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RESEARCH ARTICLE

Scaffolding geospatial epistemic discomfort: a pedagogical 
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ABSTRACT
Current environmental crises call for an integrated knowledge of 
landscapes and their ecosystems in a broader sense. This article 
presents a pedagogical framework for cross-disciplinary landscape 
research at postgraduate level. The framework is grounded in the 
use of geospatial epistemic discomfort as a creative force to 
develop and enhance inquiry skills able to cross and merge disci-
plinary boundaries. Developed within the Erasmus+ KA2 project 
“CROSSLAND”, the pedagogical framework is based on the scaffold-
ing of epistemic discomfort through four key didactic elements: 1) 
cross-disciplinary group work and open-ended assignment, 2) in- 
field inquiry as pre-training on space-time, 3) replacement of tradi-
tional lectures by student-led seminars, 4) GIS labs centred on the 
exploration of cross-disciplinary portfolios of geospatial approaches 
and methods given as worked-out examples. Main results from the 
evaluation of the framework implementation in a Summer School 
show how learning cross-disciplinarity happened thanks to 
a scaffolding that allowed, first and foremost, the socialisation of 
different conceptualisations of space. While students felt at ease 
with geospatial epistemic discomfort, we can conclude that spatial 
cognitive processes are powerful in improving abilities beyond the 
spatial domain.
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Introduction

Geospatial thinking allows crossing and transcending disciplinary boundaries since 
the conceptual understanding of the spatial dimension is common to most disciplines 
(Hawkey et al., 2019). Through spatial thinking, disciplines can be accessed and 
merged to acquire new knowledge. If we use geospatial cognition as a pedagogical 
tool, students can develop the ability to move between a variety of disciplinary modes 
and languages, learning to recognise that diverse epistemologies of the spatial co-exist 
(Bearman et al., 2016; Goodchild & Janelle, 2010), thus making sense of the complex-
ity of our reality and the multiple ways to investigate it (Elwood & Wilson, 2017; 
Mathews & Wikle, 2019).

In this paper, we present a pedagogical framework for cross-disciplinary landscape 
research, grounded on scaffolding geospatial epistemic discomfort as a creative force in 
student-centred active learning. The framework was developed within the project 
“CROSSLAND. A new cross-disciplinary framework for studying the landscape over the 
long term” (hereafter CROSSLAND) and tested during a Summer School for postgrad-
uate and PhD students in 2022. The experience of the participants (both students and 
tutors) is presented here, together with reflections on lessons learnt, setting the stage for 
the work ahead.

Designing discomfort in the third space: the CROSSLAND summer school

Student-active learning (Barrineau et al., 2019; Bolander, 2001; Castellanos-Reyes, 2020; 
O’Neill & McMahon, 2005) helps develop students´ understanding of the real world 
through direct exploration, engagement, interactions and negotiations with peers.

Among the many active-learning approaches, the inquiry-based method enables 
students to develop conceptual understanding and reasoning skills by exploring the 
complexity of real-world connections, in an independent and open-ended process in 
which the students themselves lead the inquiry in terms of research question, hypothesis 
and methodology to adopt (Houser et al., 2017; Landenberger et al., 2006; Song & 
Schwenz, 2013). For its own critical and self-driven explorative nature, inquiry-based 
learning is considered particularly suitable for the development of geographic education 
(Passon & Schlesinger, 2019). Inquiry-based learning may thus lead to the development 
of critical thinking, high-level questioning and the discovery of new knowledge 
(Lazonder & Harmsen, 2016; Pedaste et al., 2015) on the interconnections between the 
physical and socio-cultural environment in their spatial dimensions. Conversely, such 
intellectual freedom may create a feeling of discomfort, rising from the frustration and 
anxiety felt by the students over the lack of structure and instructions that geography 
courses based on student-active and inquiry-based pedagogy usually have (Spronken- 
Smith et al., 2008). However, such discomfort may be a transformative and productive 
force (Houwer, 2011). Pedagogies of discomfort intentionally challenge students´ per-
ceptions, knowledges and “ontological security” (Clayton et al., 2023, p. 4), embedding 
the tensions derived from crossing epistemic borders within an inclusive learning 
environment that supports such tensions as creative. Navigating discomfort, in other 
words balancing the students´ freedom to explore with the amount of guidance to 
provide, is however a delicate task. CROSSLAND focused on how we could scaffold 
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geospatial epistemic discomfort so to allow it to become a creative force in enhancing 
cross-disciplinary research skills. By scaffolding, we mean the design of course content 
and material in a way that they fall within a learner’s Zone of Proximal Development 
(ZPD, Vygotsky, 1978). The ZPD refers to learning objectives out of reach of an 
independent novice learner, but that can be successfully reached with instructional 
support.

