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Abstract: Concept maps are graphical representations of students’ knowledge and understanding, used for the devel-
opment of meaningful learning. In geographical education, they can support the visualisation of processes among 
Earth systems and the development of systems thinking. This systematic review examines 40 empirical studies (2003–
2023), written in English and found in the Scopus and Web of Science databases. The aim of the literature review was 
to analyse and categorise the most common uses of concept maps in geography education research, focusing on the 
research, interaction and application issues of concept maps in relation to geography and the students creating them. 
The results show that concept maps were predominantly used as an assessment tool to reveal conceptual changes 
post-intervention. The most frequently mapped topic was climate change and other human–environment interac-
tions. Concept maps were primarily used to study general pedagogical problems, less to explicitly research geograph-
ical education. This review highlights the role of concept maps in geography education, and their potential and limita-
tions in efficient implementation. 
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Highlights: 

● Using concept maps as a learning tool can help students develop systems and relational thinking skills. 
● Concept map use can help teachers detect misconceptions and conceptual changes in student learning. 
● Initial training in concept mapping and continuous feedback are major conditions for its effective use and the gain 

in possible benefits for geography students. 

 

1. Introduction 

Assimilating and connecting information plays a key role in studying geography, thinking geographically, and comprehending and interpret-
ing the complicated world we live in. The list of methods and tools that can aid students in their effort to understand the world is endless, with 
concept maps having gradually found their place among these since at least the 1970s, when they were introduced by Joseph Novak and his team 
in the United States. They created concept maps with the aim of elucidating the learner’s conceptual knowledge of a content domain (Novak & 
Cañas, 2006) and supporting meaningful learning (Ausubel, 1963). These maps, consisting of hierarchies of relationships built on concepts con-
nected by a linking word, allow students to express and understand the connections between their existing ideas, link new ideas to prior knowledge 
and organise their ideas in a structure that suits them the best (Hay et al., 2008). 

Earth systems and their interrelationships can be better understood through using such two-dimensional visual models (Mehren & Rempfler, 
2022), in which the misconceptions of more abstract concepts can be easily diagnosed (Assaraf & Orpaz, 2010). Their inclusion in geography 
classrooms can support student learning and assessment (Wehry et al., 2012). Decades of education research have shown that the regular use of 
concept maps can help students develop higher-order thinking skills (Cañas et al., 2017), critical thinking, metacognitive reflection and creativity 
(Machado & Carvalho, 2020).  

Geography teachers see the potential of concept maps in essay planning (O’Brien, 2002), gathering together all the pieces of the geography 
jigsaw, and supporting collaborative and visual learning (Leat & Chandler, 1996). However, they have also stressed the need for good instruction, 
otherwise their potential as a learning and assessment tool cannot be thoroughly realised and their implementation without reflection and practice 
will not be effective (Leat & Chandler, 1996; O’Brien, 2002). 

Although the use of concept maps in geography education has been mentioned and strongly supported in several studies (Roberts, 2023), 
there has been no systematic analysis documenting these instances in empirical research, apart from in one conference paper (Campelo & Piconez, 
2018). Consequently, it is not yet known what roles concept maps can play in geography classrooms, what benefits they provide and if this some-
how differs from their use in other subjects and their specific requirements.  

Therefore, in this article, the aim was to present the results of a systematic review that was carried out using articles published between 
2003 and 2023 that addressed concept maps in geography education research. The main goal was to classify and analyse the most common use 
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of concept maps in geography education research. The main variable for the analysis was the use of maps coded as either a learning or an assess-
ment tool. This analysis focuses only on students, but across all levels of education. It was important for the selection that students were directly 
involved in the creation of the concept maps. For this systematic review, the following research questions (RQs) were proposed: 

• RQ1: How are concept maps in geography education research used?  
• RQ2: How are concept maps in geography education studied?  
• RQ3: How are concept maps in geography education created?  
• RQ4: What effects––positive or negative––do the use of concept maps have on geography education? 

2. Theoretical background 

2.1 Use of concept maps in education for student learning and assessment 

Concept maps (Figure 1) have been identified as a complex and demanding tool for organising learners’ knowledge and fostering their 
competencies (Novak & Gowin, 1984). The primary reason for concept maps is to develop meaningful learning, based on the cognitive psycholog-
ical approach of Ausubel (1963). The goal of this learning is to be able to take newly obtained concepts and place them into a framework of existing 
knowledge in order to construct ideas and relationships between the learned items through a continuous learning process (Novak & Gowin, 1984; 
Ruiz-Primo & Shavelson, 1996), as opposed to the more-traditional rote learning (Novak & Cañas, 2006).  

Hay et al. (2008) presented several uses of this tool, which can be summarised as representing two key categories when it comes to students 
as creators. First, concept maps have proven to be an effective learning tool, supporting students’ learning strategies (Eggert et al., 2017; Machado 
& Carvalho, 2020; Namdar & Shen, 2016), and promote knowledge retention (Nesbit & Adescope, 2006). Through concept maps, students can 
summarise, organise and visualise relationships between complex and abstract concepts (Cañas et al., 2023). In addition to the development of 
cognitive and metacognitive processes, concept mapping can increase student motivation (Gurlitt & Renkl, 2010) by activating their prior 
knowledge. Teachers also see their potential in constructivist teaching and learning (Won et al., 2017), such as geography through enquiry (Rob-
erts, 2023), encouraging the development of higher-order thinking skills. 

Contrastingly, as an assessment tool, concept maps can provide evidence of students’ learning and understanding (Ruiz-Primo & Shavelson, 
1996), not only for the benefit of the teacher, but also for themselves through metacognitive reflection (Rebich & Gautier, 2005; Stevenson et al., 
2017). Compared to traditional test formats, concept maps provide students with creative ways of illustrating their understanding (Cañas et al., 
2023). Alone, however––as found by Conradty and Bogner (2012)––they do not provide the teacher with all the necessary information needed to 
determine whether the students understand the tested topic, and it was recommended to use both tests and concept maps together. Used before 
and after learning intervention, concept maps are useful for comparing the structure and complexity of students’ understanding of a topic, as they 
potentially experience a conceptual change (Hay, 2007; Novak, 2005).  

2.2 Using concept maps in geography education for systems thinking  

One of the main goals of the geography education curriculum is to broaden students’ worldviews by developing their understanding of 
increasing global complexity and the interaction between physical, human and environmental factors (International Geographical Union [IGU], 
2016). To study this interconnection, systems thinking is offered as a pathway (Assaraf & Orion, 2005). Systems thinking can be understood as 
“the ability to recognise the elements and complexity of a system, to understand the interrelationships of the elements, and to appreciate the 
impacts of the interrelationships at the local, national and global levels” (Demssie et al., 2023, p. 264). In geography, all spheres, such as the 
atmosphere, hydrosphere or human settlements and population, are considered individual systems.  

Systems thinking is a form of relational thinking, and according to Cox et al. (2019), it is inherently part of geographical thinking. This thinking 
is based on several domain concepts (e.g. Lane et al., 2019) that allow students to have a powerful and holistic way of seeing, understanding and 
studying the near and distant features of the globe and making connections between them (Ma & Lu, 2024). Lambert (2017) related systems 
thinking to an essential grammatical component (one of three, including vocabulary, grammar and enquiry) that is required for the development 
of geographical thinking (Bendl et al., 2024). Systems thinking can be fostered and assessed by external representations of mental models, such 
as concept maps (Åhlberg & Ahoranta, 2002; Mehren & Rempfler, 2022) and causal diagrams (Cox et al., 2019; Ma & Lu, 2024)––a variation of 
concept maps, where links are labelled with plus or minus signs (instead of linking words), depending on the relationship between the linked 
concepts.  

Although concept maps have existed for an extended period, they are increasingly relevant to the requirements of modern geography cur-
ricula, as several countries include systems thinking in their national curriculum. By the end of Key Stage 3, English students should have “become 
aware of increasingly complex geographical systems in the world around them” (Department of Education, 2013, p. 2). In China, systems thinking 
is included in the geographical synthetic thinking that is viewed as one of four core competencies for geography students (Ma & Lu, 2024). The 
United States geography curriculum standards stress that, by studying natural, human and other systems, American students should be able to 
cultivate their geographical systems thinking (Heffron & Downs, 2012). Similarly, students in Germany are also expected to possess these skills 
(Mehren & Rempfler, 2022). Because concept maps help elucidate the complex relationships among geospatial concepts, thereby fostering a 
deeper understanding of critical geographical skills and disciplinary knowledge, they are in line with the proposed aspects of current and future 
global geographical curricula modelled on the GeoCapabilities (Bustin, 2019) and geo-literacy approach (García-Gonzáles et al., 2023).  

3. Methods 

To understand how concept maps have been used in geography and geography-related education over the last 20 years (2003–2023), this 
work presents a review of their use in broader and different aspects (Chang et al., 2022; Hartmeyer et al., 2018). To perform this systematic review, 
the principles and guidelines of the preferred reporting items for systematic reviews and meta-analyses (PRISMA), as outlined in Page et al. (2021), 
were adopted.  
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Figure 1. Example of a non-hierarchical concept map on the topic of ‘causes of climate change’ created by the author in CmapTools, based on 
the text available on the European Commission (n.d.) website. 

This systematic review includes literature that was published up to March 20, 2024––the date when the online search for papers was con-
ducted. In the search for appropriate studies, two databases were employed––the Web of Science (WoS) and Scopus. These were chosen for their 
broad inclusion of science articles on the topics of both pedagogy and geography. To search through the titles, abstracts and keywords assigned 
to the papers, the following keywords were used: (“concept map” OR “concept mapping” OR “conceptual mapping”) AND (“geography” OR “sci-
ence”) AND (“education” OR “learning” OR “teaching” OR “school” OR “textbook”). The addition of ‘conceptual mapping’ was rooted in the use of 
this term in some theoretical papers outside of countries with English as a first language (e.g. Trahorsch et al., 2022), and ‘science’ was added as 
a reflection of discussions in Jones (2017). The last string came from personal experience and previous reviews of geography education research 
(e.g. Mašterová, 2023). A total of 1,983 records were obtained using this combination. To be included in the review, each study had to meet the 
certain criteria.  

