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Investigating Web Mapping’s Contribution to Students’ 
Learning of Geographical Thinking

Research on the use of online maps in geography education underlines their potential to foster geographic thinking. 
However, the role of interactivity in this process has not been considered in educational settings. To address this issue, 
the contribution of web mapping to students’ taxonomy is investigated. Our methodology combines analysis of student 
productions, mouse tracking, spatiotemporal clustering, statistical modeling, and focus groups. The data collection was 
carried out in three stages in a class of 20 students aged 14–15 years, using three online mapping interfaces with similar 
interactive features. Students’ productions were evaluated using scores based on criteria constructed from Bloom’s revised 
taxonomy to analyze their learning. Students’ scores were compared to the way they interacted with the online maps. 
Results show how students master the tool over time. Temporal and spatial patterns of interactive behavior, and their 
impact on learning, were evident. Several of the cartographic interactions that we studied—such as spatial navigation 
and the display layer of attributes—had a positive impact on student learning when used moderately and intermittently, 
whereas juxtaposition only contributed positively when used occasionally. Focus group analysis complemented and con-
textualized our results by highlighting other factors such as students’ emotions and their issues in interpreting the maps. 
As a result, we consider this exploratory research to provide an appropriate and useful methodological combination for 
further research into how digital tools contribute to learning.

KEYWORDS :  web mapping; interactivity; geovisualization; learning; geography education; statistical learning; geograph-
ical thinking; mouse and map tracking

I N T R O D U C T I O N
Geospatial technologies (GSTs), such as online 
mapping, are now widely available in various media (tab-
lets, computers, smartphones) and are used in many con-
texts with practices resulting from the development of 
Geoweb 2.0 (Mericskay 2016). The growing number of 
resources for consulting and producing geographic in-
formation online reinforces the need to educate students 
on issues related to map interpretation and geographical 
thinking.

Web mapping is one of a number of digital technologies 
that are transforming teaching and learning practices in 
the school environment, though the progress of this dig-
ital transformation varies depending on the country and 
the institutional constraints. Research on the imple-
mentation of digital mapping (GIS or web mapping) in 

schools highlights the potential of these tools to support 
the learning of geographical thinking by suggesting ap-
propriate uses and underlining the role of context (De 
Miguel González and De Lázaro Torres 2020; Favier and 
van der Schee 2014; Jadallah et al. 2017; Jo et al. 2016). 
However, studies on the use of GSTs in geography educa-
tion (from elementary school to university) do not address 
in depth how interactivity might influence the learning of 
geographical thinking. And yet, the interactivity of these 
digital tools is one of the key features that may influence 
the learning process.

Interactivity in geovisualization refers to the different 
ways of presenting information to a user within an inter-
face, in response to that user’s choices (Crampton 2002; 
Edsall et al. 2009). According to Roth (2012), cartographic 
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interaction refers to the dialogue between a user and a web 
map through a computing device.

Interactivity is a key parameter which conditions learn-
ing by allowing users to explore, analyze, and synthe-
size (MacEachren 2004). It enables students to grasp the 
complexity of geographical phenomena, and contributes 
to knowledge generation and decision-making by encour-
aging thinking based on the creation and confrontation 
of hypotheses with the help of visualization (Çöltekin et 
al. 2018; MacEachren et al. 2004). In the research field 
of geovisualization, interactivity has long been a focus 
of study (Andrienko et al. 2010; Çöltekin et al. 2018; 
Çöltekin et al. 2017; Crampton 2002; Krygier et al. 1997; 
Roth 2012) and its impact on cartographic interpretation 
and knowledge construction remains a central research 
issue requiring further investigation (Roth et al. 2017). 
But, to our knowledge, no research has focused on the 
school context. As a result, the case study we present here 
investigates the following research question: How might 
web mapping contribute to the learning of geographical 
thinking through interactivity?

One of the concerns related to the implementation of these 
interactive tools, which has been identified as an obstacle 

both in the literature and by teachers, is technical mastery: 
efficient use of the interactivity of online maps requires 
technical skills. Although many studies have demonstrat-
ed the potential of these tools at school, the changing in-
fluence of this parameter over time needs to be analyzed. 
Our two research hypotheses, which take this into consid-
eration, are:

•	 H1. The technical ability required to use online map-
ping tools does not hinder student learning progress.

•	 H2. Interactivity contributes to students’ geograph-
ical thinking by fostering the mobilization of higher 
cognitive processes.

In this article, we investigate our research question and 
hypotheses through a combination of mouse and map 
tracking, analysis of students’ productions, and focus 
groups. Our aim is to illustrate how the use of different 
types of interactions is not a hindrance to learning, but is 
in fact likely to contribute to the learning of geographi-
cal thinking through map interpretation. We also explore 
how these interactions mobilize different cognitive pro-
cesses and types of knowledge, as defined by Bloom’s re-
vised taxonomy.

G E O S PAT I A L  T E C H N O LO G I ES  A N D  G E O G R A P H Y  E D U C AT I O N
The introduction and deployment of geospa-
tial technologies—including virtual globes, remote sens-
ing, and WebGIS—in geography education is driving 
changes in teaching and learning practices (De Miguel 
González and De Lázaro Torres 2020; Favier and van der 
Schee 2014). Geospatial technologies provide a new way 
of addressing geographic issues while working on stu-
dents’ spatial skills and geographic knowledge (De Miguel 
González et al. 2019). The use of WebGIS in place of 
desktop GIS has reinforced this trend (Kerski and Baker 
2019). Empirical studies claim that the features and func-
tions of these geospatial technologies meet the needs of 
the investigative and problem-solving approaches that 
are increasingly popular and widespread in education. In 
addition, such geomedia contribute to student motiva-
tion and interest while fostering spatial skills and geo-
graphical thinking (De Miguel González and De Lázaro 
Torres 2020; Jadallah et al. 2017; Jo et al. 2016; National 
Research Council 2006). Geospatial technologies can also 
play a significant role in learning and teaching during 

fieldwork, while supporting group work and thus peer 
learning (Holloway et al. 2021).

Originally available as desktop software, GSTs are now 
also accessible on smartphones and tablets. These applica-
tions are used for field trips in the earth sciences (Fletcher 
et al. 2022; Lundmark et al. 2020), as well as projects in 
human geography, such as the collection of data for narra-
tive mapping (Holloway et al. 2021). However, GST usage 
itself does not contribute to learning. To achieve this, the 
use of GSTs must be paired with geographic knowledge 
mobilization activities (Metoyer and Bednarz 2017). It 
should also be noted that these tools are not the only way 
to learn spatial skills and spatial reasoning (Jadallah et al. 
2017).