The intended learning objectives of our “pedagogy of discomfort” were:

(1) Develop a personal identity as a cross-disciplinary researcher, gaining the ability 
to formulate research questions bridging disciplinary divides;

(2) Gain a deeper understanding of spatial conceptualisations;
(3) Develop cognitive skills to move easily from conceptualisation to 

operationalisation.

We thus designed a Didactic Unit in the form of an intensive 7-day Summer School for 
postgraduate and PhD students, by purposefully scaffolding four “significant didactic 
facts” (Godino et al., 2019, p. 151):

● Cross-disciplinary group work and open-ended assignments. Students are 
divided into cross-disciplinary groups and given an open-ended assignment on 
a given study area: Use geospatial analysis to conduct research on a topic of your 
own choice for the study area X.

● In-field inquiry as pre-training on space-time. The School begins with a one-day 
hiking trip to explore the assigned study area. Tutors and local experts act as 
facilitators, accompanying students through the exploration of landscape different 
temporal and socio-cultural elements, letting them develop spatial questions that 
would then be addressed as group assignment.

● Student-led seminars replace traditional lectures. Every morning students discuss 
papers provided in advance by the tutors (selected and scaffolded to be the theore-
tical support to each afternoon GIS Lab) and selected by the students themselves on 
the last day of the seminar activities. Each seminar includes both fish-bowl con-
versations and plenary discussions.

● Cross-disciplinary “portfolios” of geospatial approaches and methods. During 
each afternoon GIS lab, students are given a new portfolio of geospatial approaches 
and techniques, in the form of a short presentation by the tutors and a collection of 
worked-out examples (Howarth, 2015) with open-source GIS software, which they 
can use as supportive material to develop their group project work. These “portfo-
lios” are cross-disciplinary and show the students how different disciplines utilise 
geospatial analysis to investigate the spatial dimension of landscape, its spatiotem-
poral dimension and its contextual dimension (as different methods to investigate 
space co-exist, thus different conceptualisations and interpretations of space co- 
exist).

The Didactic Unit was tested in the Summer School “Cross-disciplinary spatial 
approaches to study long term landscape dynamics”, which took place in Santiago the 
Compostela on July 4th- 10th, 2022. The Summer School, a 3-credit module, consisted of 
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6 hours of fieldwork, 6 hours of seminars and 25 hours of project work/GIS labs 
(Annex 1). The assigned study area was the city of Santiago the Compostela and its peri- 
urban surroundings (Figure 1). A basic dataset on the case study area was given to the 
students as well.

The format of the Summer School was chosen as the embodiment of the third 
space, a liminal and in-between space outside disciplinary departments´ frames 
and their fixed curricula, allowing the transgression of disciplinary boundaries and 
our re-positionality as producers of cross-disciplinary knowledge (Tremonte,  
2011). Furthermore, its short duration allows students and tutors from different 
locations worldwide to gather in Santiago for one week. The School attracted 23 
students, selected by the partner universities through an open call. Requirements 
were basic literacy in GIS and a broad interest in landscape research. The 
participants had different backgrounds, nationalities, and mixed levels in their 
academic path (12 Master’s students and 11 PhD candidates). Moreover, the 
Summer School had a tutoring staff consisting of two experts in GIS and remote 
sensing in forestry, landscape ecology, and ecology; two experts in landscape 
archaeology and spatial digital humanities; two experts in geodesy, photogram-
metry, and machine learning; two experts in GIScience and pedagogy; two experts 
in historical geography and remote sensing.

