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In successful geoinformatics education, students’ active role in the Received 2 March 2022
learning process, e.g. through applying self-assessment, show an Accepted 7 June 2023
increasing interest but the evidence of benefits and challenges of self-
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assessment are sporadic. In this article, we examine the usefulness of an Formative assessment: GIS:
online self-assessment tool developed for geoinformatics education. self-efficacy; summative
We gathered data in two Finnish universities on five courses (n = 11-73 assessment; self-regulated
students/course) between 2019 and 2021. We examined 1) how the learning

students’ self-assessed knowledge and understanding in geoinfor-
matics subject topics changed during a course, 2) how the competen-
cies at the end of a course changed between the years in different
courses, and 3) what was the perceived usefulness of the self-
assessment approach among the students. The results indicate support
for the implementation of self-assessment, both as a formative and
summative assessment. However, it is crucial to ensure that the stu-
dents understand the contents of the self-assessment subject topics. To
increase students’ motivation to take a self-assessment, it is crucial that
the teacher actively highlights how it supports their studying and
learning. As the teachers of the examined courses, we discuss the
benefits and challenges of the self-assessment approach and the
applied tool for the future development of geoinformatics education.

Introduction

A common approach to teaching in higher education is constructive alignment, which is
based on the theory of constructivism, and the idea that assessment in teaching should be
aligned with the intended learning outcomes (Biggs & Tang, 2011). A learner actively
constructs their knowledge in the learning process, and interprets the concepts being
discussed through schemata, or mental models that they hold. This, in turn, means that
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in order for learning to happen, the learners must be central, active participants in the
learning process.

Self-assessment is a core approach that supports constructive learning (Andrade,
2019). Self-assessment refers to a range of acts where the students describe, evaluate,
and sometimes monitor their competence, the learning process, and its outcome (Brown
& Harris, 2013; Epstein et al., 2008; Panadero et al., 2016). Thus, the student evaluates
their abilities to understand specific concepts and perform specific tasks, their own
learning methods, motivation and efficiency, and the products (such as exercise outputs)
they have created during a learning activity (Andrade, 2019). Partly, the self-assessment
reflects the student’s self-efficacy; in social learning theory, self-efficacy is a key concept
in cognitive theory and refers to the learner’s beliefs in their abilities, e.g. abilities to
understand specific concepts and perform tasks (Bandura, 1977). Self-efficacy further
influences the learner’s choices and their actual performance (Bandura, 1977).
Motivation is an individual’s state-of-mind that is based on motives and leads to a goal-
oriented behaviour (e.g. Heckhausen & Heckhausen, 2018).

Previous studies suggest that the general purpose of self-assessment is to provide
feedback, both for the student and the teacher, on the learning and performance in order
to promote them through adjustments in the process (Andrade, 2009, 2019). A large
number of studies have been conducted on self-assessments as a method to increase self-
efficacy, enhance motivation, target learning activities, and to assess learning outcomes
(Colthart et al., 2008; Knight, 2020; Nikou & Economides, 2016; Panadero et al., 2017;
Yan et al., 2020). Self-assessment results are also known to be good indicators for the
teacher of the learners’ motivation and their satisfaction with a learning activity
(Sitzmann et al., 2010). However, Colthart et al. (2008) note that a notable number of
studies have not reached a level of sufficient methodological rigor to be considered as
solid evidence regarding the benefits of self-assessments. Most studies have compared the
self-assessed learning outcomes to the results based on external standards, mainly as
a part of the assessment at the end of a learning event (Colthart et al., 2008). Also, the
practice and implementation of self-assessment in didactic geoinformatics education is
sporadic (Colthart et al., 2008).

Geoinformatics, or geospatial and GIScience skills, are taught at the higher education
institutions within several science curricula, such as Geography and different fields of
technologies and engineering (Mathews & Wikle, 2019). Geoinformatics addresses
student’s abilities to collect, manage, analyse, and disseminate geospatial data, along
with their ability to use location technologies and geographical information systems
(GIS) in various sectors of the society, where location intelligence in decision-making is
critical. Typical application fields are surveying, positioning, remote sensing, geospatial
analytics and modelling, web-mapping, and cartography (Goodchild, 2009; Mathews &
Wikle, 2019).