The following inclusion criteria were defined. The articles had to be written in English, published in scientific (peer-reviewed) journals, pub-
lished between 2003 and 2023, empirical research, focused on all levels of education, focused on students, include the use of concept maps, 
include the description of concept mapping activity, be related to geography curricula (including Earth sciences and environmental education), 
include a description of the participants, include a thorough methodology and the purpose of the research, and include an analysis of the results 
and a discussion of the findings. The following exclusion criteria were defined. The article had to not be available only in part or be inaccessible, 
not fail to meet the quality standards of research (conference papers), not use concept maps as a pre-constructed learning material and not use 
concept maps as a tool for data analysis.  

Most of the articles were found in the WoS (1,087 records), followed by Scopus with 896 records. However, only 566 texts from the WoS 
and 522 texts from Scopus were written in English, published as journal articles and fitted the 2003–2023 publication range. Furthermore, the 
filter bar in Scopus allowed the exclusion of 276 texts that belonged to subject areas not relevant to geography, Earth, social, educational or 
environmental sciences. Subsequently, another 322 texts were filtered this way in the WoS.  

After combing the list for duplicates, 412 records remained on the list. These were considered for their relevance to the studied topic. Their 
titles, abstracts and keywords were scanned to see if concept maps were mentioned in relation to geography or geography-related education, 
and if they met the chosen inclusion or exclusion criteria.  

The scope for the search was extended beyond the school subject of geography because the content of this science discipline is interdisci-
plinary (Solem & Boehm, 2018) and oftentimes taught in the larger block of so-called natural sciences, together with, for example, physics, chem-
istry and biology, and social sciences, including history and citizen science. The relevance of the topic (of created concept maps and their used in 
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research) to the geography curriculum was judged based on the discussions presented in the International Charter on Geographic Education (IGU, 
2016) and The Handbook of Secondary Geography (Jones, 2017), along with the author’s rich personal experience with the Czech and Slovak 
national geographic curricula at all levels of education. 

Among the 412 articles scanned, from the abstract of a dozen of articles, it was evident that the authors used mind maps rather than concept 
maps, which seem to get mixed up quite often (Davies, 2010). Unlike concept maps, mind maps do not use linking words, and concepts can repeat. 
Also commonly, concept maps have rather been used as an analytical tool for investigating data gathered by interview, the content analysis of 
textbooks (Trahorsch et al., 2022) or from classroom observations. 

As Figure 2 indicates, 77 articles were grouped for the last round of elimination. After reading the first ten of these, a set of items was 
prepared for coding. This list was derived from a similar tool used by Chang et al. (2022) and Hartmeyer et al. (2018), modified through the entire 
coding process to accommodate the needs of the set RQs. After becoming familiarised with all the roles of the concept maps used in the texts, 
these were categorised for the sake of clarity, as described by Hay et al. (2008), under two major headings––a learning tool and an assessment 
tool. After the remaining 77 articles had been thoroughly read and coded, 37 were found not meet the set criteria. Papers were considered of 
high quality if all the dimensions defined in Appendix A were located, whereas those that satisfied less than two dimensions in the ‘Application 
issues’ were removed. Those articles containing thorough descriptions and discussions on learning interventions were considered of the highest 
quality for their potential in future implementation.  

 

Figure 2. PRISMA scheme for the article search in the databases. 

The extracted information was coded twice, in two phases. In the first phase, more-detailed descriptions of the coded items were written, 
and in the second phase, the qualitative data were converted by thematic analysis (Naeem et al., 2023) into more generalised codes, the units of 
quantitative data being unified (in the same columns). Therefore, new columns appended with ‘TA’ (thematic analysis) were created, including 
the roles of concept maps TA, aims of research TA, format characteristics TA and advantage of concept maps TA. The final classification of codes 
and their description are presented in Appendix A. 
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The concept map topics were categorised based on a deductive approach, which started by sorting the topics into four already existing 
categories (Jones, 2017) based on the description of the topic and the related learning intervention by the authors, continuing with an inductive 
approach after several topics could not match with either category, requiring two new ones to be created.  

4. Results 

The in-depth review of the final 40 papers revealed trends and gaps in the use of concept maps in geography education research over the 
last two decades. Table 1 presents an overview of all the papers included in the systematic review. The next section presents general information 
on the published articles, with subsequent sections addressing the answers to three of the RQs regarding the research, interaction and application 
issues of the studied topic. 

The systematic review found 13 countries in which concept maps in geography education were being used in research. The most productive 
country was, by far, the United States (20 articles, 50%), followed by Taiwan and the United Kingdom (both 3, 7.5%). Australia, Germany, Israel 
and Spain were all represented by two articles (all four 5%). One article each came from Greece, Ireland, Portugal, Singapore, The Netherlands 
and Turkey (all six 2.5%).  

Figure 3 illustrates the frequency of the research on concept maps in geography education in the selected period of 2003–2023. The years 
2003, 2004 and 2006 are not present in the selection. The number of studies peaked in the years 2011, 2016 and 2017, with four articles each. 
Six times, there was only one study published per year. Figure 3 distinguishes between articles that used concept maps as either learning or 
assessment tools, or both. There seems to be no pattern, most of the time the categories being balanced.  

Table 1. Summary of results for each review article 

Publication Country Aim Respondents Design Use of CM Topic Training  

Akbaş and 
Gençtürk 
(2011) 

Turkey Cognition 90 lower secondary 
education students 

Mixed (quasi-ex-
periment) 

Learning tool Physical geography S 

Allen and Bar-
bour (2016) 

USA, Colorado Cognition,     
affect 

10 undergraduate 
students 

Mixed Assessment tool Regional geography S 

Allen and 
Lukinbeal 
(2011) 

USA, Colorado Cognition 571 lower second-
ary education and 
undergraduate stu-
dents 

Mixed (quasi-ex-
periment) 

Assessment tool Physical geography NM 

Assaraf and 
Orion (2005) 

Israel Cognition 70 lower secondary 
education students 

Mixed Both Man and environment S 

Assarf and 
Orpaz (2010) 

Israel Cognition 21 lower secondary 
education students 

Mixed Assessment tool Man and environment S 

Bulunuz and 
Jarrett (2009) 

USA, Georgia Cognition 52 undergraduate 
students 

Quantitative Learning tool Physical geography D 

Chang et al. 
(2017) 

Republic of China, 
Taiwan 

Cognition 85 lower secondary 
education students 

Quantitative 
(quasi-experi-
ment) 

Learning tool Regional geography D 

Chin et al. 
(2010) 

USA, California Cognition 58 lower secondary 
education students 

Mixed (quasi-ex-
periment) 

Both Climate change NE 

Eggert et al. 
(2017) 

Germany Cognition,    
affect 

158 higher second-
ary education stu-
dents 

Quantitative 
(quasi-experi-
ment) 

Learning tool Physical geography NM 

Endreny 
(2010) 

USA, New York Cognition 33 primary educa-
tion students 

Qualitative (ac-
tion) 

Assessment tool Physical geography S 

Englebrecht 
et al. (2005) 

USA, Michigan Cognition 35 undergraduate 
students 

Mixed Assessment tool Physical geography S 
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Erdimez et al. 
(2017) 

USA, Arizona Cognition 23 primary educa-
tion students 

Mixed Assessment tool Physical geography S 

Gillies et al. 
(2015) 

Australia, Queens-
land 

Cognition 248 lower second-
ary education stu-
dents 

Mixed (experi-
ment) 

Assessment tool Physical geography NM 

Hwang and 
Chang (2020) 

Republic of China, 
Taiwan 

Cognition,    
affect 

101 primary educa-
tion students 

Mixed (quasi-ex-
periment) 

Both Physical geography NM 

Jeong et al. 
(2022) 

USA, North Caro-
lina 

Cognition,    
affect 

156 undergraduate 
students 

Mixed Assessment tool Physical geography S 

Karkdijk et al. 
(2019) 

The Netherlands Cognition 205 higher second-
ary education stu-
dents 

Mixed Learning tool Man and environment N 

Kwon and 
Cifuentes 
(2007) 

USA, Texas Cognition,    
affect 

161 lower second-
ary education stu-
dents 

Mixed (quasi-ex-
periment) 

Learning tool Physical geography D 

Marzetta et 
al. (2018) 

USA, Colorado Cognition,    
affect 

25 primary educa-
tion students 

Mixed Assessment tool Man and environment TE 

Morfidi et al. 
(2018) 

Greece Cognition,    
affect 

30 primary educa-
tion students 

Quantitative (ex-
periment) 

Learning tool Physical geography S 

Morgan et al. 
(2022) 

USA, Florida Cognition 20 graduate stu-
dents 

Qualitative (case 
study) 

Both Technology and meth-
odologies 

S 

Namdar and 
Shen (2016) 

USA, Florida Cognition 20 graduate stu-
dents 

Qualitative Learning tool Man and environment S 

Oberman 
(2023) 

Ireland Cognition,     
affect 

24 primary educa-
tion students 

Mixed Assessment tool Physical geography S 

Oda (2016) USA, California Cognition,     
affect 

12 undergraduate 
students 

Mixed Assessment tool Technology and meth-
odologies 

D 

Oliver (2009) USA, North Caro-
lina 

Cognition,     
affect 

74 lower secondary 
education students 

Mixed Both Physical geography D 

Pontes-Ped-
rajas and 
Varo-Mar-
tínez (2014) 