Despite the advantages of GSTs (accessibility, multi-de-
vice use, adaptability to educational approaches, inter-
face flexibility, user-friendliness) several limits may hin-
der GST use and require consideration. The technical 
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ability of students and instructors to handle these tech-
nologies remains a persistent constraint, despite the use of 
less-technical WebGIS instead of desktop GIS. Teachers 
and learners can also be reluctant to use GSTs. Some of 
them are not inclined to change their current habits due 
not only to potential difficulties in handling these digital 
tools but also to their own negative preconceptions.1 The 
training time required for teachers and students to famil-
iarize themselves with these tools may be a hindrance to 
their implementation, efficient use during activities, and 
student learning. Our observation in classrooms and with 
(future) teachers, as well as the literature, confirm these 
limitations (De Miguel González and De Lázaro Torres 
2020; Holloway et al. 2021; Hong 2017; Walshe 2017).

Research in geography education highlights the poten-
tial of tools such as virtual globes and online GIS to sup-
port learning geographical thinking (Baker et al. 2015; 
Kerski and Baker 2019; National Research Council 2006; 
Schulze 2021), but most of these studies have been carried 
out with university students (Holloway et al. 2021). There 
are also research initiatives at the secondary school (De 
Miguel González and De Lázaro Torres 2020) and high 
school levels (Healy and Walshe 2020). However, few 
studies are devoted to elementary schools (Jadallah et al. 
2017) or to teacher education (Walshe 2017).

1.  They may believe that Wi-Fi performance in their schools is not sufficient for using digital tools, or that planning digital activities will be too time-consuming.

In these studies dedicated to geography education, GSTs 
are used within the fields of human and physical geog-
raphy. They use a range of research designs and meth-
odologies, including surveys, criterion-based production 
analysis such as the Learning Progression Model from 
De Miguel González and De Lázaro Torres (2020) and 
spatial ability tests: Spatial Thinking Ability Test (Jo et 
al. 2016) from Lee and Bednarz (2012), Cognitive Ability 
Test (Jadallah et al. 2017), spatial visualization and ori-
entation skills and spatial relations content (Metoyer and 
Bednarz 2017). Focus groups are also employed to under-
line the contribution of these tools to geographical think-
ing. Nevertheless, these studies do not take into consid-
eration the potential involvement of interactivity, despite 
it constituting a fundamental feature of the investigated 
tools such as WebGIS.

Roth (2013) highlights the need for further investigation 
of the contribution of interactivity to the visualization of 
geographic information and by implication to knowledge 
construction. Yet, to date, the role of interactivity on stu-
dent learning has not been the subject of research in geo-
visualization. Therefore, in this article, we intend to exam-
ine the impact of interactivity on teaching geography in a 
secondary school (i.e., students aged between 12 and 15).

G E O G R A P H I C A L  T H I N K I N G  &  M A P  I N T E R P R E TAT I O N  TA XO N O MY
Geographical thinking relies on spatial 
thinking (Metoyer and Bednarz 2017). Spatial thinking 
is a combination of three cognitive skills: using tools of 
representation, knowing concepts of space, and apply-
ing processes of complex reasoning (National Research 
Council 2006). Geographical thinking involves geograph-
ical knowledge related to the concept of space and is exer-
cised, with the help of spatial thinking, to solve geograph-
ical problems (Metoyer and Bednarz 2017). Geographical 
thinking can, for example, consist in identifying and ex-
plaining a spatial distribution by linking it to social and 
economic factors.

Learning is defined here as a process and a product which 
combines mediation and cognition. Cognition refers to 
all intellectual information processing activities and their 
products (Vienneau 2017) including “internal mental 

structures and processes involved in perception, attention, 
thinking and reasoning, learning, memory, and linguistic 
and nonlinguistic communication” (Montello 2009, 1824). 
Learning is also characterized by interactions between 
the learner and their environment which are mediated by 
tools or humans and are supported by cognition. As a re-
sult, mediation refers to the action of a tool or a human 
in the process of learning (Vienneau 2017). In this study, 
the learning of geographical thinking is evaluated during 
the process of map interpretation. From our perspective, 
map interpretation is a cognitive process in which the map 
has a mediation role during learning. Map interpretation 
is related to the features of both the map and the reader. 
A number of parameters may influence this process, such 
as semiotics, the projection system, perception and visual-
ization, the reader’s cognitive abilities, and their emotions 
(Montello et al. 2018).
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In order to investigate learning in this context, we em-
ployed a map interpretation taxonomy (Bachmann 
2020) based on Bloom’s revised taxonomy (Anderson 
and Krathwohl 2001). Originating from the field of ed-
ucational sciences, Bloom’s revised taxonomy is used not 
only in research frameworks (De Miguel González and 
De Lázaro Torres 2020; Favier and van der Schee 2014; 
Schulze 2021) but also by teachers to evaluate and build 
students’ learning. The use of Bloom’s revised taxonomy 
was also inspired in part by Saint-Marc et al. (2017). They 
present the results of an experiment where mouse tracking 
is used and discuss the contextualization of their findings 
by employing cognitive processes identified in Bloom’s 
revised taxonomy. This approach has been adapted to the 
needs of the current study, which consists in investigating 
the role of interactivity on learning with the help of a map, 
with mouse and map tracking being employed here to ex-
amine interactivity.

Figure 1. Map interpretation taxonomy adapted from Bachmann (2020, 38).

Criterion

C1: The student masters cartographic language.

C2: The student retrieves relevant information from the map.

C3: The student coherently links information from the map.

C4: The student problematizes information and relations 
generated from map interpretation by mobilizing his/her 
knowledge in a relevant and coherent way.

C5: The student identifies his or her difficulties in completing 
the task and how easy it was.

Table 1. Taxonomic score criteria.
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We employed a map interpretation taxonomy to build ac-
tivities and assess student performances. The definition of 
the levels of knowledge and cognitive processes mobilized 
during map interpretation are detailed in the Appendix 
(see Figure 1). Four components, in particular, stand out as 
related to map interpretation ability: master cartographic 
language, obtain information, connect, and problematize.