Figure 1. Field excursion on Monte Pedroso to explore the assigned case study area. Cartographic data 
derived from PNOA 2020 and MDS05, CC-BY, Spanish National Cartographic System, scne.Es.
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Methodology

The Summer School was evaluated using the phenomenography approach (Marton,  
1981, 1986; Marton & Booth, 1997; Marton et al., 1997; McGrath et al., 2021; 
Mimirinis & Ahlberg, 2020; Öhrstedt & Scheja, 2018).

As an epistemological approach, phenomenography assumes that important learning 
in higher education happens during the cognitive transition process from preconceptions 
of phenomena to their improved understanding (Marton et al., 1997). Each person 
experiences phenomena in qualitatively different ways, having different understandings 
of these phenomena and assigning to them diverse meanings. By examining students´ 
qualitative perceptions of the learning experience is thus possible to reach insights into 
learning as a cognitive process, both at the individual and group level. In phenomeno-
graphy, the research focus is centred at the group level, but it is reached through a first 
analysis of the meanings that individual students attribute to their learning experience. 
These individual meanings are grouped into categories, by marking meaningful utter-
ances in interview transcripts that reveal students´ qualitative perceptions of the learning 
process. Bringing together these individual quotes at the group level will develop further 
the meaning of the categories and determine “the pool of meanings” (Marton et al., 1997, 
p. 42) used to analyse the learning process happening within the group as a whole. At this 
level the phenomenographic analysis is thus iterative, being focused on the “pool of 
meanings” that help better understand the qualitative dynamics of learning, while taking 
into account now both the individual and the group contexts where the attribution of the 
meaning of the learning experience took place.

In CROSSLAND, data were collected in two different rounds: a focus group discussion 
immediately after the Summer School and a semi-structured questionnaire sent via email 
to all participants seven months after the end of the School. Both collection rounds 
featured questions about students´ perceptions of learning outcomes and which elements 
of the School most contributed to these, as well as recommendations for improvements. 
The questionnaires (Annex 2) were designed to trace the learning steps by drawing out 
meanings behind students´ affirmations. The authors carried out the analysis of 
responses first individually, and then met to compare groupings of meanings and 
summaries of the main themes emerging, translated into categories that describe stu-
dents´ perceptions.

Once the analysis of the students´ responses was concluded, the project working group 
reflected as well on their perceived experience of the Summer School.

Students´ perceptions of. . .

. . . the learning outcomes

Results from the phenomenography analysis of the Summer School (SS) show that the 
participants overall were satisfied with the course, feeling to have been intellectually 
stimulated and challenged. The most important learning outcome perceived by the 
participants was the awareness that geospatial analysis can open up to cross- 
disciplinary thinking. The students felt that this awareness opens up new, multiple, and 
more complex conceptualisations of space. Among all the different components of the SS, 
the participants perceived that the project work in their cross-disciplinary groups 
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contributed the most to their learning, and felt very frustrating at the beginning, but 
highly rewarding at the end. The most controversial feature of the Summer School 
structure was the student-led morning seminars, some students liked it, others not. 
The categories of description resulting from the phenomenography analysis are elabo-
rated in detail below, with some excerpts from respondents to illustrate key aspects of 
their conceptions.