Spain Cognition,    
affect 

69 graduate stu-
dents 

Qualitative Learning tool Education S 

Proctor and 
Bernstein 
(2013) 

USA, Oregon Affect,         
cognition 

23 undergraduate 
students 

Mixed (action) Learning tool Man and environment N 

Rebich and 
Gautier 
(2005) 

USA, California Cognition 17 undergraduate 
students 

Mixed Assessment tool Physical geography D 

Reitano an 
Green (2012) 

Australia Cognition,    
affect 

6 graduate students Mixed Assessment tool Education S 

Renshaw and 
Wood (2011) 

United Kingdom Affect 8 lower secondary 
education students 

Qualitative (case 
study) 

Learning tool Physical geography NM 
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Romero et al. 
(2017) 

Spain Cognition,    
affect 

42 lower secondary 
education students 

Quantitative Learning tool Physical geography D 

Schuster et 
al. (2008) 

USA, Indiana Cognition,    
affect 

9 higher secondary 
education students 

Mixed Assessment tool Physical geography S 

Sellmann et 
al. (2008) 

Germany, Bavaria Cognition 124 higher second-
ary education stu-
dents 

Mixed (quasi-ex-
periment) 

Assessment tool Physical geography S 

Seow (2016) Singapore Affect 4 graduate students Qualitative Assessment tool Education S 

Smithwick et 
al. (2018) 

USA, Pennsylvania Cognition,    
affect 

190 undergraduate 
students 

Mixed Assessment tool Man and environment NM 

Stewart 
(2012) 

United Kingdom Cognition,    
affect 

69 undergraduate 
students 

Mixed (quasi-ex-
periment) 

Learning tool Physical geography NM 

Vasconcelos 
et al. (2020) 

Portugal Cognition 83 lower secondary 
education students 

Qualitative Assessment tool Physical geography NM 

Walshe 
(2008) 

United Kingdom Cognition,    
affect 

27 lower secondary 
education students 

Mixed (case 
study) 

Assessment tool Man and environment NM 

Wehry et al. 
(2012) 

USA, Florida Cognition 69 lower secondary 
education students 

Mixed Assessment tool Human geography NE 

Yang and 
Wang (2013) 

Republic of China, 
Taiwan 

Cognition 49 primary educa-
tion students 

Mixed (quasi-ex-
periment) 

Learning tool Physical geography S 

Zimmerman 
et al. (2011) 

USA, Arizona Cognition 50 primary educa-
tion students 

Quantitative Assessment tool Physical geography D 

Note: CM = concept map; D = more-detailed training; N = no training; NE = no training due to previous experience; NM = no mention of training; S = short training; TE 
= previous experience plus retraining.  

 
 

 

Figure 3. Time distribution for the use of concept maps in geography education research.   

4.1 How are concept maps in geography education research used? 

Between 2003 and 2023, assessment tools accounted for the majority role of concept maps in geography education research (21 articles, 
52.5%), followed by learning tools (14, 35%) and a combination of both (5, 12.5%). This indicates that most of the research used concept maps to 
evaluate learning achievement, conceptual change or learning strategies.  
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4.1.1 Geographical thinking 

Only three studies (Karkdijk et al., 2019; Renshaw & Wood, 2011; Stewart, 2012) applied concept maps solely as a learning tool to support 
geographical thinking skills. In one example, on the causes of landslides, Stewart (2012) wanted to see if using concept maps helped undergraduate 
students to foster Earth systems thinking skills on the studied issue. After an academic year of engaging in concept mapping activities, the com-
plexity of the student work had increased, albeit with no effect on enhancing their overall performance. Nevertheless, the students expressed the 
usefulness of concept maps in synthesising and relating information. In the second case, Karkdijk et al. (2019) asked high schoolers to solve two 
mysteries, set in Rio de Janeiro and Jakarta, in order to exercise and assess their geographical relational thinking. Through their use of concept 
maps, the students were able to find more-complex and less-abstract relationships between natural and social elements, but only a minority of 
them showed higher relational levels. These Danish authors were inspired by previous research by Reseshaw and Wood (2011), who had their 
students investigate global physical systems through relationships between the atmosphere, oceans, volcanoes and glaciers. Studying whether 
concept maps can help students understand the physical world more holistically and critically, they achieved positive results.  

Investigating whether students already had the skills needed for the study of global issues by employing concept maps as an assessment 
tool was the goal of another four papers (Assaraf & Orion, 2005; Assaraf & Orpaz, 2010; Jeong et al. 2022; Vasconcelos et al., 2020). The results 
show that, over the time of the intervention, the students improved in linking the components of the water cycle (Assaraf & Orion, 2005), water-
shed system (Jeong et al., 2022) and factors effecting life at the poles (Assaraf & Orpaz, 2010). However, several misconceptions persisted in all 
these studies, and Vasconcelos et al. (2020) reported on the lowest fulfilment of the assigned task. The students were able enough to complete 
some of the maps on the rock cycle, food chain, water cycle or carbon cycle, but they were unable to connect the elements of these submaps to 
the atmosphere, biosphere and hydrosphere.  

4.1.2 Conceptual understanding and change 
The majority of the reviewed studies used concept maps to improve or assess students’ understanding of geographical phenomena. 

Knowledge tests in all four cases that used concept maps as learning tools proved that employing them can result in positive conceptual change 
and the elimination of misconceptions regarding air pressure (Akbaş & Gençtürk, 2011) as well as promoting a positive conceptual understanding 
of climate change (Eggert et al., 2017), several physical geography processes (Bulunuz & Jarrett, 2009) and local phenomena, such as the geology 
of Yehliu Geopark, Taiwan (Hwang & Chang, 2020).  

A quarter of all the studies used concept maps to determine if, after a specially designed intervention, students achieved a conceptual 
change in their understanding of geographical topics. Comparing concept maps from before and after the intervention, the students’ understand-
ing of geology (Englebrecht et al., 2005), climate change (Rebich & Gautier, 2005; Sellmann et al., 2015), watersheds (Endreny, 2010), Earth 
materials (Zimmerman et al., 2011), effective geography teaching (Reitano & Green, 2012) and geospatial concepts (Oda, 2016) increased.  

4.1.3 Concept map strategy  
About a quarter of the studies focused primarily on concept maps as a strategy for learning and assessment, with the geographical topics 

only aiding in the research. The authors compared concept maps based on their form (Erdimez et al., 2017; Morgan et al., 2022), media (Chin et 
al., 2010; Mordifi et al., 2018) and scaffolding (Eggert et al., 2017), trying to determine which types of concept maps were more suitable for 
student learning, as was common for the articles on concept mapping.  

Mordifi et al. (2018) concluded that the use of multimedia in concept maps did not give students advantages in learning. Erdimez et al. 
(2017) proved a common claim, that creating concept maps required students to use higher-order thinking skills. The claim that concept maps 
created by groups demonstrated better quality was also strongly supported in three articles (Chang et al., 2017; Kwon & Cifuentes, 2007; Pontes-
Pedrajas & Varo-Martínez, 2014). Eggert et al. (2016) tried to finally answer the question on the types of scaffolding needed and its impact on the 
quality of concept maps, but their results did not show any impact on the gain of factual knowledge, and the discussion continues. The studies 
also focused on the student assessment of this strategy, such as Proctor and Bernstein (2013), whose students expressed positive affection to-
wards concept maps because they were mostly not challenging for them and helped them with understanding relationships between environ-
mental issues.  

4.1.4 Assessing interventions  
Concept maps were also used as assessment tools in other contexts, but this was not as frequent as other categories and so they were 

grouped together here. Generally, concept maps were used to assess the effectiveness of a newly designed intervention. Marzetta et al. (2018) 
found that concept maps being indifferent to the language abilities of the students equitably elicited science understanding. Oberman (2023) 
proved that children could express the complexity of climate change through their concept maps. Allen and Barbour (2016) saw a changed under-
standing of Morocco after visiting that country through those students’ concept maps. Using concept maps to measure the effectiveness of a 
teaching method showed Allen and Lukinbeal (2011) and Gilles et al. (2015) that new practical exercises helped students to understand weathering 
processes and natural disasters, respectively, while Smithwick et al. (2018) explored the positive effect of interactive videos on the understanding 
of park conservation.  

4.2 How are concept maps studied in geography education? 

4.2.1 Research methods  

Mixed methods were the most used type of data (27 articles, 67.5%), followed by qualitative methods (7, 17.5%) and quantitative methods 
(6, 15%). Most of the articles applied a non-experimental design methodology (28, 70%), followed by a quasi-experimental (10, 25%) and an 
experimental (2, 5%) design methodology. In six cases, concept maps were employed as a learning tool in quasi-experiments (Akbaş & Gençtürk, 
2011; Chang et al., 2017; Eggert et al., 2017; Kwon & Cifuentes, 2007; Stewart, 2012; Yang and Wang, 2013), twice as an assessment tool (Allen & 
Lukinbeal, 2011; Sellmann et al., 2008) and twice as both (Chin et al., 2010; Hwang & Chang, 2020).  
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4.2.2 Research foci 

As for research foci, the cognition aspect accounted for exactly half the studies. Almost every study paid attention to the learning achieve-
ment of their students, with three-quarters of these looking for signs of conceptual change, which meant testing their students before and after 
an intervention. Only two studies were not interested in assessing the learning achievements of students, rather exploring only their attitudes 
towards studied issues (Renshaw & Wood, 2011; Seow, 2016), therefore focusing on affect. Almost half (18 articles, 45%) of the 40 articles com-
bined these two aspects.  