Each of these components was then transformed into a 
criterion (see Table 1) to analyze the students’ productions 
and assign a taxonomic score. As shown in Figure 2, these 
criteria are based on different levels of knowledge and 

cognitive processes. As a result, each question answered 
by the students allowed us to assess their mobilization of 
one or more levels of knowledge and cognitive processes 
defined in the map interpretation taxonomy. In summary, 
this taxonomy allows us to analyze the contribution of in-
teractive cartographic features, i.e., the interactivity of the 
online maps used by the students, on the learning achieved 
according to the mobilization of cognitive processes and 
knowledge levels. For feasibility purposes in terms of data 
collection and analysis, metacognition was isolated and 
studied using a separate questionnaire after each activity.

Figure 2. Taxonomic scores, based on Bachmann (2020, 38).



Cartographic Perspectives, Number 107, 2025 Investigating Web Mapping's Contribution to Students’ Learning. . .  –  Bachmann & Kaiser  | 33 

M E T H O D O LO GY
In this section, we discuss the research design, 
data collection, and transformation of tracking data. 
Figure 3 summarizes all the procedures implemented and 
the materials collected: data on mouse cursor and map 
movements, students’ productions, and focus groups.

RESEARCH DESIGN AND DATA COLLECTION

At the time of data collection, the use of digital technol-
ogy, and in particular web mapping in the classroom, was 
uncommon in the teacher’s school with which we part-
nered. The implementation of such geomedia in schools in 
general was in its early stages in the Canton of Vaud, in 
the French-speaking region of Lake Leman, Switzerland, 
where the school was located. However, our partner teach-
er, also a teacher educator, had a strong interest in set-
ting up innovative ways of learning which differed from 

usual practices. He was involved in both economics and 
geography education in his school, supporting a cross-dis-
ciplinary approach in his teaching to highlight links be-
tween these disciplines while maintaining the stipulated 
curriculum.

The students in this study were between the ages of 14 
and 15. They had been taught geography since elementary 
school and also as part of their secondary education. These 
students came from different classes and met together to 
study economics. As such, our sample (n = 20) included 
students who had experienced various teaching practices. 
They were using an online map for the first time in a class-
room setting.

This class met several times a week in the fall and spring. 
This made it possible to collect data on several occasions 

Figure 3. Data Collection Processing and Analysis Steps
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and study how technical ability, and the effects of inter-
activity on learning geographical thinking, changed over 
time. We worked with this class while emphasizing geo-
graphical thinking in the activities and incorporating eco-
nomics concepts. The data collection took place over three 
different activities between November 2020 and April 
2021. The first activity focused on global trade, the sec-
ond on Silicon Valley, and the last on commodity trading 
in Switzerland. Forty-five minutes (maximum fifty) were 
allocated to each activity. During these activities, stu-
dents conducted an inquiry based on the above-mentioned 
themes. This investigation was based on questions to 
which the student provided answers using indicators and 
layers provided through an online map (Figure 4 shows an 
example).

Each of these questions was based on a taxonomic score 
(see Figure 2). Students’ responses were then evaluated 
according to the criteria presented in Table 1. The meta-
cognition score (C5) was collected separately. Students 
filled out a survey after each activity, with questions fo-
cused on their reflexivity about their learning. This refers 

to their ability to identify their difficulties and their ability 
to carry out the activities critically and objectively, as well 
as their ability to implement strategies to overcome their 
challenges. The right side of Figure 4 shows the relation-
ship between the questions and the taxonomic scores cir-
cled in red (C1, C2, C3, C4).

The sample activity shown in Figure 4 involved investi-
gating features of Silicon Valley to discover why compa-
nies active in new technologies are located there. To this 
end, students could consult provided indicators (maps and 
histograms) for the year 2019 (average household income, 
employment in the information sector, employment in sci-
entific and technical services, population with a bachelor’s 
degree or higher) as well as layers on the Big Five tech 
firms, California universities, and the list of Silicon Valley 
counties. A neutral base map and an aerial view were 
available to the students.

All of these activities were carried out using a web map-
ping website specif ically developed for this research. 
Each activity uses the same interface, with an identical 

Figure 4. Silicon Valley web map.
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cartographic background and interactive functionalities, 
as well as a set of questions built using the map interpre-
tation taxonomy. Between the three activities, only the 
indicators and maps differed. These were produced ac-
cording to themes chosen by the teacher. Various kinds 
of cartographic representations (choropleths, proportional 
symbols, colored proportional symbols) were implement-
ed and evaluated by the students. Histograms and line 
graphs were also included. Different interactive graphical 
features were implemented to evaluate the contribution of 
these maps to the students’ learning. The choice of these 
features was inspired by our own practice and experience, 
and can be theorized using previous work by Roth (2012) 
and Crampton (2002). Table 2 presents interactivity and 
interactions in all the three activities.

Two main issues had to be addressed during data collec-
tion: teaching and research adequacy, as well as uncertain-
ty brought by the pandemic context. Firstly, data collec-
tion had to be carried out in the context of the teacher’s 
program. Web maps were therefore developed to include 
specific cartographic indicators linked to teaching sub-
jects. Secondly, only the teacher and the researcher were 
present during the activities with the students. It was thus 

impossible to collect and supervise specific time-limited 
tasks as a classical laboratory setting. Furthermore, the 
aim was to obtain data that reflected the school environ-
ment and constraints.

MOUSE & MAP TRACKING COLLECTION 
AND TRANSFORMATION

To keep track of the students’ interactions with these on-
line maps, mouse tracking and map tracking were inte-
grated into the online mapping site. For the last fifteen 
years, researchers in psychology and cognitive science 
have been using this technique to investigate the cogni-
tive processes at work during an action involving signif-
icant contributions. Among other things, this method 
has been used to explore judgment and decision-making, 
social cognition, and language processing (Kieslich et al. 
2019; Schoemann et al. 2021; Stillman et al. 2018; Wulff 
et al. 2019). The association between cognition and mouse 
tracking is derived from the assumption that cognitive 
processes determine the motor activity and consequently 
the movements of the mouse (Hehman et al. 2015; Spivey 
and Dale 2006).