Participants stated that they learned how to communicate with colleagues from other 
disciplines and different academic backgrounds. The result was a better understanding of 
different perspectives and research approaches, while at the same time reaching, as one 
student wrote, “a broader way of thinking about geospatial and landscape analysis”. The 
capability of geospatial analysis as a research approach to cross-disciplinarity collabora-
tion was new and unexpected for the participants. At the same time, it facilitated creative 
work and allowed for the development of new ideas. In parallel, once reached a “cross- 
disciplinary mindset”, participants perceived they learnt to read spatial analysis research 
critically.

The second most important learning outcome perceived by the participants was the 
understanding that multiple conceptualisations of space can co-exist at once, as commen-
ted by several students: “Experiencing and knowing that my colleagues conceptualise space 
and spatial analysis in a different manner than I do was eye-opening”, “The biggest takeaway 
was a change in perspective (. . .)to address spatial analysis taking in consideration multiple 
variables and aspects”. Together with this ability to conceptualise the multiplexity of space 
and the acquisition of new ways to investigate such multiple complex reality, came the 
ability to combine different methods and data to address specific research questions: 
“Before the summer school it was a bit challenging to conceptualise the relationship between 
different landscape components, now this is something that can be done”.

. . . the course structure

The element of the Summer School perceived by the participants to have contributed the 
most to their learning outcomes was the group work done during the afternoon GIS labs. 
While working on their common group research project, the students perceived to have 
learnt different perspectives on approaches to geospatial analysis and specific techniques 
by directly integrating them into practice: “I see the potentiality of bringing together people 
with and from different backgrounds in GIS and landscape analysis”. Participants learned 
how to manage a project with colleagues from different backgrounds, knowledge and 
research expectations: “It was an interesting challenge to find a common objective and 
method approach that utilises everyone’s expertise in a good way”, and specific techniques 
by directly integrating them into practice. “Precious” was both the freedom and inde-
pendence given to the students in leading their learning process through the group 
project work, and the presence of “super available” tutors to discuss approaches and 
methodologies, or to solve more direct technical issues. The GIS labs were “a more 
general and mind-broadening learning experience”, “very frustrating at the beginning but 
at the end, when we finally got some results, was quite rewarding”, where participants 
learned above all that the choice of methods or approaches depends entirely on the 
research questions.
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Opinions on the effectiveness of the student-led seminars varied. Some of the parti-
cipants did not find the morning seminars helpful in reaching new learning outcomes. 
Some students perceived the seminars as too theoretical “meta-discussions concerning 
cross-disciplinary aspects of spatial analysis”. Participants were interested in practical 
work and the finalisation of their group project work: “Less seminars, more labs and 
more time to work on the project work”. However, the students who found the morning 
seminars useful to the learning outcomes thought they were “very educational [. . .] it 
helped me approach spatial analysis from different points of view and provide theoretical 
frameworks”. It was particularly during the student-led seminars that participants experi-
enced and thus understood that “my colleagues conceptualise space and spatial analysis in 
different ways”, “a realisation which was important for the group project”.

Student-led seminars were also perceived as difficult due to group dynamics 
“Colleagues were pushing the discussion to their own field” but, similarly, they “forced 
people to take a look at something that they probably would never know by themselves”. 
The effectiveness of the seminars relied on the student active-learning approach, as one 
student commented: “If the morning seminars had not been student-led, I would not have 
read [the papers] as carefully”. Accordingly, the seminar the participants liked the most 
was the one in which they had to choose the papers to discuss.

The last “significant didactic fact” of the Summer School was the field activity. 
According to most students, the one-day hiking trip through the study area contributed 
only minimally to their learning: “Generally speaking, I have learned more in the class-
room”. However, students perceived they specifically learnt during the field activity how 
spatial patterns change over time, and that the “once obvious” divide between cultural and 
natural landscape “during the day got more fuzzy and ended with me thinking that 
everything was just cultural landscape”. Thanks to the field excursion, participants felt 

Figure 2. Intellectual interconnection and interdependence when doing applied cross-disciplinary 
research adopting geospatial inquiry methods.
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they began reflecting on space as a multiple and complex reality, finding the excursion 
useful in this regard: “I learned that people from different disciplines experience and see the 
landscape differently”.