4.2.3 Participants 

Regarding the participants, the majority of concept maps in geography education research concerned lower secondary education students 
(13 articles, 32.5%), followed by undergraduates (10, 25%) and primary education students (8, 20%). The least attention was paid to the higher 
secondary education and graduate students (both 4, 10%). In one case (Allen & Lukinbeal, 2011), the research focused on both lower secondary 
education students and undergraduates together in one sample. On average, 78 students were included in a sample group per study, the median 
being 49.5. A minimum of four students was used in one study (Seow, 2016) and a maximum of 571 students in another (Allen & Lukinbeal, 2011).   

4.3 How are concept maps created in geography education? 

4.3.1 Collaboration  

In every study, it was always made clear whether the students had created the concept maps on their own or had worked in pairs or groups. 
Most of the students created their maps on their own (28 articles, 70%), four times (10%) they worked in pairs or in groups, and in six cases (15%), 
these two methods of map creation were combined.  

4.3.2 Type of response mode (media)  
It was also noted in the studies whether the students created their concept maps using a pen and pencil (i.e. manually, on paper) or using 

software (i.e. digitally). More than half (25 articles, 62.5%) of the maps were drawn by hand, with a dozen articles (30%) indicating digital forms 
through software (e.g. cMapTools, Xmind, Inspiration). Once, students were provided with both manual and digital tools. 

4.3.3 Type of scaffolding  
The third aspect concerning the form of the maps was the level of scaffolding, meaning how independent or restricted the students were in 

their options and creations. Most articles adopted a low-directed mapping scaffolding (23 articles, 57.5%) because this guaranteed the learners 
the greatest autonomy. The others used medium-directed mapping (8, 20%) and high-directed mapping (5, 12.5%), where the demand for higher-
order thinking skills was supposedly decreased (Erdimez et al., 2017). Two studies (Eggert et al., 2016; Wehry et al., 2012) compared all three 
options, albeit coming to no conclusions, all options somewhat benefitting the students.  

4.3.4 Concept map topics  
The students had to visualise 41 unique geography topics in their concept maps. These could be divided into six categories, with physical 

geography being represented by almost half of them (18 articles, 43.9%). As can be seen in Table 2, topics related to education, human geography 
and technology and methodologies were the least common (all three 2, 4.9%). Climate change appeared six times, taking first place as the most 
common topic (Chin et al., 2010; Eggert et al., 2017; Oberman, 2023; Rebich & Gautier, 2005; Schuster et al., 2008; Sellmann et al., 2015). Some 
articles covered a broader topic, such as Europe (Chang et al., 2017) and geology (Englebrecht et al., 2005), whereas others focused on a specific 
location and phenomenon (Hwang & Chang, 2020). Through concept maps, Seow (2016) and Reitano and Green (2012) asked pre-service teachers 
to map their attitudes and understanding of what it took to teach geography. 

Researchers mostly (17, 42.5%) chose a concept map topic related to the content of the designed intervention that was in line with the 
curriculum the students at the time of the study usually covered with their teachers (e.g. Hwang & Chang, 2021; Vasconcelos et al., 2020). The 
concept map topics chosen for studies carried out in higher education institutions (11, 27.5%) were based on the content of the lectures and 
laboratory classes that were part of the relevant courses (e.g. Jeong et al., 2022; Morgan et al., 2022). The third group of authors (7, 14.5%) picked 
the topics in relation to the pedagogical problem being studied––for example, relational thinking in the case of Kardijk et al. (2019) and miscon-
ceptions in Yang and Wang (2013) and Sellman et al. (2015)––that were supposed to reveal the problem through the created maps. Five authors 
(Assarf & Orpaz, 2010; Bulunuz & Jarrett, 2009; Eggert et al., 2017; Endreny, 2010; Namdar & Shen, 2016) were more detailed in their reasoning 
behind the chosen topics.  

Table 2. Frequency of concept map topics assigned to students in articles 

Category  Topic frequency 
(n = 41) 

Topics 

Physical geography 18 (43.9%) Reasons for wind (3), rock cycle (2), Earth materials (2), moon phases (2), atmosphere (1), geology 
(1), ice (1), oceans (1), reasons for seasons (1), volcanoes (1), erosion (1), weathering (1), changing 
Earth (1), water cycle (1), Yehliu geology (1), soil formation (1), soil erosion (1) 

Man and environment 12 (29.3%) Climate change (6), ecosystem relationships (3), earthquakes (3), food chain (2), conservation of soil 
(1), sustainable tourism (1), conservation of parks (1), nuclear energy (1), carbon cycle (1), rain (1), 
landslide (1), solar radiation (1) 
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Regional geography 5 (12.2%) Life at the poles (1), Morocco (1), Europe (1), Jakarta (1), Rio de Janeiro (1) 

Human geography 2 (4.9%) Human geography (1), landmarks (1) 

Education 2 (4.9%) Geography education (2), environmental education (1) 

Technology and  
methodologies 

2 (4.9%) WebGIS (1), geospatial concepts (1) 

Note: Numbers indicate the frequency of mapping tasks for each topic, with an article possibly containing more than one mapping task topic.  

 

4.4 What positive effect does the use of concept maps in geography education have on students? 

The most mentioned advantage of concept maps was their potential to elicit student understanding of the studied topic (Allen & Lukinbeal, 
2011; Assaraf & Orion, 2005; Oda, 2016; Reitano & Green, 2012; Schuster et al., 2008; Sellmann et al., 2015; Seow, 2016; Walshe, 2008; Wehry 
et al., 2012) and to diagnose common misconceptions (Englebrecht et al., 2005; Gillies et al., 2015; Rebich & Gautier, 2005). In all these cases, 
however, the results were not compared with other methods of assessment, meaning the benefits of concept maps over traditional multiple-
choice tests were not supported, nor their reliability (Endreny, 2010).  

The second most-praised benefit of using concept maps was their ability to visualise, organise and integrate gained knowledge (Assarf & 
Orpaz, 2010; Chin et al., 2010; Hwang & Chang, 2021; Namdar & Shen, 2016; Oberman, 2023; Proctor & Bernstein, 2013; Renshaw & Wood, 2011; 
Romero et al., 2017; Stewart, 2012). During their geography classes (i.e. lectures, enquiry lessons, fields trips), the students worked with several 
types of data, texts and maps that provided them with new information that they had to piece together in order to obtain a complete picture of 
the problem at hand (Zimmerman et al., 2011). Through this process, the students could see the gaps in their knowledge and build a coherent 
knowledge structure (Eggert et al., 2017).  

In general, the findings in Bulunuz and Jarret (2009) and Smithwrick et al. (2018) showed that concept maps helped their students to learn 
about the chosen topic. Their creation was considered useful by many of the students (Romero et al., 2017; Stewart, 2012), and even enjoyable 
(Pontes-Pedrajas & Varo-Martínez, 2014). Through exchanging and examining their ideas, students working in groups produced higher-quality 
concept maps than those who worked independently (Chang et al., 2017; Kwon & Cifuente, 2007; Pontes-Pedrajas & Varo-Martínez, 2014). Alt-
hough the students preferred to work together (Namdar & Shen, 2016; Oliver, 2009), the results of this review indicate that students were assigned 
concept maps as part of group work less commonly.   

Engaging in concept mapping as an appropriate active learning approach (Morgan et al., 2022), students who typically performed lower in 
standardised testing saw it as an effective reading strategy (Marzetta et al., 2018) that helped them understand science expository texts and recall 
the read information (Morfidi et al., 2018). All students were improved in their scientific explanation and writing (Yang & Wang, 2013), providing 
support for integrating complex systems knowledge (Jeong et al., 2022).  

5. Discussion 

The findings of this review point to several roles of concept maps that can lead to gains in the learning process or in the analysis of learning 
outcomes The findings are in line with the outcomes of previous literature reviews (Hartmeyer et al.; 2018; Chang et al.; 2022; Machado & Car-
valho, 2020; Nesbit & Adescope, 2006). However, the advantages of the use of concept maps in geography and other science subjects, as stressed 
in this and the previous reviews, need to be viewed more critically, especially in light of the different formats and interventions they have been 
implemented through.  

It has been acknowledged in traditional concept mapping publications that, prior to using concept maps, the learners should become ac-
quainted with the theoretical background and practical aspects that come with this tool (Cañas et al., 2023). Learning how to properly construct 
concept maps is a crucial step. Without this skill, the product cannot fully reflect the learner’s knowledge (Schuster et al., 2008). Despite this, the 
students in Kardijk et al. (2019) and Proctor and Bernstein (2013) skipped this step, diving straight into the mapping activity. Nine other studies 
did not provide any details on such training and instruction (see Table 1). Roughly half of the studies indicated a little time was spent on training, 
but no feedback was given, such that the students could benefit from gaining more experience. Aware of this importance, six studies spent more 
time on training (Bulunuz & Jarrett, 2009; Chang et al., 2017; Kwon & Cifuentes, 2007; Oda, 2016; Oliver, 2009; Zimmerman et al., 2011), but only 
two additionally provided students with feedback (Rebich & Gautier, 2005; Romero et al., 2017). Upon seeing the produced concept maps, Walshe 
(2008) and Zimmerman et al. (2011) noted that some initial training, such as that outlined by O’Brien (2002), could have overcome the students’ 
lack of capability. Moreover, continuous feedback would have also been beneficial (Morgan et al., 2022). Applying these recommendations in the 
form of appropriately guided concept mapping sessions proved to be salutary in the case of Romero et al. (2017). Training pre- and in-service 
teachers should not be overlooked either because their knowledge concerning map assignments and the process of creation and analysis is the 
bedrock of successful implementation (Subramaniam & Harell, 2015). The last section of this paper refers to useful sources of inspiration for 
(potential) practitioners.   