KIND OF INTERACTIVITY
INTERACTION INDICATORS
(present in all three activities)

FEATURES

Interaction with the data 
representation

spatial navigation
move on the map without modifying the perimeter and display 
the attributes of the indicator by mouseover

spatial navigation zoom zoom on the map

spatial navigation move change of map perimeter

display layer attribute displaying the attributes of an indicator (map or chart)

edit layout change the display of the data representation

Interaction with data
highlight data highlighting

load data data selection and loading

Contextual interaction

juxtaposition
juxtaposition of layers or several indicators on the same or 
different map or via a chart

exploration
display of the instruction, the tutorial, navigation outside the 
map and chart containers

Table 2. Interactivity and interactions implemented on the website.
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We also implemented map tracking, which is the collec-
tion of coordinates recording the user’s interactions with 
the map. This method of data collection is sometimes 
used in geovisualization (McArdle et al. 2015). However, 
eye tracking is a more widespread method than the com-
bination of mouse tracking and map tracking to investi-
gate how maps and interaction contribute to knowledge 
building and decision making (Çöltekin et al. 2010; 
Golebiowska et al. 2020; Ooms et al. 2014). Mouse track-
ing is sometimes employed as a complement to eye track-
ing to obtain additional information, but rarely by itself. 
These combinations of monitoring methods are main-
ly used in the context of evaluation and design of carto-
graphic interfaces (Çöltekin et al. 2009; Ooms et al. 2015; 
Manson et al. 2012). Compared to map tracking, mouse 
tracking does not seem to have been widely used in geo-
visualization, but it provides some interesting information 
on how users interact with web maps.

Mouse and map tracking data were processed with spa-
tio-temporal clustering (STC), which is used in spatial 
data mining to regroup data with similar location and 
temporal patterns. This process can highlight trends or 
patterns in databases with geographical coordinates—usu-
ally longitude and latitude. The cluster analysis used in 
this study was an unsupervised procedure that did not re-
quire a priori understanding (Ansari et al. 2020). Despite 

the wide application of STC in the real world (Ansari et 
al. 2020), it has not, to our knowledge, been used to study 
digital media in schools.

Based on the nature of the data collected (mouse track-
ing and map tracking), event clustering was chosen. Event 
clustering allows the detection of similar groups of points, 
according to their spatial and temporal features, and even 
other features (Kisilevich et al. 2010). The ST-OPTICS 
method (Ankerst et al. 1999) was employed for its ability 
to detect clusters of varying density. Working with spa-
tio-temporal data requires several steps before and after 
the clustering. First, data needs pre-processing to ensure 
validity and completeness. Then data mining, such as ex-
ploratory data analysis, is used to calibrate the algorithm 
(minimum sample and temporal interval). Approximately 
two million mouse movements and map events were col-
lected. This sample was processed to identify all the dif-
ferent interactions. Then, spatio-temporal clustering was 
applied to eliminate noise and reveal clusters of points, 
which allowed us to discover interactivity behavior pat-
terns as students interpreted the digital map. These trans-
formations and selections resulted in a sample size of one 
million records. This large amount of data was trans-
formed into one dataset with every student and activity (n 
= 57) and their use of interactivity.

R ES U LT S
The first part of our results relies on statis-
tical analyses. In this section we examine the relationships 
between interactions and taxonomy scores to assess the 
role of key parameters of our two hypotheses—technical 
ability and interactivity—and the evolution of their in-
fluence on the learning of geographical thinking over the 
three activities. We begin by describing the evolution of 
these variables over the three activities, followed by an 
investigation of the relationships between these variables 
using PCA and bivariate analysis. Then the results of the 
statistical analyses are complemented with data from focus 
groups.

STATISTICAL ANALYSES OF INTERACTIONS 
AND TAXONOMIC SCORES

The following data shows the evolution of all the scores 
and interactions. Around one million interactions were 

analyzed. Based on the tracking recorder logs, a signifi-
cant decrease of interactions (-96.6%) happened between 
the first (~576,000 logs) and the last (~18,000 logs) activi-
ty. Unsurprisingly, spatial navigation (41.97%) and display 
layer attributes (18.43%) were the most commonly em-
ployed interactions, as students were required to explore 
and interpret the map data to perform their tasks. Table 3 
shows the interaction logs. As we will see later on in the 
statistical analysis (PCA and bivariate), interaction con-
tribution to learning was not related to the mobilization 
percentages.

In each activity, students answered similar questions 
that focused on the same components of map interpre-
tation (see Figure 2) and they were assessed with the 
same criteria (see Table 1). Mastery of cartographic lan-
guage (C1_score) and information extraction (C2_score) 
were the least challenging for students, in contrast to 
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metacognition (C5_score), analysis (C3_score), and prob-
lematization (C4_score). Between the first and the sec-
ond activity, all taxonomic scores increased. Analysis and 
problematization improved between the second and last 
activity. In summary, across all activities, the components 
of map interpretation that were most difficult for students 
(connect and problematize) displayed the largest average 
score increases (+2 and +2.38 points respectively). These 
results show that the students improved their mobilization 
of higher cognitive processes during the three activities, as 
suggested by one of our hypotheses. The next step in the 

analysis was to identify the interactions that may promote 
the mobilization of these cognitive processes. The com-
parison and modeling of total interactions and scores per 
activity per student (Figure 5) reveals homogenization in 
terms of mobilization of interactivity. This trend is paired 
along with an interaction decrease and an increase in total 
score. It might be explained by a learning effect related to 
repeated similar activities. This highlights to some extent 
the importance of tool mastery and it reveals, by exten-
sion, the presence of technical ability.

Interaction Juxtaposition
Edit 

layout

Spatial
Navigation

zoom
Highlight Load data

Spatial 
Navigation 

Move
Exploration

Display 
Layer 

Attributes

Spatial 
Navigation

Percent 1.30 1.31 1.78 5.26 5.56 8.06 16.33 18.43 41.97

Figure 5. Interaction selection and taxonomic scores.

Table 3. Interaction logs.
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We used principal component analysis (PCA) to exam-
ine the relationships between scores and interactions in 
depth. The goal here was to further discover the influence 
of interactivity on learning geographical thinking. PCA 
distinguished three factors related to students’ interactive 
behaviors and learning using the interactive variables and 
taxonomy scores. These three factors summarized around 
78% of the information in our sample. The examination 
of the correlation matrix in Figure 6 reveals the following 
factors:

1.	 Technical ability (45%) illustrates an effective 
use of the interactive features of the web mapping 
interface, with a positive contribution to learn-
ing. The positive values of the interactive vari-
ables (except juxtaposition and spatial navigation 
zoom) are opposed to the negative values of the 
scores. Therefore, the higher the use of the various 
interface features, the lower the taxonomic scores 
obtained.