Successful geoinformatics education combines theoretical understanding and practi-
cal skills in such a way that students feel that their proficiency about the substance
increases. This enables students to handle more demanding challenges in geospatial data
management, analysis, and problem solving; each time, attaining a higher level in
professional competence by actively constructing their knowledge and understanding.
Students’ constructivist learning and competency-based curriculum development have
become cornerstones in geoinformatics education (e.g. Prager & Plewe, 2009).
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Developing competence is linked to self-efficacy, which is a central emotional driver of
learning (Bandura, 1977). It consists of the learner’s case-specific beliefs and assessment
of their capabilities as a learner (Bandura, 1986). Due to the rapid development of the
geoinformatics field and diversification within the geospatial application fields in society,
it has become necessary to diversify the pathways through which students become more
active in recognizing relevant skills and taking a self-directing role in building their
personal growth as experts (Gong et al., 2017; Mathews & Wikle, 2019). Therefore,
adding elements of self-assessment into the syllabus of the courses has potential to
promote students’ own perception of and reflection on their geoinformatics skills devel-
opment, and for developing teaching in the field.

The role of self-assessment in teaching and learning geoinformatics, or any other
subject, depends on whether it is implemented as a part of formative or summative
assessment (e.g. Andrade, 2019). For the student, self-assessment at the beginning or in
the middle of a learning activity, i.e. as a form of the formative assessment, helps them
focus on learning activities and increases their motivation (Andrade, 2019; Colthart et al.,
2008; Khoiriyah et al.,, 2015). Formative self-assessment of the learning process is an
integral component of self-regulated learning (Zimmerman & Schunk, 2011). Self-
regulated learning is a key concept in educational psychology, and refers to learning
that is driven by the learner’s metacognition (thinking about one’s thinking), their own
strategic actions, and motivation to learn (Zimmerman, 1989). This positive impact of
formative self-assessment on learning has also been demonstrated in higher-education in
geography (Thompson et al., 2005). Moreover, previous studies suggest that when
a formative self-assessment is introduced to students as a tool for improving their own
learning, its results are somewhat consistent with the assessments of teachers (e.g. Bol
et al., 2012; Chang et al., 2013; Lopez & Kossack, 2007).

Ideally, self-assessment at the end of a learning event, i.e. as a form of a summative
assessment, gives insights into the individual learner’s learning process and the learning
outcomes directly related to the learning objectives (Bourke, 2016). It also aims at
prompting learners to self-reflect and increase their self-efficacy (Panadero et al,,
2017). Previous studies indicate that summative self-assessments have only a moderate
relationship with cognitive learning, i.e. self-assessed and teacher-assessed learning out-
comes do not have a strong correlation (e.g. meta-analysis by Sitzmann et al., 2010).
Indeed, Andrade (2019) argues that self-assessments should rather be formative, since its
main purpose is to support the learning process.

The increase in remote learning (i.e. e-learning), boosted by the COVID-19 pandemic,
sets new demands for both students and teachers. Our experience suggests that major
changes in the teaching arrangements occured done in geoinformatics courses. These
have had dramatic impacts on communication, along with the role and form of teacher
and peer support with hands-on exercises. However, the impact of these changes on
students’ learning has not yet been studied, and the results of objective summative
assessments at the end of a course provide evidence of only one aspect of the learning
process, the outcome, or products. Hence, it is important to study the impact of the
pandemic-enforced changes in teaching geoinformatics. Previous studies also suggest
that the role of self-assessment for supporting learning increases in remote learning
(Chilton & McCracken, 2017; Cook & Dupras, 2004; Gong et al., 2017; Khogali et al.,
2011). This implies that not only is self-assessment a means to examine the pandemic’s
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impact on geoinformatics learning, but it may also be necessary for the students when
they need to take a more active role in motivating, timing and monitoring their work.