In addition to initial training, researchers and students alike were aware of the time assigned to the activity being a factor that could restrict 
the students’ abilities in expressing their knowledge (Schuster et al. 2008; Vasconcelos et al., 2020). Some, however, believed that concept maps 
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could be used to quickly assess complex concepts in a short time (Allen & Barbour, 2016). In addition, the structure chosen in Oliver (2009) played 
a part in limiting the students’ efforts. The list of concepts they were provided with did not reflect their understanding of the topic and caused 
confusion. The scaffolding of the concept map (Hay et al., 2008) could thus be viewed as the third most important aspect, with a potentially 
negative effect, as well as being a factor in the research results achieved. The conclusions of previous studies have indicated that low-directed 
concept maps are most suitable for formative assessment (Hartmeyer et al., 2018) and for eliciting the mental models of the student, whereas 
providing lists of concepts is more appropriate for using concept maps in summative assessments (Cañas et al., 2023; Hay et al., 2008). From this 
review, it was apparent that low-directed mapping was chosen the most, although the type of scaffolding chosen depended on the aims of the 
learning or assessment, the time allocated for the concept mapping activity and the proficiency of the students in this activity. It is suggested that 
students first be introduced to fill-in-the-blank maps and then directed to progress toward maps built from scratch, which require more patience, 
cognitive load and time (Cañas et al., 2023; Hay, 2007; Ruiz-Primo & Shavelson, 1996). 

Quite striking is the fact that meaningful learning, which is supposed to be the primary benefit of concept mapping in any subject, was not 
maximised, as the inventors of the tool intended (Cañas et al., 2023). This can only be achieved by giving regular feedback and revising the product, 
which was only done in the studies by Chin et al. (2010), Hwang and Chang (2021) and Proctor and Bernstein (2013) (see Appendix B). In these 
cases, group discission, peer-assessment and self-assessment, respectively, helped the students reflect on their learning and make progress. Cañas 
et al. (2023), with years of experience in establishing concept maps in subjects across all levels of education, stressed the importance of changing 
the methodology used in class, which should be based on feedback, discussion and argumentation during construction. Their suggestions showed 
the possible road from individual to long-term mapping, which is linked to advantages in the learning process that are included in this article.  

One of the possible advantages linked to geographical education is Earth systems thinking or any aspect of geographical thinking. This, 
however, was only included in a handful of studies. All four domains of geographical thinking (Bendl et al., 2024), which should be the aim of 
geography lessons, can be found in the objectives of these articles. These included: the content dimension, fostered through key concepts, such 
as the interconnections that are the bedrock of the propositions in the concept maps (Assaraf & Orpaz, 2010; Assaraf & Orion, 2005); the proce-
dural dimension, evoked through a critical selection of the concepts involved, and decision-making while establishing connections and the map 
structure (Vasconcelos et al., 2020); factual knowledge, practiced by marking correct linking words and including examples (Renshaw & Wood, 
2011); and the affective domain that is displayed though the subjective nature of concept maps that brings forward student opinions during 
problem-solving (Kardijk et al., 2019). Future studies should cover all these domains at once to ultimately establish a strong link between concept 
maps and geographical education, as is suggested by this review. The aims of national geography curricula to equip students with systems and 
relational thinking (Ma & Lu, 2024) can be more efficiently achieved by being built on the premises of the results of this review. 

6. Conclusions 

This review reports on the numerous uses of concept maps in the context of geography education that were explored in the 40 articles. 
Most of these fell into the category of concept maps as an assessment tool. With these, the authors of the research wanted to test the knowledge 
and thinking of their students. Concept maps as a learning tool were used in 14 cases and the combination of both options was chosen five times. 
Supporting or analysing specific geographical skills, such as Earth systems thinking, or more general geographical thinking was present in less than 
one-fifth of the articles. The rest of the studies focused on more general pedagogical issues through a geography topic, and their results can be 
applied to other subjects as well.  

Authors whose goal was to explore aspects of geographical thinking explained their choice of concept maps as a learning and assessment 
tool on the grounds of the visualisation of relationships between the studied elements. They viewed the concept maps as a tool suitable for 
studying geography based on the understanding of interrelationships between systems of the natural and social phenomena of our world. Hence, 
they are supposed to be useful in fostering geographical thinking, particularly relational and Earth systems thinking. The research results, albeit 
small in number, showed that concept maps as visual tools are suitable for this task. Through these, students can see how the elements of Earth 
systems, such as the atmosphere and hydrosphere, are connected through the water cycle, and the pedosphere and biosphere through the carbon 
or rock cycles. The level at which students can see these links depends on their level of proficiency in concept mapping and the depth of the 
knowledge they have gained through learning and exploring. Through concept maps, they can do more than think as geographers, they can prac-
tice their digital literacy, teamwork, critical thinking, creativity and metacognition skills, which are important parts of the competency-based edu-
cation currently gaining global traction. The success of the implementation also lies in the hands of the teacher who needs to be well-trained and 
aware of the pitfalls of using concept maps as learning and assessment tools. Their experience with concept mapping can be seen as the next step 
in future research on concept maps in geography education.  

6.1 Limitations of the review study 

Although there was an attempt in this systematic review to capture all the important trends surrounding the research on concept maps in 
geography education, several limitations posed an obstacle to this aim. First, the research was limited to papers published between 2003 and 
2023, which may have excluded important topics published before 2003. Second, the records were screened and articles coded by only one 
researcher, which may have resulted in bias. To prevent this bias, or other possible human errors, more researchers may need to be included in 
the review process. However, this study was part of the author’s doctoral dissertation, which necessitated a single-author review. Third, the review 
included only articles published in English, which limited the number of studies from other countries, such as Brazil and the Baltic countries, where 
concept maps have a strong tradition. Fourth, the search for appropriate articles was restricted to the WoS and Scopus databases. Other options 
that include literature focused on pedagogical research, such as ERIC, psycINFO, psycARTICLES, EBSCO and Science Direct, were briefly looked at, 
but because many of the articles were duplicated, only the two broadest databases were fully interrogated. The last limitation concerns the 
systematic review methodology used in this work, which explored the topic from a rather more qualitative than quantitative perspective. Other 
literature review options include meta-analyses and bibliometric analysis, which have been applied to similar topics previously (e.g. Nesbit & 
Adescope, 2006; Chang & Yang, 2023). However, based on preliminary enquiry, coded data are not suitable for their purposes. 
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6.2 Implications of the results for geography teacher praxis 

Prior teacher preparation is necessary if the use of concept maps in their classes is to be meaningful, as is the case when implementing any 
new pedagogical methods in one’s lessons. Also, in acquiring the theoretical basics of concept mapping, they should get to practice making them 
as well (Moon et al., 2011; Subramaniam & Harell, 2015), using all types of response modes, mappers and formats and on multiple topics. To 
better guide the students, teachers must first experience the entire process on their own. This review includes articles that focused on pre-service 
teacher training (Bulunuz & Jarrett, 2009; Reitano & Green, 2012; Pontes-Pedrajas & Varo-Martínez, 2014; Seow, 2016), but only in the first one 
were the students properly trained and provided with feedback. This approach should represent the primary guidance for any teacher training in 
concept mapping. Once they have undergone similar instruction, they can be guided by Roberts (2023) in planning their geography lessons using 
concept maps. As the author points out, the use of concept maps is suitable for all stages of enquiry-based learning in geography, the teachers 
first need to choose the purpose of the maps and which learning outcomes they will support, and then decide on options from a spectrum of 
mapping activities for application. Therefore, concept maps can be paired with exercises that rely on geospatial technologies (Mašterová, 2023), 
both aiding in the visualisation of interconnections between geographical issues and topics. Including concept maps in the final stage of place-
based education (Endreny, 2010) can help students relate more general and abstract terms to places and issues they experience firsthand, such 
as watersheds in an urban setting. Other aspect lies in knowing how to analyse student work and to provide feedback, which can help pupils to be 
better concept mappers (Cañas et al., 2023). Several scenarios of how to handle this are available in a book by Anohina-Naumeca (2024), who 
integrated formative assessment into concept mapping activities to support the development of students’ structural knowledge. Assessing the 
maps can be done using marking guides (Won et. al, 2017), which can show both the teacher and student what parts of the map require revision 
and what misconceptions are present. To sum up, each teacher needs to find their own way of scaffolding the concept mapping activities, with 
the time available, learning materials, suitable topics, previous experience, and student needs in mind.  
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Appendix A 

Issues Dimensions Definition Coding items 

Interaction 
Roles of concept maps TA 

Describes the use of concept maps in the 
educational process 

Assessment tool, learning tool, both 

Advantages of concept maps TA 
Describes the positive effect of using con-
cept maps on students 

Cognitive (knowledge, skills), affective 

Application 

Type of response mode TA 
Describes the form of concept maps stu-
dents created 

Manual, digital, both 

Mapper Describes who created the concept maps Individually, in groups, both 

Format characteristics TA 
Describes what instructions for concept 
mapping the students were given 

Low-directed mapping, high-directed mapping, 
medium-directed mapping, mixed 

Topic of concept maps 
Describes the topic the students had to vis-
ualise 

Technology and methodologies, physical geogra-
phy, human geography, man and environment, 
education, regional geography 

Research Design methodology Describes the design of the research 
Experiments, quasi-experiments, non-experi-
ments 

 Types of data Describes the types of data collected Quantitative, qualitative, mixed method 

 Research foci TA Describes the aims of the research 

Cognition: learning achievement, conceptual 
change, collaboration, higher-order thinking per-
formance 
Affect: technology acceptance, attitude, self-effi-
cacy, self-assessment, satisfaction, cognitive load, 
motivation 

 Participants 
Describes the students who took part in the 
research 

Level of education according to the International 
Standard Classification of Education, mixed 

   Number of participants 

Note: If an article did not include information regarding the dimensions of the application issues, the code ‘not reported’ was assigned. Articles in which this code was 
used multiple times were approached more cautiously or excluded. 