2.	 Investigation and comparison (21%) is associated 
with searching, comparing, and linking informa-
tion behavior. It is related to the following inter-
action indicators: the high mobilization of spatial 
navigation zoom and juxtaposition, and the slight 
use of highlight. These indicators had a moderate 
impact on several taxonomic scores: master carto-
graphic language (C1), obtain information (C2), 
and connect (C3).

3.	 Synthesis ability (12%). This factor shows the in-
fluence of students’ connecting and problematiza-
tion abilities on the use of most of the interactive 

features. Juxtaposition and spatial navigation zoom 
(the important variables of the second factor) are 
not included. As a result, it would appear that 
students with better analytical and synthesis skills 
use certain interactive features that allow them to 
link the characteristics of the cartographic indica-
tors: spatial navigation, display layer attribute, and 
highlight.

The PCA results support the previously observed role of 
technical ability in modeling interactions and taxonomic 
scores. It also suggests that the contribution of interactiv-
ity to learning is likely to be related not only to the mo-
bilization of one or more kinds of interactivity (featured 
in Table 2), but also to associations between these kinds. 
In addition, this PCA reveals the significant influence of 
the following interactive variables and taxonomic scores: 
spatial navigation, spatial navigation zoom, juxtaposition; 
connect (C3 score) and problematize (C4 score).

To study the changing role of technical skill, the related 
PCA factor was transformed into a variable, in order to 
analyze its influence over all taxonomic scores during the 
three activities, using bivariate modeling. Observing the 
evolution of the overall points in these three activities rep-
resenting total scores and factor 1 (technical ability) indi-
cates a distribution reduction in their perimeter over the 
activities (see Figure 7).

This probably ref lects a dynamic of homogenization of 
behaviors over time: i.e., the adoption of interactive prac-
tices that lead to an increase in taxonomy scores that are 
more or less marked depending on the students. Modeling 
of PCA factor 1, technical ability, indicates a strong 

Figure 6. PCA correlation matrix.
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Figure 7. Non-linear regression of technical ability and taxonomic total score.

Figure 8. Linear regressions of technical ability and taxonomic total score per activity.
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correlation (R2) of 0.71. The distribution points out that 
a high mobilization of interactivity does not equal a high 
taxonomy score.

Separate modeling of the points from each activity indi-
cates a decrease in the dispersion of the data with subse-
quent activities (see standard errors in Figure 8), as well as 
a clear reduction in the influence of technical skill on the 
taxonomic total score. This decrease is underlined by the 
values of the slopes of the linear regressions. In the first 
activity, we observe a significant dispersion. In the second 
activity, we observe the appearance of a significant nega-
tive correlation between the technical skill and the scores. 
Finally, in the third activity, the influence of the technical 
ability on the taxonomic total score decreases significantly.

Regarding problematization and connection taxonomic 
scores, the statistical correlation (linear regression) with 
technical ability is significant (R2 of 0.71 and 0.52 respec-
tively). All other taxonomic scores indicate a moderate 
R-squared correlation (~0.44). Therefore, the more a task 
mobilizes demanding cognitive processes and higher lev-
els of knowledge, the more technical ability plays a pre-
ponderant role. However, as for the total taxonomic score, 
the same trend of reduction of this parameter’s influence 
during the three activities is observed on the bivariate 
modeling of the taxonomic scores.

These results illustrate the evolving influence of technical 
ability on learning and partially confirm our first hypoth-
esis (H1). At first, this parameter has some importance 
in the progression of learning, but its influence decreases 
considerably and disappears by the last activity. This find-
ing indicates that technical ability to use an interactive 
map does not hinder student learning in our experiment.

The following analysis focuses on the second hypothesis 
(H2). It involves examining the role of interactivity in the 
mobilization of higher cognitive processes. Initially, we 
investigated all interactions mentioned in Table 2 to iden-
tify which may contribute to learning through taxonom-
ic scores. As Table 4 shows, bivariate analysis (p-value < 
0.05) reveals that the following interactions could have a 
moderate impact on the mobilization of higher cognitive 
processes, in order of importance and frequency: spatial 
navigation, juxtaposition, and display layer attribute. The se-
lection of these interactions is conditioned to a value of the 
correlation rate higher than 35% in at least one model.

The next step in the analysis is to examine the mobilization 
of these interactions in time and space. In other words, it 
is a question of more precisely locating the parts of the in-
terface that are mobilized and at what time and frequency. 
To conduct this analysis, we separated the interactions for 
each of the activities into time windows of 5 minutes each, 

and applied a separate PCA to 
each of the interaction types 
with the time intervals as vari-
ables (these PCAs are referred 
to as temporal PCAs in the re-
mainder of this text). The anal-
ysis was done simultaneously on 
all three activities, with the time 
starting at zero for each activi-
ty. Students had, at maximum, 
50 minutes of time to complete 
each activity. The results of 
these analyses depict different 
behavioral profiles of the techni-
cal ability factor revealed during 
the initial PCA. The temporal 
PCAs of four of these interac-
tions—spatial navigation, display 
layer attribute, spatial navigation 
move, and highlight—suggest 
that when they are mobilized 
in a moderate and intermittent 

Endogenous Exogenous
Degree of 
Regression

Coefficient(s) R2

total score spatial navigation 2 -1.54, 1.29 0.49

total score display layer attributes 2 -1.5012, 1.4259 0.37

total score juxtaposition 1 -0.1818 0.36

total score edit layout 3 -2.77, 7.8, -5.54 0.34

C4 score juxtaposition 1 -0.25 0.39

C5 score display layer attributes 2 -1.62, 1.45 0.37

C3 score spatial navigation 3 -1.91, 1.78 0.37

C4 score spatial navigation 2 -1.96, 1.73 0.37

C2 score spatial navigation 2 -1.52, 1.32 0.35

Table 4. Bivariate analysis results (p-value < 0.05).
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way throughout the activity, it has a moderate to signifi-
cant positive impact on the scores and the mobilization of 
higher cognitive processes. The temporal PCA results of 
the juxtaposition interaction differ from those four howev-
er, in the temporal structure of the factors obtained. This 
interaction also contributes to supporting the activation of 
higher cognitive processes. Indeed, a slight mobilization of 
those processes would lead to a moderate impact on prob-
lematization and connecting. Our observations are sum-
marized in Figure 9, which show interactive mobilization 
behaviors that contributed the most to student learning.