In this article, our overall aim is to examine how a simple, easily accessible online self-
assessment tool supports students’ learning in and developing geoinformatics teaching in
in higher education. Our case stems from the use of a Self-Assessment Tool, developed
within Geoportti, the national hub for geospatial research and academic education
resources in Finland. Within five different geoinformatics courses that ran two times
(except one course that ran one time) between 2019 and 2021, we asked students to
perform a self-assessment of knowledge and understanding of different subject topics in
geoinformatics. This data allows demonstration of the type of data gathered with the Self-
Assessment Tool and the possibilities to analyse it. We also gathered students’ experi-
ences on the impact of the self-assessment on their studying and learning processes.
Based on this data, our objectives in this article are:

(1) to examine changes in self-assessed knowledge and understanding in geoinfor-
matics subject topics during a course (between the initial and final assessment);

(2) to examine how the students’” self-assessed knowledge and understanding in
geoinformatics subject topics at the end of the course changed between years in
different courses (based on the final self-assessment); and

(3) to examine the perceived impacts of the use of the Self-Assessment Tool on
students’ studying and the learning processes.

The second research objective also deals with the potential effects of COVID-19 on one of
the courses. Based on our empirical data, we discuss our experiences as teachers on the
benefits and challenges of self-assessment for developing teaching in geoinformatics.

Methods
Geoportti self-assessment tool

The Self-Assessment Tool was developed in 2019 when Geoportti, the Hub for Finnish
Geospatial Research and Education Resources (https://geoportti.utu.fi/), was co-designed
and created by the country’s leading universities and research institutions engaged in
geospatial research and education. Geoportti is an open research infrastructure consist-
ing of several online accessible research and learning services for Finnish geospatial
scientists. The Self-Assessment Tool is one of Geoportti’s Skills Development and
Innovation Services, and was designed to support students in their self-assessment of
their knowledge of specific geoinformatics subject topics and teachers in teaching
geoinformatics. The design of the Tool was done at the University of Turku (UTU),
Department of Geography and Geology, and coding was implemented by the UTU IT
Services using WordPress.

The original idea behind the Geoportti Self- Assessment Tool was to develop nationally
applicable surveys that cover different aspects of geoinformatics in higher education and
accumulate longitudinal information. The Self-Assessment Tool can be easily adjusted in
terms of topic contents (e.g. drone image acquisition, neighbourhood analysis, carto-
graphic visualisation) and to support learners at multiple performance levels (basic,
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advanced, expert). Teachers can use existing self-assessments available in Geoportti, or
they can create new ones that cover specific learning objectives and course contents. One
of the initially planned practical applications of the Tool was to guide students to self-
assess their knowledge and understanding related to diverse subject topics and content
prior to the course, and then repeat the self-assessment at the end of the course. Hence, it
was aimed at giving feedback and supporting the learning process both as a formative and
summative assessment (Andrade, 2019). Taking a self-assessment was expected to
encourage students to reflect upon their learning and to promote their learning self-
efficacy (Panadero et al., 2017). The anonymous results can also be utilised by the teacher
to assess and improve the learning experience (Andrade, 2019).

The Self-Assessment Tool gathers all data anonymously. At the beginning of a self-
assessment, the student decides whether to consent to storing their answers into
a separate, secure database hosted at UTU (Figure 1) or not. While users can take the
assessment without allowing their data to be stored, only stored data, including answers
to background questions (age, gender, profession, discipline, sector, level of education,

for geoportti self-

users 1 ‘
Concent
data
storage
BACKGROUND QUESTIONS
otaptic of h et vy s llowed.
Age group
et
D0 you sccepthe serage ofyourrestts? © yes © o
= Background
questions
RATE YOUR SKILLS IN EACH OF THE EIGHT THEMES 3
confidence (1) 1o high confidence (). mpletaly unfamilarwith the theme, piease
selctthe 0o . e 3
a5t why you selected the specif ) Self-
assessment "
8' questions o
1. The ole o geoinformatics inthe society | —
i
thesociety.
tow tigh confdence
s competly ol with the toic
Results

summary

2 Structure of geospatial data, metadata and data qualty

sodity

Figure 1. Flowchart of the Geoportti self-assessment Tool from the users’ perspective. 'Nine questions
for the UEF geoinformatics advanced course (“Advanced”).
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and an optional course identifier; Figure 1), can be accessed and downloaded by the
teacher.