  

https://www.eurogeojournal.eu/
https://doi.org/10.48088/ejg.v.piv.16.2.169.183
http://www.eurogeography.eu/


                                                                                                                                                                                      European Journal of Geography 2025, 16(2) ● p. 181 
 

https://doi.org/10.48088/ejg.v.piv.16.2.169.183   

Appendix B 

Signs of meaningful learning Learning Assessment Both 

NO – no feedback mentioned, no revi-
sion to maps 

Akbaş and Gençtürk (2011); Eg-
gert et al. (2017); Chang et al. 
(2017); Kardijk et al. (2019); 
Kwon and Cifuentes (2007); 
Namdar and Shen (2016); Pon-
tes-Pedrajas and Varo-Martínez 
(2014); Stewart (2012); Wehry et 
al. (2012); Yang and Wang (2013) 

Allen and Barbour (2016); Allen 
and Lukinbeal (2011); Endreny 
(2010); Englebrecht et al. (2005); 
Erdimez et al. (2017); Gillies et al. 
(2015); Jeong et al. (2022); Mar-
zetta et al. (2018); Oberman 
(2023); Oda (2016); Reitano and 
Green (2012); Sellmann et al. 
(2015); Seow (2016); Smithwick et 
al. (2018); Vasconcelos et al. 
(2020); Walshe (2008); Zimmer-
man et al. (2011) 

Assaraf and Orion (2005); Ol-
iver (2009) 

YES – students got feedback, but did 
not revise their maps 

Bulunuz and Jarrett (2009); 
Morfidi et al. (2018) 

Assaraf and Orpaz (2010); Schuster 
et al. (2008) 

Morgan et al. (2022) 

YES – prior knowledge tested, stu-
dents got feedback throughout the 
course on their research and thinking, 
but not related to concept maps 

  Rebich and Gautier (2005)   

YES – text aimed at meaningful learn-
ing and they revised their maps peri-
odically as they continued learning, 
no feedback mentioned 

Renshaw and Wood (2011)     

YES – text aimed at meaningful learn-
ing and they were given feedback on 
each map, but no revisions 

Romero (2017)     

YES* – students had previous experi-
ence with concept maps, all maps 
were revised based on group discus-
sions 

    Chin et al. (2010) 

YES* – students had previous experi-
ence with concept maps, got feed-
back regularly for each map, revised 
the previous maps and self-assessed 
their maps 

Proctor and Bernstein (2013)     

YES* – peer-assessment and revision 
of created concept maps 

    Hwang and Chang (2021) 

Note: *Article contains all signs of meaningful learning, as discussed in the article. 

References 

Åhlberg, M., & Ahoranta, V. (2002). Two improved educational theory based tools to monitor and promote quality of geographical education and 
learning. International Research in Geographical and Environmental Education, 11(2), 117-137. 
https://doi.org/10.1080/10382040208667475  

Akbaş, Y., & Gençtürk, E. (2011). The effect of conceptual change approach to eliminate 9th Grade high school students’ misconceptions about air 
pressure. Educational Sciences: Theory & Practice, 11(4), 2217-2222. https://files.eric.ed.gov/fulltext/EJ962696.pdf  

Allen, C. D., & Barbour, J. M. (2016). Geography by Rail®: A new twist on a romantic concept. Journal of Geography in Higher Education, 40(4), 479-
508. https://doi.org/10.1080/03098265.2016.1201801  

Allen, C. D., & Lukinbeal, C. (2011). Practicing physical geography: An actor-network view of physical geography exemplified by the rock art stability 
index. Progress in Physical Geography, 35(2), 227-248. https://doi.org/10.1177/0309133310364929  

Anohina-Naumeca, A. (2024). Concept map-based formative assessment of students’ structural knowledge. Cambridge Scholars Publishing.  
Assaraf, O. B. Z., & Orion, N. (2005.) Development of system thinking skills in the context of Earth system education. Journal of Research in Science 

Teaching, 42(5), 518-560. https://doi.org/10.1002/tea.20061  
Assaraf, O. B. Z., & Orpaz, I. (2010). The “Life at the Poles” study unit: Developing junior high school students’ ability to recognize the relations 

between Earth systems. Research in Science Education, 40(4), 525-554. https://doi.org/10.1007/s11165-009-9132-2 
Bendl, T., Marada, M., & Krajňáková, L. (2024). Breaking down the complexity of geographical thinking: A European perspective. Geography, 109(3), 

153-162. https://doi.org/10.1080/00167487.2024.2395178  
Bulunuz, N., & Jerrett, O. S. (2010). Understanding of Earth and space science concepts: Strategies for concept-building in elementary teacher 

preparation. School Science and Mathematics, 109(5), 276-289. https://doi.org/10.1111/j.1949-8594.2009.tb18092.x  
Bustin, R. (2019). Geography education’s potential and the capability approach: Geocapabilities and schools. Palgrave Macmillan.  

https://www.eurogeojournal.eu/
https://doi.org/10.48088/ejg.v.piv.16.2.169.183
http://www.eurogeography.eu/
https://doi.org/10.1080/10382040208667475
https://ucnmuni-my.sharepoint.com/personal/486654_muni_cz/Documents/04_Doktorát/04_Dizertačka/01_My%20texts/01_Review/.%20https:/files.eric.ed.gov/fulltext/EJ962696.pdf
https://doi.org/10.1080/03098265.2016.1201801
https://doi.org/10.1177/0309133310364929
https://doi.org/10.1002/tea.20061
https://doi.org/10.1007/s11165-009-9132-2
https://doi.org/10.1007/s11165-009-9132-2
https://doi.org/10.1080/00167487.2024.2395178
https://doi.org/10.1111/j.1949-8594.2009.tb18092.x


                                                                                                                                                                                      European Journal of Geography 2025, 16(2) ● p. 182 
 

https://doi.org/10.48088/ejg.v.piv.16.2.169.183   

Campelo, L. F., & Piconez, S. V. C. (2018). Concept mapping in Geography: A review of full papers in the area. Concept mapping: Renewing learning 
and thinking. Proceedings of the 8th International Conference on Concept Mapping, Medellín, Colombia 2018. 
https://cmc.ihmc.us/cmc2018papers/cmc2018-p9.pdf  

Cañas, A. J., Reiska, P., & Shvaikovsky, O. (2023). Improving learning and understanding through concept mapping. Knowledge Management & E-
Learning, 15(3). https://doi.org/10.34105/j.kmel.2023.15.021  

Chang, C.-C., Hwang, G.-J., & Tu, Y.-G. (2022). Concept mapping in technology-supported K-12 education: A systematic review of selected SSCI 
publications from 2001 to 2020. Journal of Educational Computing Research, 60(7), 1637-1662. https://doi.org/10.1177/07356331211073  

Chang, C.-C., Liu G.-Y., Chen, K. J., Huang, C.-H., Lai, Y.-M., & Yeh, T. K. (2017). The effects of a collaborative computer-based concept mapping 
strategy on geographic science performance in junior high school students. Eurasia Journal of Mathematics, Science and Technology Educa-
tion, 13(8), 5049-5060. https://doi.org/10.12973/eurasia.2017.00981a 

Chang, C., & Yang, J. C. (2023). Concept mapping in computer-supported learning environment: A bibliometric analysis. Interactive Learning Envi-
ronments, 31, 6678-6695. https://doi.org/10.1080/10494820.2022.2043385    

Chin, D. B., Dohmen, I. M., Cheng, B. H., Opezzo, M. A., Chase, C. C., & Schwartz, D. L. (2010). Preparing students for future learning with teachable 
agents. Educational Technology Research and Development, 58, 649-669. https://doi.org/10.1007/s11423-010-9154-5  

Conradty, C., & Bogner, F. X. (2012). Knowledge presented in concept maps: Correlations with conventional knowledge tests. Educational Studies, 
28(3), 341-354. https://doi.org/10.1080/03055698.2011.643100   

Cox, M., Elen, J., & Steegen, A. (2019). Systems thinking in geography: Can high school students do it? International Research in Geographical and 
Environmental Education, 28(1), 37-52. https://doi.org/10.1080/10382046.2017.1386413  

Davies, M. (2010). Concept mapping, mind mapping and argument mapping: What are the differences and do they matter? Higher Education, 62, 
279-301 (2011). https://doi.org/10.1007/s10734-010-9387-6  

Demssie, Y. N., Biemans, H. J. A., Wesselik, R., & Mulder, M. (2023). Fostering students’ systems thinking competence for sustainability by using 
multiple real-world learning approaches. Environmental Education Research, 29(2), 261-286. 
https://doi.org/10.1080/13504622.2022.2141692  

Department of Education (2013, September). Geography programmes of study: Key Stage 3. National curriculum in England. https://assets.pub-
lishing.service.gov.uk/media/5a7b8699ed915d131105fd16/SECONDARY_national_curriculum_-_Geography.pdf      

Eggert, S., Nitsch, A., Boone, W. J., Nückles, M., & Bögeholz, S. (2017). Supporting students’ learning and socioscientific reasoning about climate 
change—The effect of computer-based concept mapping scaffolds. Research in Science Education, 47, 137-159. 
https://doi.org/10.1007/s11165-015-9493-7  

Endreny, A. H. (2010). Urban 5th graders conceptions during a place-based inquiry unit on watersheds. Journal of Research in Science Teaching, 
47(5), 501-517. https://doi.org/10.1002/tea.20348  

Englebrecht, A. C., Mintzes, J. J., Brown, L. M., & Kelso, P. R. (2005). Probing understanding in physical geology using concept maps and clinical 
interviews. Journal of Geoscience Education, 53(3), 263-270. https://doi.org/10.5408/1089-9995-53.3.263  

Erdimez, O., Tan, S., & Zimmerman, R. (2017). The use of concept maps as a tool to measure higher level thinking skills in elementary school 
science classes. Journal for the Education of Gifted Young Scientists, 5(2), 1-20. https://dergipark.org.tr/tr/download/article-file/485988 

European Commission (n.d.). Causes of climate change. https://climate.ec.europa.eu/climate-change/causes-climate-change_en  
Garciá-Gonzáles, J. A., Gómez-Gonçalves, A., Gómez-Trigueros, I. M., & Sebastián, J. B. (2023). Geographic literacy in Spain with mental maps. 