Examination by interaction and by score using bivariate 
modeling (Table 4) and temporal PCAs (Figure 9) un-
derlines the prominent part played by specific interactions 
from the various kinds of interactivity (see Table 2) in the 
mobilization of the higher cognitive processes present in 
problematization (C4 score) and connecting (C3 score). 
Temporal PCAs highlight interactive behavioral patterns 
that imply higher taxonomic scores. These analyses bring 
evidence in favor of our second hypothesis (H2).

THEMATIC ANALYSIS WITH FOCUS GROUP

A focus group was assembled by selecting students accord-
ing to their taxonomic scores, to obtain a panel composed 
of students with varied learning outcomes (5 girls and 7 
boys). All participants voluntarily agreed to participate in 
the focus groups. Due to school-related constraints, only 
four twenty-minute focus groups were conducted, after 
the conclusion of all three activities. Each group consisted 
of three students, who responded unprepared to questions 
related to their experience with the three online maps. The 
questions (which can be found in the Appendix) concerned 
the role of interactivity in their learning, cartographic and 

graphic interpretation (mobilization of taxonomic levels 
depicted in the map interpretation taxonomy), the difficul-
ties encountered during the tasks, and how to overcome 
them (metacognition) such as mastering the web map in-
terface. The focus groups also included a debriefing where 
students could express themselves freely. We chose the-
matic analysis to identify recurring themes in the students’ 
comments (Hay 2005). A first coding grid based on the 
components of the map interpretation taxonomy, interac-
tivity, and technical ability was used in our initial analysis. 
Following this initial analysis, other codes emerged and 
made it possible to identify other key themes related to 
task features and contexts.

From this analysis, we obtained information on the pos-
sible influence of technical ability and interactivity as well 
as other factors related to the progression of learning (H1) 
and the mobilization of higher cognitive processes (H2). 
These other factors reflect the context of the tasks and its 
role in learning geographical thinking. The purpose of 
these thematic analyses was to reveal and document evi-
dence that complements and clarifies the results of the sta-
tistical analyses with student feedback.

The use of a web map as part of a teaching session was 
new to all students. A time of adaptation and initiation 
was therefore necessary. From the second activity, students 
claim to have understood how the site worked. This con-
firms the existence of the learning effect observed in one 
of the statistical analyses (see Figure 8) and underlines 
that technical ability is not a hindrance to learning despite 
the school practices discussed further.

Because I didn’t really know how it worked, 
so I wasn’t used to it. Instead of looking at the 

Figure 9. Interactive behaviors with the most contribution to learning.
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questions, I tried to understand first, to see all the 
possibilities to see how it worked. Then, little by 
little, I started to use the graphics more and more. 
(Focus Group 4: Student 2)2

But I think, after [the first activity] I was more 
familiar with the website too, the way it works. 
(FG1: S2)

From the perspective of mobilizing interactivity, students 
mention different behaviors. Students took advantage of 
some interactive features to facilitate their work. One of 
these features corresponds to one of the cartographic inter-
actions highlighted during the statistical analyses: the jux-
taposition of two maps, which allows comparing and ana-
lyzing two cartographic indicators. Using this interaction, 
they were able to conduct analyses through comparisons.

I also liked the [double] maps very much, finally, 
because they allow you to compare two indicators, 
which is more practical than having to select one 
and look at the other all the time, because you can 
see both at the same time. (FG2: S1)

Other interactive features related to the other types of in-
teractivity were mentioned, such as highlighting certain 
classes, and displaying the attributes of the indicators. 
All three kinds of interactivity (see Table 2) were used to 
perform tasks. The combination of the three types of inter-
activity is also a parameter to consider, as the first PCA 
revealed. The students’ feedback reveals other factors that 
influenced learning and the mobilization of higher cogni-
tive processes. The first is related to indicator representa-
tions. It is related to the semiological and semiotic features 
of the graphic representation types (maps, charts). Students 
encountered interpretive difficulties when graphic repre-
sentations combined two pieces of information such as 
colored proportional symbol maps. Proportional symbol 
maps also generated abstraction barriers in terms of per-
ceived size difference, but not unanimously. In the first 
two activities, students had access to scatterplots, a bar 
chart (Silicon Valley), and a line chart (global trade). In 
the third activity, only proportional symbol and choro-
pleth maps were available. In the second activity, some 
students relied on the bar chart to answer the questions. 
The choropleth map was the representation most preferred 
by the majority of students. Its visual attractiveness could 

2.  The focus groups were conducted in French. The comments mentioned here have been translated by the authors into English.

affect its readability. Thus, the visual aesthetic factor may 
influence students’ preference for this type of representa-
tion. Another one of the non-trivial factors in this type of 
school-based study is the role of school practices in relation 
to digital tools and maps. Students had not previously en-
countered the use of online maps in assessments.

Well, for me, it was the first time that I had ever 
done an exercise like that. I had never seen a dig-
ital map. So I had to take my time to see how it 
worked and all that. (FG1: S2)

But uh, it was really interesting and it was a 
change from what we usually do, we don’t do this 
kind of thing often, it’s tests that we have, assess-
ments or we have to learn something by heart or 
we have knowledge that we have acquired during 
the courses and then we transcribe it, we tran-
scribe what we have learned, etc. But here, we had 
a support that helped us answer certain questions. 
So it’s a different approach from what we usually 
do and I think it’s really cool. (FG4: S1)

The difficulty associated with this novelty was also ampli-
fied by the use of web maps to answer questions requiring 
analysis and synthesis skills. Students had never been con-
fronted with this type of activity in class. They empha-
sized their difficulties in answering questions requiring an 
analysis of different information (connection component) 
and the creation of hypotheses (problematization compo-
nent). These statements correspond to the evolution of the 
taxonomic scores mentioned. Nevertheless, some of them 
were very satisfied to be able to connect facts retrieved 
from map interpretation.

It also taught me that, well, f irst of all, I liked 
making links between things and that I find it 
interesting to be able to make links. And then, 
it will also improve, to put precisely as [S2] says, 
to make the links between the various, the cards 
and then the information which one knows, then 
the questions, then the logical things. Because we 
hadn’t really had such a developed analysis of a 
question. (FG1: S1)

The intellectual complexity factor of these questions was 
likely reinforced by the lack of prior similar experiences. 
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Students had difficulty answering the last two questions 
in the task that require analysis, evaluation, and creation.