By default, each self-assessment has a teacher-defined number of subject topics
(default eight), that cover the main contents of a specific course. Each subject topic
includes a short written description to help the respondent assess their knowledge and
understanding (Figure 1). Students are asked to evaluate their own knowledge and
understanding in each subject topic using an ordinal scale from low (1) to high knowl-
edge and understanding (5) (https://geoportti.utu.fi/; Figure 1). An additional option,
Completely unfamiliar (0), is included in case the respondent feels that the topic is
completely new. The subject topics are formulated in a way that a student primarily
assesses their knowledge and understanding of specific concepts or tasks (c.f. Andrade,
2019), not the learning process or its products (Figure 1). In addition, each self-
assessment subject topic includes a text box where the student has an option to express
their thoughts on why they chose a specific score (Figure 1). The optional comments may
reveal some aspects of the student’s learning process or its products (c.f. Andrade, 2019).
After submitting their self-assessment, the student receives a summarised page of their
results, including a spider graph (Figure 1), that compares the student’s scores to the
average scores of other respondents. The summarised page can be exported as a PDF
document. Teachers can download the data of a group of students (e.g. based on a course
identifier) as a spreadsheet document. Results can be compared at the group level
between self-assessments made at the beginning and at the end of a course, or between
years and courses (Figure 2).

Learning objectives and self-assessments of examined geoinformatics courses

We gathered data between 2019 and 2021 in two Finnish universities, at the University of
Turku (UTU) and at the University of Eastern Finland (UEF) within three Bachelor’s and
one Master’s level courses in geography (Table 1). Each course was held by the same
lecturer during the timeframe of this research. We examined self-assessments from
a basic-level geoinformatics course that aims at introducing the role of geoinformatics
in research and society, basic concepts, different sources of geospatial data, GIS methods
and cartographic visualisation (referred to as the “Basic” course later in the text; imple-
mented at UTU in 2020 and UEF in 2020 and 2021). We also examined data from two
intermediate-level courses that build upon the basic-level course. The first intermediate-
level course is dedicated to the introduction to remote sensing, including its physical
basis, Earth observation data, image processing methods, visualisation of multi-spectral
data and Earth observation’s role in research (referred to as the “Remote sensing” course,
implemented at UTU in 2019 and 2020). The second intermediate-level course deepens
the students” understanding of geoinformatics, i.e. data structures, data production and
advanced geospatial and GIS methods (referred to as the “Advanced” course, implemen-
ted at UEF in 2019 and 2020). In addition, we examined one Master’s level specialisation
course on geoinformatics in the context of participatory spatial planning, introducing
related fields and approaches, specialised tools and methods, and ethics and data protec-
tion (referred to as the “Participatory mapping” course, implemented at UTU in 2019
and 2021).
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Initial self-assessment Final self-assessment
Student 1
T4 T3 T4 T3

T2 T2
T5
T1

T5

T1

T7
Student 2

T8

Figure 2. The spider graph results from the Geoportti self-assessment Tool for three exemplary
students in the “geoinformatics advanced course” (UEF 2019) show the change in their self-
assessed knowledge and understanding in nine subject topics during the course. Acronyms T1-9
refer to the nine subject topics of the self-assessment (Table 2). For example, the scores of student 1
had generally increased, except for subject topic T9 that had decreased by one unit. Note that, unlike
a default self-assessment with eight subject topics, this assessment had nine topics. Also, note that the
scales of the graphs vary based on the maximum score (4 or 5) of an individual evaluation, and display
the actual output from the Tool.
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The learning objectives of the examined geoinformatics courses were developed
separately in each university’s public curriculum (UTU: 2018-2020 and 2020-2022;
UEF: 2018-2021), which are generally in effect for 2-3 years. The learning objectives
were developed either by the lecturer of the course, or by the group of the local
geoinformatics teaching staff. Generally, the curricula for these five geoinformatics
courses (four of which were Bachelor’s level courses) emphasised methodological learn-
ing objectives (factual, conceptual and procedural knowledge) and lower-order cognitive
skills (remembering, understanding and applying; Anderson & Krathwohl, 2001).
Appendix 1 gives a full description of the learning objectives and course contents of
each course.