Journal of Geography in Higher Education 47(1), 85-105. https://doi.org/10.1080/03098265.2021.2001643 
Gillies, R. M., Nichols, K., & Khan, A. (2015). The effects of scientific representations on primary students’ development of scientific discourse and 

conceptual understandings during cooperative contemporary inquiry-science. Cambridge Journal of Education, 45(4), 427-449. 
https://doi.org/10.1080/0305764X.2014.988681 

Gurlitt, J., & Renkl, A. (2010). Prior knowledge activation: How different concept mapping tasks lead to substantial differences in cognitive pro-
cesses, learning outcomes, and perceived self-efficacy. Instructional Science, 38(4), 417-433. https://www.jstor.org/stable/23372857   

Hartmeyer, R., Stevenson, M P., & Bentsen, P. (2018). A systematic review of concept mapping-based formative assessment processes in primary 
and secondary science education. Assessment in Education: Principles, Policy & Practice, 25(6), 598-619. 
https://doi.org/10.1080/0969594X.2017.1377685  

Hay, D. B. (2007). Using concept maps to measure deep, surface and non-learning outcomes. Studies in Higher Education, 32(1), 39-57. 
https://doi.org/10.1080/03075070601099432 

Hay, D. B., Kinchin, I., & Lygo-Baker, S. (2008). Making learning visible: The role of concept mapping in higher education. Studies in Higher Education, 
33(3), 295-311. https://doi.org/10.1080/03075070802049251   

Heffron, S. G., & Downs, R. M. (2012). Geography for life: National geography standards (2nd ed.). National Council for Geographic Education. 
https://ncge.org/wp-content/uploads/2021/06/Geography_for_Life_2ndEd.pdf  

Hwang, G.-J., & Chang, S.-C. (2021). Facilitating knowledge construction in mobile learning contexts: A bi-directional peer-assessment approach. 
British Journal of Educational Technologies, 52(1), 337-357. https://doi.org/10.1111/bjet.13001  

International Geographical Union (IGU). (2016, August 24). International charter on geographical education. https://www.igu-cge.org/wp-con-
tent/uploads/2019/03/IGU_2016_eng_ver25Feb2019.pdf 

Jeong, S., Elliott, J. B., Feng, Z., & Feldon, D. F. (2022). Understanding complex ecosystems through an agent-based participatory watershed simu-
lation. Journal of Science Education and Technology, 31, 691-705. https://doi.org/10.1007/s10956-022-09987-8   

Jones, M. (Ed). (2017). The handbook of secondary geography. Geographical Association.  
Karkdijk, J., van der Schee, J., & Admiraal, W. F. (2019). Students’ geographical relational thinking when solving mysteries. International Research 

in Geographical and Environmental Education, 28(1), 5-21. https://doi.org/10.1080/10382046.2018.1426304  
Kinchin, I. M., Hay, D. B., & Adams, A. (2000). How a qualitative approach to concept map analysis can be used to aid learning by illustrating 

patterns of conceptual development. Educational Research, 42(1), 43-57. https://doi.org/10.1080/001318800363908  
Kwon, S. Y., & Cifuentes, L. (2009). The comparative effect of individually-constructed vs. collaboratively-constructed computer-based concept 

maps. Computers & Education, 52(2), 365-375. https://doi.org/10.1016/j.compedu.2008.09.012  
Lambert, D. (2017). Thinking geographically. In M. Jones (Ed.), The handbook of secondary geography (1st ed.) (pp. 20-29). Geographical Associa-

tion.  

https://www.eurogeojournal.eu/
https://doi.org/10.48088/ejg.v.piv.16.2.169.183
http://www.eurogeography.eu/
https://cmc.ihmc.us/cmc2018papers/cmc2018-p9.pdf
https://doi.org/10.34105/j.kmel.2023.15.021
https://doi.org/10.1177/07356331211073
https://doi.org/10.12973/eurasia.2017.00981a
https://doi.org/10.1080/10494820.2022.2043385
https://doi.org/10.1007/s11423-010-9154-5
https://doi.org/10.1080/03055698.2011.643100
https://doi.org/10.1080/10382046.2017.1386413
https://doi.org/10.1007/s10734-010-9387-6
https://doi.org/10.1080/13504622.2022.2141692
https://assets.publishing.service.gov.uk/media/5a7b8699ed915d131105fd16/SECONDARY_national_curriculum_-_Geography.pdf
https://assets.publishing.service.gov.uk/media/5a7b8699ed915d131105fd16/SECONDARY_national_curriculum_-_Geography.pdf
https://doi.org/10.1007/s11165-015-9493-7
https://doi.org/10.1002/tea.20348
https://doi.org/10.5408/1089-9995-53.3.263
https://doi.org/10.5408/1089-9995-53.3.263
https://climate.ec.europa.eu/climate-change/causes-climate-change_en
https://doi.org/10.1080/03098265.2021.2001643
https://doi.org/10.1080/0305764X.2014.988681
https://www.jstor.org/stable/23372857
https://doi.org/10.1080/0969594X.2017.1377685
https://doi.org/10.1080/03075070601099432
https://doi.org/10.1080/03075070802049251
https://ncge.org/wp-content/uploads/2021/06/Geography_for_Life_2ndEd.pdf
https://doi.org/10.1111/bjet.13001
https://www.igu-cge.org/wp-content/uploads/2019/03/IGU_2016_eng_ver25Feb2019.pdf
https://www.igu-cge.org/wp-content/uploads/2019/03/IGU_2016_eng_ver25Feb2019.pdf
https://doi.org/10.1007/s10956-022-09987-8
https://doi.org/10.1080/10382046.2018.1426304
https://doi.org/10.1080/001318800363908
https://doi.org/10.1016/j.compedu.2008.09.012


                                                                                                                                                                                      European Journal of Geography 2025, 16(2) ● p. 183 
 

https://doi.org/10.48088/ejg.v.piv.16.2.169.183   

Lane, R., Carter, J., & Bourke, T. (2019). Concepts, conceptualization, and conceptions in geography. Journal of Geography, 118(1), 11-20. 
https://doi.org/10.1080/00221341.2018.1490804  

Leat, D., & Chandler, S. (1996). Using concept mapping in geography teaching. Teaching Geography, 21(3), 108-112. https://www.jstor.org/sta-
ble/23754230  

Ma, C., & Lu, X. (2024). The impact of teaching geographical causal diagrams on students’ geographical interrelationship thinking. Journal of Ge-
ography, 123(2-3), 32-56. https://doi.org/10.1080/00221341.2024.2367443   

Machado, C. T., & Carvalho, A. A. (2020). Concept mapping: Benefits and challenges in higher education. Journal of Continuing Higher Education 
68(1), 38-53. https://doi.org/10.1080/07377363.2020.1712579  

Marzetta, K., Mason, H., & Wee, B. (2018). ‘Sometimes they are fun and sometimes they are not’: Concept mapping with English language acqui-
sition (ELA) and gifted/talented (GT) elementary students learning science and sustainability. Educational Sciences, 8(1), 13. 
https://doi.org/10.3390/educsci8010013  

Mehren, R., & Rempfler, A. (2022). Assessing systems thinking in geography. In T. Bourke, R. Mills, & R. Lane (Eds.), Assessment in geographical 
education: An international perspective (pp. 31-54). Springer. 

Mašterová, V. (2023). Learning and teaching through inquiry with geospatial technologies: A systematic review. European Journal of Geography, 
14(3), 42-54. https://doi.org/10.48088/ejg.v.mas.14.3.042.054  

Moon, B., Hoffman, R. R., Novak, J., & Cañas, A. (2011). Applied concept mapping: Capturing, analysing, and organizing knowledge. CRC Press.  
Morfidi, E., Mikropoulos, A., & Rogdaki, A. (2018). Using concept mapping to improve poor readers’ understanding of expository text. Education 

and Information Technologies, 23, 271-286. https://doi.org/10.1007/s10639-017-9600-7  
Morgan, J. D., Eddy, B., & Coffey, J. W. (2022). Activating student engagement with concept mapping: A web GIS case study. Journal of Geography 

in Higher Education, 46(1), 128-144. https://doi.org/10.1080/03098265.2020.1852200  
Naeem, M., Ozuem, W., Howell, K., & Ranfagni, S. (2023). A step-by-step process of thematic analysis to develop a conceptual model in qualitative 

research. International Journal of Qualitative Methods, 22. https://doi.org/10.1177/16094069231205789  
Namdar, B., & Shen, J. (2016). Intersection of argumentation and the use of multiple representations in the context of socioscientific issues. 