The last two questions were actually a problem for 
me. Afterwards, why? Well, it’s because I didn’t 
understand them. Well, I didn’t understand what 
was expected of the answer, maybe I didn’t under-
stand the question. (FG1: S2)

Nonetheless, on several occasions, students mentioned 
different strategies such as retrieving information using 
juxtaposition (see FG2: S1). The implementation of these 
strategies emphasizes students’ metacognitive ability, 
which increased during the three activities. The last pa-
rameter which may have a contribution on learning and 
map interpretation, positive (pleasure, motivation) and 
negative (stress and anxiety) emotions were mentioned by 
the students.

So since I, like, I’m a little bit lame in computers 
and all that, then as soon as they say you have to 
do that on the computer or like that, I feel every 
time I’m completely off the mark and then, the 
fact to have succeeded in understanding this site, 
to have found information and all that, that reas-
sured me a little bit, to say to myself in fact finally, 
that’s OK. (FG3: S1)

Despite the difficulties linked to school practices, the mas-
tery of the interactive tool, and the intellectual complexity 
of the questions, the students still experienced a progres-
sion in their learning (see FG1: S1). Nevertheless, given 
the few focus groups conducted, it is difficult to precisely 
assess the influence of these additional factors. It is inter-
esting to note, though, that these focus groups allow us to 
partially confirm and complement a part of the statistical 
results regarding our hypothesis evaluation while high-
lighting additional parameters that contextualize the stu-
dents’ learning.

D I S C U S S I O N
The taxonomic scores of the different map in-
terpretation components improved, despite the difficulties 
students had in using the interface at the beginning of the 
three activities. Studies have pointed out that technical 
ability may be a hindrance to the use of GSTs (Hong 2017; 
Walshe 2017). Our findings indicate that technical ability 
is not a barrier to student learning, even if some adapta-
tion time is required. The progression of overall taxonomic 
scores from the beginning to the end of the experiment 
reflects this, as does the statistical modeling of interactions 
and total scores. The weight of technical ability gradually 
disappears and highlights a learning effect that becomes 
stronger over time. This finding is in line with strategies 
to manage the cognitive load during learning—for exam-
ple, to use a kind of pretraining to manage the complex-
ity of the learning task at hand (Clark and Mayer 2016). 
While this has already been reported in previous research 
(De Miguel González and De Lázaro Torres 2020), our 
study helps to illustrate this progression (see Figures 5, 7, 
and 8). Our results contribute to the body of research by 
providing evidence that web maps support learning geo-
graphical thinking by students in secondary schools (De 
Miguel González et al. 2019; Favier and van der Schee 
2014; Metoyer and Bednarz 2017). Confronting our sec-
ond hypothesis with the analyses, we also found that the 
web map may mobilize higher cognitive processes. While 
(digital) maps are generally employed for illustrative 

purposes in geography class, taxonomic score progressions 
highlight students’ ability to activate them in analysis and 
problematization activities.

Our study results highlight several insights and recom-
mendations for the use of web maps in school geography. 
As we observed with the evolution of scores and interac-
tions, the repetition of similar activities while varying the 
themes allowed the students to improve their ability to 
interpret a web map, to analyze, and to problematize. In 
light of this observation and of the current state of school 
practices, the use of web maps cannot be carried out as 
an isolated activity. A succession of similar activities leads 
to a better appropriation of the tool and better learning. The 
progression of taxonomy scores confirms the students’ im-
proving ability to use web maps during analysis and prob-
lematization tasks. Moreover, during the focus groups, 
the students repeatedly suggested that this type of activity 
should be implemented from the beginning of secondary 
I (the first year of Swiss secondary school, for students 12 
years old). According to them, these activities allow them 
to acquire skills in mastering digital tools that could be 
useful in their future academic or professional training.

The semiotic and semiological difficulties revealed by the 
students argue for the implementation of a progressive ini-
tiation to the types of data representation from the least to 
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the most abstract and according to their criterion of visual 
aesthetics (i.e., visually attractive), in the following order: 
choropleth map, proportional symbols, colored propor-
tional symbols.

The data collection and the results of the analysis con-
firmed that the map interpretation taxonomy (see Figures 
3 and 4) could be used to build and evaluate web-based map 
activities. Therefore, it could be deployed by (future) sec-
ondary I geography teachers. By distinguishing the cog-
nitive processes and levels of knowledge mobilized during 
cartographic interpretation, the taxonomy helps to set up 
activities according to the teaching needs and progress of 
the students. Moreover, this taxonomic differentiation al-
lows (future) teachers to build an evaluation and to fol-
low the evolution of the students’ learning. To this end, 
we advocate the communication of evaluation criteria and 
comments and the implementation of graphical represen-
tations to allow students to monitor their progress.

The recommendations for the development of adapted web 
mapping interfaces for students are mainly based on the 
three factors revealed by the PCA (technical ability, ability 
to investigate and compare, ability to synthesize). Our rec-
ommendations are as follows: facilitate mastery of the tool 
and foster investigation, comparison, and synthesis skills.

Regarding the technical skill, the aim is to facilitate a 
quick learning curve to reduce the time needed to mas-
ter the tool, and thus allow students to concentrate on the 
cartographic interpretation. As a result, the overloading of 
the interface by providing many interactive features should 
be avoided. Moreover, the students we observed are used 
to smartphones and tablets, as opposed to desktop comput-
ers. Some of them also encountered difficulties in writing 
text on a keyboard. During data collection, the availability 
of tutorials or explanations provided by the researcher or 
teacher did not result in us observing significant chang-
es in how students used the interface. Therefore, one ap-
proach would be to think in terms of user experience and 
interface without intermediary or external help. As we 
have seen, the students encountered semiotic and semio-
logical difficulties in interpreting the maps, linked to the 
type of representation. The majority preferred choropleth 
maps, feeling that these maps were easier to understand. 
They also mentioned the use of bar charts on some occa-
sions. This may be related to the representations they usu-
ally see in and out of school. Therefore, we propose intro-
ducing students to these activities with a combination of 

minimal representations of choropleth maps and bar charts. 
Other types of data representations may also eventually be 
deployed, but students must first be able to rely on adapted 
representations to support their learning. Instructors could 
consider making certain other types of representations 
available, but hidden in the interface and revealed over 
time, as part of a gradual introduction to more abstract 
types of data representation—such as from a choropleth 
map to a colored proportional symbol map, as we suggest 
in one of our previous teaching recommendations.