Concluding discussion

In CROSSLAND, three elements of inquiry intersect: cross-disciplinary epistemologies, 
spatiotemporal methods of analysis and visualisation, and a thematic focus on human- 
environmental change expressed through the landscape (Figure 2).

The various intersections of these elements identify questions of broad intellectual 
merit that transcend the place and time of a single field school. How do cross- 
disciplinary applications of spatial-temporal methods enrich our understanding of 
the human-environmental change? What are the similarities and differences in the 
ways different disciplines conceptualise space and change? What are the limits to 
current spatial-temporal methods for supporting cross-disciplinary studies of land-
scape change? And perhaps most immediately, how can educators help students 
navigate the intrinsic difficulty and epistemic discomfort induced when exploring 
these kinds of questions?

Through the work done in CROSSLAND, we framed a pedagogical approach 
grounded in scaffolding geospatial epistemic discomfort as a creative force to develop 
abilities in cross-disciplinary research. One student summarised the course saying: 
“I have learned more in a week than in a whole semester”. This general learning objective 
was achieved when students worked in a cross-disciplinary group of peers, where they 
first had to agree on a common (spatial) research interest and then negotiate with their 
colleagues the geospatial methods and data to use to pursue their commonly agreed 
research project. This process was supported by a set of parallel activities (geospatial 
inquiry in the field and critical thinking around papers). The phenomenography assess-
ment of students´ learning steps suggests that they achieved a cognitive understanding of 
space as a multiple and complex reality, that can be approached and investigated through 
combined perspectives and methods. These results let us conclude that the initial fore-
seen learning outcomes of our pedagogical framework (cf. p.4) have been reached 
through the way in which we designed the Summer School. Its combination of theoretical 
discussions (student-led seminars) and practical labs for the group exploration of geos-
patial approaches and techniques portfolios worked very well, as the students developed 
a range of hypotheses centred on the use of space as a concept and geospatial analysis as 
functional toolsets to address their research questions. Most importantly, learning in 
cross-disciplinarity happened thanks to a scaffolding that allowed, first and foremost, the 
socialisation of different conceptualisations of space. The way students´ groups initially 
conceptualised the spatial problem of choice affected the way they designed the solution, 
but this entire cognitive process had been moulded through a conceptualisation of space 
happening within a cross-disciplinary dimension. Such observation leads us to notice 
how improvements in spatial cognitive processes can improve abilities beyond the spatial 
domain (Cortes et al., 2022). The case represented by CROSSLAND may thus lead to the 
educational hypothesis that curricula designed to foster spatial cognition might yield 
transfer to cognitive abilities that go beyond the spatial domain. Furthermore, 
CROSSLAND, with a focus on the spatial dimension as starting point to expand into 
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cross-disciplinarity mindset, may provide relevant contributions to understanding how 
far inquiry approaches alone can support learning. The results of our project provide 
evidence that the didactic trajectory we designed (scaffolding epistemic discomfort 
through moments of inquiry, cooperative and dialogic work, and moments based on 
knowledge transmission, as with the “portfolios” of worked-out examples) can support 
mixed instructional models, able to overcome the dichotomy between inquiry-based and 
transmission-based theories of learning.

We observed some limitations as well, which can be translated as improvements in the 
scaffolding of a future Summer School: 1) a better connection between the data and what 
is “outside” the data in a real research context, emphasising more the importance of 
combining fieldwork, expert knowledge and spatial analysis (e.g. through community- 
based research); 2) a reduction of the cognitive load in the students, with the morning slot 
to prefer for lab work, while afternoon sessions better dedicated for student-led discus-
sions around papers.

The framework developed in CROSSLAND remains fully human-centred, while 
improvements must be done also at theoretical level, with at least the inclusion of climate, 
water and animal ecology as active agents in landscape processes.
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