International Journal of Science Education, 38(7), 1100-1132. https://doi.org/10.1080/09500693.2016.1183265  
Nesbit, J. C., & Adescope, O. O. (2006). Learning with concept and knowledge maps: A meta-analysis. Review of Educational Research, 76(3), 413-

448. https://doi.org/10.3102/003465430760034  
Novak J. D. (2005). Results and implications of a 12-year longitudinal study of science concept learning. Research in Science Education, 35, 23-40. 

https://doi.org/10.1007/s11165-004-3431-4  
Novak, J. D., & Cañas, A. J. (2006). The theory underlying concept maps and how to construct and use them. Technical Report IHMC CmapTools 

2006-01. Institute for Human and Machine Cognition. https://cmap.ihmc.us/docs/pdf/TheoryUnderlyingConceptMaps.pdf 
Novak, J. D., & Gowin, D. B. (1984). Learning how to learn (1st ed.). Cambridge University Press.   
Oberman, R. (2023). Creativity, curiosity and catharsis: Positive emotions in climate change education through picturebooks. Environmental Edu-

cation Research, 30(11), 2031-2056. https://doi.org/10.1080/13504622.2023.2286940  
O’Brien, J. (2002). Concept mapping in geography. Teaching Geography, 27(3), 126-128. https://www.jstor.org/stable/23756499   
Oda, K. (2016). Concept maps as a tool to analyse college students’ knowledge of geospatial concepts. Review of International Geographical Edu-

cation Online, 6(2), 176-189. https://dergipark.org.tr/en/download/article-file/590366 
Oliver, K. (2009). An investigation of concept mapping to improve the reading comprehension of science texts. Journal of Science Education and 

Technology, 18, 402-414. https://doi.org/10.1007/s10956-009-9157-3  
Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, 

R., Glanville, J., Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., … & Moher, D. (2021). The 
PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Systematic Reviews, 10: 89. 
https://doi.org/10.1186/s13643-021-01626-4   

Pontes-Pedrajas, A., & Varo-Martínez, M. (2014). Educative experience of the use of concept mapping in science and environmental teacher 
training programmes. Journal of Teacher Education for Sustainability, 16(1), 102-116. https://doi.org/10.2478/jtes-2014-0006  

Proctor, J. D., & Bernstein, J. (2013). Environmental connections and concept mapping: Implementing a new learning technology at Lewis & Clark 
College. Journal of Environmental Studies and Sciences, 3, 30-41. https://doi.org/10.1007/s13412-013-0109-0  

Rebich, S., & Gautier, C. (2005). Concept mapping to reveal prior knowledge and conceptual change in a mock summit course on global climate 
change. Journal of Geoscience Education, 53(4), 355-365. https://doi.org/10.5408/1089-9995-53.4.355  

Reitano, P., & Green, N. C. (2012). The value of concept mapping in developing professional growth in a geography methods course. International 
Journal of Multiple Research Approaches 6(2), 160-174. https://doi.org/10.5172/mra.2012.6.2.160  

Renshaw, S., & Wood, P. (2011). Holistic understanding in geography education (HUGE) – An alternative approach to curriculum development and 
learning at Key Stage 3. Curriculum Journal, 22(3), 365-379. https://doi.org/10.1080/09585176.2011.601656  

Roberts, M. (2023). Geography through enquiry. Approaches to teaching and learning in secondary school (2nd ed.). Geographical Association.  
Romero, C., Cazorla, M., & Buzón, O. (2017). Meaningful learning using concept maps as a learning strategy. Journal of Technology and Science 

Education, 7(3), 313-332. https://doi.org/10.3926/jotse.276  
Ruiz-Primo, M. A., & Shavelson, R. J. (1996). Problems and issues in the use of concept maps in science assessment. Journal of Research in Science 

Teaching, 33(6), 569-600. https://doi.org/10.1002/(SICI)1098-2736(199608)33:6%3C569::AID-TEA1%3E3.0.CO;2-M  
Schuster, D. A., Filippelli, G. M., & Thomas, C. W. (2008). Secondary students’ subject matter representations of climate change. Journal of Geo-

science Education, 56(4), 307-316. https://doi.org/10.5408/secondary_students_subject_mat  
Sellmann, D., Liefländer, A. K., & Bogner, F. X. (2015). Concept maps in the classroom: A new approach to reveal students’ conceptual change. 

Journal of Educational Research, 108(3), 250-257. https://doi.org/10.1080/00220671.2014.896315  
Seow, T. (2016). Reconciling discourse about geography and teaching geography: The case of Singapore pre-service teachers. International Re-

search in Geographical and Environmental Education, 25(2), 151-165. https://doi.org/10.1080/10382046.2016.1149342   
Smithwick, E., Baxter, E., Kim, K., Edel-Malizia, S., Rocco, S., & Blackstock, D. (2018). Interactive videos enhance learning about socio-ecological 

systems. Journal of Geography, 117(1), 40-49. https://doi.org/10.1080/00221341.2017.1374433  

https://www.eurogeojournal.eu/
https://doi.org/10.48088/ejg.v.piv.16.2.169.183
http://www.eurogeography.eu/
https://doi.org/10.1080/00221341.2018.1490804
https://www.jstor.org/stable/23754230
https://www.jstor.org/stable/23754230
https://doi.org/10.1080/00221341.2024.2367443
https://doi.org/10.1080/07377363.2020.1712579
https://doi.org/10.3390/educsci8010013
https://doi.org/10.48088/ejg.v.mas.14.3.042.054
https://doi.org/10.1007/s10639-017-9600-7
https://doi.org/10.1080/03098265.2020.1852200
https://doi.org/10.1177/16094069231205789
https://doi.org/10.1080/09500693.2016.1183265
https://doi.org/10.3102/003465430760034
https://doi.org/10.1007/s11165-004-3431-4
https://cmap.ihmc.us/docs/pdf/TheoryUnderlyingConceptMaps.pdf
https://doi.org/10.1080/13504622.2023.2286940
https://www.jstor.org/stable/23756499
https://dergipark.org.tr/en/download/article-file/590366
https://doi.org/10.1007/s10956-009-9157-3
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.2478/jtes-2014-0006
https://doi.org/10.1007/s13412-013-0109-0
https://doi.org/10.1007/s13412-013-0109-0
https://doi.org/10.5408/1089-9995-53.4.355
https://doi.org/10.5172/mra.2012.6.2.160
https://doi.org/10.1080/09585176.2011.601656
https://doi.org/10.3926/jotse.276
https://doi.org/10.1002/(SICI)1098-2736(199608)33:6%3C569::AID-TEA1%3E3.0.CO;2-M
https://doi.org/10.5408/secondary_students_subject_mat
https://doi.org/10.1080/00220671.2014.896315
https://doi.org/10.1080/10382046.2016.1149342
https://doi.org/10.1080/00221341.2017.1374433


                                                                                                                                                                                      European Journal of Geography 2025, 16(2) ● p. 184 
 

https://doi.org/10.48088/ejg.v.piv.16.2.169.183   

Solem, M., & Boehm, R. G. (2018). Research in geography education: Moving from declarations and road maps to actions. International Research 
in Geographical and Environmental Education, 27(3), 191-198. https://doi.org/10.1080/10382046.2018.1493896  

Stevenson, M. P., Hartmeyer, R., & Bentsen, P. (2017). Systematically reviewing the potential of concept mapping technologies to promote self-
regulated learning in primary and secondary science education. Educational Research Review, 21, 1-16. 
https://doi.org/10.1016/j.edurev.2017.02.002  

Stewart, M. (2012). Joined up thinking? Evaluating the use of concept-mapping to develop complex system learning. Assessment & Evaluation in 
Higher Education, 37(3), 349-368. https://doi.org/10.1080/02602938.2010.534764  

Subramaniam, K., & Harrell, P. E. (2015). An analysis of prospective teachers’ knowledge for constructing concept maps. Educational Research, 
57(3), 217-236. https://doi.org/10.1080/00131881.2015.1050845  

Trahorsch, P., Bláha, J. D., & Ryčlová, K. (2022). Conceptual mapping of geography textbook content on the example of the desert biome. European 
Journal of Geography, 13(4), 45-64. https://doi.org/10.48088/ejg.p.tra.13.4.045.064    

Vasconcelos, C., Ferreira, F., Rolo, A., Moreira, B., & Melo, M. (2010). Improved concept map-based teaching to promote a holistic Earth system 
view. Geosciences, 10(1), 8. https://doi.org/10.3390/geosciences10010008  

Walshe, N. (2008). Understanding students’ conceptions of sustainability. Environmental Education Research, 14(5), 537-558. 
https://doi.org/10.1080/13504620802345958  

Wehry, S., Monroe-Ossi, H., Cobb, S., & Fountain, C. (2012). Concept mapping strategies: Content, tools and assessment for human geography. 
Journal of Geography, 111(3), 89-92. https://doi.org/10.1080/00221341.2011.604094  

Won, M., Krabbe, H., Ley, S. L., Treagust, D. F., & Fischer, H. E. (2017). Science teachers’ use of a concept map marking guide as a formative 
assessment tool for the concept of energy. Educational Assessment, 22(2), 95-110. https://doi.org/10.1080/10627197.2017.1309277  

Yang, H.-T., & Wang, K.-H. (2013). A teaching model for scaffolding 4th Grade students’ scientific explanation writing. Research in Science Educa-
tion, 44, 531-548. https://doi.org/10.1007/s11165-013-9392-8      

Zimmerman, R., Maker, J. C., Gomez-Arizaga, P. M., & Pease, R. (2011). The use of concept maps in facilitating problem solving in Earth science. 
Gifted Education International, 27(3), 274-287. https://doi.org/10.1177/026142941102700305  

 

 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of EUROGEO and/or the editor(s). EUROGEO and/or the editor(s) disclaim responsibility for any injury to people or 
property resulting from any ideas, methods, instructions, or products referred to in the content. 

https://www.eurogeojournal.eu/
https://doi.org/10.48088/ejg.v.piv.16.2.169.183
http://www.eurogeography.eu/
https://doi.org/10.1080/10382046.2018.1493896
https://doi.org/10.1016/j.edurev.2017.02.002
https://doi.org/10.1080/02602938.2010.534764
https://doi.org/10.1080/00131881.2015.1050845
https://doi.org/10.48088/ejg.p.tra.13.4.045.064
https://doi.org/10.3390/geosciences10010008
https://doi.org/10.1080/13504620802345958
https://doi.org/10.1080/00221341.2011.604094
https://doi.org/10.1080/10627197.2017.1309277
https://doi.org/10.1007/s11165-013-9392-8
https://doi.org/10.1177/026142941102700305
https://eurogeojournal.eu/index.php/egj/index