Fostering investigation, comparison, and synthesis re-
quires the implementation of a combination of interactive 
features from the three types of interactivity (see Table 1). 
The results of the statistical analyses and the focus groups 
underline this. In addition to spatial navigation and loading 
data, the integration of the following interactive features 
is required: display layer attribute, highlight, and juxtaposi-
tion. The display of attributes informs students about the 
extent and spatial distribution of the phenomena repre-
sented. Highlighting the data (via a simultaneous map and 
graph, or with only a map) focuses the student’s attention 
on certain spatial features. To further develop this work, 
it would be interesting to combine these two cartograph-
ic interactions and to study their contribution to learning. 
Juxtaposition, despite its limited use in activities, has an 
important influence on the ability to compare and prob-
lematize. In this respect, one of the most promising inter-
active features is the provision of two maps side by side on 
the same screen.

Nevertheless, using web maps does not mean successful or 
better learning (Jadallah et al. 2017). Task design plays a 
significant role (Favier and van der Schee 2014). The use of 
the cartographic interpretation taxonomy (see Figure 2) in 
collaboration with the partner teacher enabled us to devel-
op intellectually varied tasks. However, there are several 
limits to be taken into consideration, which add nuance to 
the significance of the results and the findings. Field ac-
cess and data collection conditions were challenged by the 
constraints of the COVID pandemic. The work discussed 
here is an exploratory case study and thus the context of 
the experiment plays a significant role. The experimental 
conditions were kept as close to the field as possible to ob-
tain similar data to the reality of teaching. We did not use 
a protocol that separated the tasks in time according to the 
levels of knowledge and cognitive processes identified in 
our map interpretation taxonomy. While the division of 
the tasks follows an intellectual progression, the students 
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did not necessarily answer the questions in the suggested 
order. Another limitation is the relatively small sample size 
(n = 20) which prevents the results from being generalized, 
but nonetheless provides leads from which other, larger 
studies could be conducted. Moreover, the inference from 
mouse movements to cognition is debated in the litera-
ture. Design factors of the mouse tracking procedure may 
hinder the manifestation of cognition through movement 
(Grage et al. 2019; Schoemann et al. 2019). The partner 
teacher in this research is perhaps not typical of his col-
leagues: his keen interest in setting up innovative ways of 
learning differ from usual practices. Finally, the layout was 
modified during the three activities according to feedback 
from students and the teacher to meet their needs. Despite 
the minor extent of the modifications made, this element 
may have led to bias in the data collection.

Nonetheless, we still consider our theoretical and meth-
odological approach to be relevant, as it opens interest-
ing research perspectives. Here are a few suggestions for 
achieving this:

•	 a precise order of execution and division of tasks as 
well as a fixed time (determined following an explor-
atory survey),

•	 a group of participants numbering at least 100,

•	 the use of one or more control groups to guarantee 
the significance of the results,

•	 ensuring that the mouse tracking device limits in-
terference between mouse movement and cognition 
(Grage et al. 2019; Schoemann et al. 2019), and

•	 reducing the interactive visualization options in order 
to better evaluate and analyze the contribution of 
interactivity to learning.

It would also be possible and interesting to limit experi-
ments to specific interactive functionalities to better un-
derstand their inf luence on learning, as highlighted by 
our study on juxtaposition. Finally, a study with a simi-
lar methodology, comparing static and interactive maps, 
could use eye tracking to gather data on their respective 
contributions to learning.

CO N C L U S I O N
This exploratory study is a further step in the 
research undertaken so far to better understand the role of 
interactivity on the construction of knowledge in geovisu-
alization, and on learning geographical thinking in geog-
raphy education. Our research differs from previous stud-
ies by focusing on the effect of interactivity on learning 
with qualitative and statistical analysis. To the best of our 
knowledge, this essential feature of web maps has not yet 
been investigated among secondary I students. The results 
highlight interactive behaviors and interactions that con-
tribute to student learning. The statistical results—PCA 
and bivariate—provide interesting information about how 
the mobilization of interactions supported student learn-
ing. They highlight that the contribution of cartographic 
interactions is related to a combination of all three types 
of interactivity (see Table 2). Temporal PCAs were per-
formed to identify interactive behaviors that were most 
likely to enhance student learning. These analyses pro-
vided information on the frequency of mobilization of the 
interactive features. The temporal PCAs of four of these 
interactions—spatial navigation, display layer attribute, spa-
tial navigation move, and highlight—reveal that when one 
of these four interactions is mobilized in a moderate and 
intermittent way throughout the activity, it has a moderate 

to a significant positive impact on the scores. The juxtapo-
sition analysis differs, suggesting that only a slight mobili-
zation may lead to a moderate impact on problematization 
and connecting. These observations are summarized in 
Figure 9, which shows the interactive behaviors with the 
most contribution to learning. Focus groups complement 
and partially confirm the results revealed by the statistical 
analyses. While supporting the influence of technical abil-
ity and interactivity on learning geographical thinking, 
they highlight the involvement of other factors. This ad-
ditional information points towards the importance of ac-
tivity context through school practices and the intellectual 
complexity of the tasks. The focus groups revealed several 
details of students’ interactions with the web maps: their 
difficulties in interpreting specific graphs, ability to iden-
tify obstacles and work around them (metacognitive abil-
ity), visual aesthetic preferences, and the role of both pos-
itive (pleasure, motivation) and negative (stress, anxiety) 
emotions. According to the state of the art by Montello 
et al. (2018) in this respect, emotions play a central role 
in the map interpretation. Further investigations would be 
necessary to evaluate more precisely the respective weight 
of these factors revealed by the focus group analysis. At 
this stage, these are only indications. The combination of 
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analysis and data collection methods allowed us to bet-
ter understand the role of interactivity by confirming and 
complementing our statistical results, while highlighting 
the existence of other learning factors through the focus 
groups. These focus groups highlighted other factors 
missing from the hypotheses related to the context of the 

experiment and student characteristics. We are convinced 
that this type of methodological and theoretical articula-
tion is appropriate and relevant to study the contribution 
of web mapping, and possibly digital tools on students’ 
learning.
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