them often flitted
among task elements.

The difference between repertoires might be explained not only by the participants’ un-
conscious use of certain strategies but also by an unconscious adaptation of the commonly
used strategy [40,47,48]. This assumption would also explain the infrequent mentions of
the TxAx type in comparison with the frequency of its use. According to Svenson’s theory
of decision-making [21], we could conclude that a transition from the TMA to the TxAx
type during the test indicates that participants realized that the possible answers given
were a key source of relevant information for solving the task and that the answers should
not just be used for the final decision regarding which of the found solutions is the superior
one (i.e., matches the answers given).

From the questionnaire findings, it is apparent that gaining familiarity with possible
answers while gathering (relevant) information was frequently carried out unconsciously,
but only a few of the participants realized that this strategy type could be more efficient
for the task-solving. Nevertheless, based on the psychological theories [32,33], the use
of backward or clueing strategies, i.e., strategies in which learners solve tasks using the
answers offered, might not always be beneficial. Given that, learners using them often do
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not focus on the deep structure of the task solved and thus do not set a relevant sequence of
goals to be achieved for finding the correct solution [32,33]. Instead, they rely on generation
and testing of various hypotheses that are based on the offered possible answers, and many
of them might be irrelevant to the task being solved or may even inappropriately influence
learners’ problem perception [33].

The difference between actual and perceived dimensions of strategies and mainly
a lower level of thoroughness and precision of participants’ statements confirmed the
value of eye-tracking technology for learner strategy research that in the past was entirely
dependent on learners’ ability to express their thinking processes and was affected by
the questionable validity of learners’ responses [49,50]. Nevertheless, without another,
preferably qualitative, research method, it is challenging for researchers to interpret the
eye-tracking data and especially to understand why a particular learner chooses a given
strategy and if this choice is conscious and purposeful [41]. Moreover, the comparison of
actual and perceived strategies might be of use to researchers and educators aiming to
develop/improve students’ task-solving strategies.

For comparing the used and perceived strategies, not only a mixed methods design
of the study but also the choice of the theory-driven approach for strategy identification
was crucial. Given that, this approach enabled the task-solving process to be described
more generally than the data-driven approach. Thus, its nature was closer to participants’
perception of their solving process. When identifying strategies based on the data-driven
approach (see, e.g., [15,24,34,36]), the key characteristics of learners’ strategies might be lost
in the mass of unimportant details. These negligible differences, the amount of which is
raised by more time needed for solving cognitively demanding tasks, would also hinder the
use of existing algorithmic methods (e.g., string-edit-distance or MultiMatch of scanpaths)
for categorization of learners’ strategies [37,51].

4.6. Recommendations for Future Studies

Apart from the use of a mixed methods study design and consideration of theory-
driven approaches for strategy identification and comparison, it is possible to suggest other
recommendations for future studies based on our results.

The prevalence of the TMA type for solving tasks requiring map analysis might be, at
least partially, a result of the used task/stimuli layout (see Figure 2). As vertical processing
from top to bottom was frequently identified as common in various user studies [26,52,53],
the sequence of task-solving process from the task assignment, map face to possible answers
might favor the TMA type. It should therefore be verified in future studies if the strategies
falling into the TMA type would remain the most frequently used when various task layouts
would be applied, e.g., possible answers displayed directly under the task assignment.

Similarly, future studies should verify our interpretation of the relatively scarce use of
the map legend. Students might not be sufficiently familiar with the cartographic means of
representation used on general-reference maps, but they might use other specific strategies
to find a correct answer. For example, when the task assignment informs students not only
which type(s) of objects (e.g., towns, national parks, and rivers) they should focus on but
also the name of the specific object(s), they may search the map face for the respective label
(name) independently of which cartographic sign is used for the given object type.

In general, the results of this study revealed that even slight changes in the task
assignment can caused a change in the concrete prevailingly used strategy. Therefore,
instead of focusing on overall characterization of students’ map-analysis strategies, it is
possible to specifically aim for an in-depth understanding of the strategies students choose
when the tasks require the use of coordinate grids and how this choice is influenced by the
information given and their order in the task assignment.

On the one hand, the multiple choice task format enables identification of higher
variability of students’ strategies for solving tasks requiring the use of maps. On the other
hand, this task format may falsely show a higher success rate, thus hiding some of the
students’ bottlenecks during the map use. They might use a backward, clueing or guessing
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strategy or may retry finding the correct solution, and thus rethink their strategy, when the
first found answer is not one of the provided options. This possible use of testwiseness,
therefore, must be taken into account when interpreting the participants’ successfulness and
task difficulty. Given this, future research should also pay attention to students’ strategies
used for solving open-ended tasks requiring spatial pattern recognition and comparison
(i.e., map analysis). Moreover, this research focus would enable a valuable comparison of
different task formats and confirmation/refutation of the hypothesis that during multiple
choice tasks, students more frequently verify the correctness of their answers, i.e., use
self-checking strategies.

For easier application of the research results regarding students’ strategies to educa-
tional practice, it would also be useful to identify, apart from the appropriate distribution,
adaptiveness, and efficiency of general strategy types, these dimensions for each specific
strategy. To reach this goal, both large participant samples and a very narrow focus of
the studies is needed, thus eliminating the influence of all but one or two independent
variables at most. The evaluation of strategy, and even strategy type, efficiency is also
difficult because of the frequent combination of strategies/strategy types when cognitively
demanding tasks are being solved. To sufficiently describe this strategy dimension, the
experiment would have to be, for example, based on developing a given strategy in a group
of participants and then ordering them to use it to solve the tasks (for more details see,
e.g., [30,35,54]).

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijgi11020138/s1, File S1: Questionnaire used in the experiment.
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