The lecturer adopted these curriculum-based learning objectives for designing
the course structure and learning activities each time the course was held, and
introduced them to the students at the beginning of the course. Generally, the
courses were divided into subject topics, each covering one part of the methodo-
logical content described in the learning objectives. Each subject topic usually
corresponded to one of the methodological learning objectives, including the skills
to remember concepts related to the method and understand and apply it

Table 2. The subject topics of the examined self-assessments in brief. See Appendix 1 for detailed
descriptions.

Title of self-assessment (course acronym)

2. Remote
sensing of the

1. Basics in environment® 4. Participation, spatial
Subject geoinformatics® (Remote 3. Geoinformatics advanced course® planning and GIS
topic (Basic) sensing) (Advanced) (Participatory mapping)
T Role of Physical basis of Data: attributes, databases, queries  Definitions and
geoinformatics remote differences between
in society sensing terms
T2 Geospatial data Remote sensing  Data: digitization, data modification Application fields and
structure, systems, data, approaches
metadata, data resolutions
quality
T3 Projections Photogrammetry Data: satellite navigation systems,  Participation and
RTK-GPS, remote sensing planning
T4 Coordinate and Geometric and  GIS workflow and its sketching Ethical issues
height systems atmospheric
corrections
T5 Basics of remote Image Geometric properties calculation, Tools and approaches for
sensing processing data classification data collection
methods
T6 Satellite navigation Image Neighbourhood and overlay Sampling approaches
systems, GPS classification analyses
methods
17 GIS software Active and close- Spatial interpolation theory and Data management and
range remote practice protection
sensing
T8 Cartography, maps, Remote sensing Network and cost-efficiency Spatial and non-spatial
data applications analyses, uncertainties, analysis methods
visualisation geographically weighted
regression (GWR)
(T9) Data visualisation, thematic maps

%In Finnish: Geoinformatiikan perusteet.
®In Finnish: Kaukokartoitusmenetelmat.
“In Finnish: Geoinformatiikan jatkokurssi.
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independently. The learning activities for each subject topic typically included
a theoretical lecture, introduction to a practical assignment, and self-paced learn-
ing with the practical assignment. Students synthesised their outcomes from the
assignment to a report, which was evaluated by the teacher.

Each of the examined courses utilised a self-assessment created for the purposes of
the course (Table 2, Appendix 1). The intention was that the self-assessments are
general enough to be applied in the courses at different universities and by indivi-
duals outside the courses. Thus, the subject topics were not directly copied from the
curricula of individual universities.

Since the authors of this paper were involved in the development of the Geoportti
infrastructure, the self-assessments that were utilised in this study were mainly designed by
the responsible teacher of the course, and the same self-assessment was used each time the
course was held. The self-assessments for the “Basic” course were developed earlier by
a former responsible teacher at UTU and used in the subsequent courses at UTU and UEF.

The self-assessments, subject topics reflected the course content, and therefore, mainly
reflected the intended learning objectives with lower-order cognitive skills and factual,
conceptual, and procedural knowledge (Anderson & Krathwohl, 2001). The self-
assessment subject topics were formulated as intended learning outcomes, using the
learner’s voice. They followed a style that was previously designed for Geoportti self-
assessments, often beginning with “I am familiar with ... ”, “I know ... ”, or “I under-
stand ... ”. For all except the Participatory mapping course, the subject topics presented
in Appendix 1 are English translations from the original Finnish self-assessments.

Data collection

In most courses, the students took the self-assessment at the beginning and at the end of
the course. At UEF, we were able to match the initial and final self-assessment results for
the purposes of this study by requesting students to upload their results to the course
learning management system as a part of the course’s mandatory tasks. We assigned
pseudonymisation codes for the data. For the UEF courses, the responses were analysed
only for those students who took both the initial and the final self-assessments. For all
courses, corrupted and late returns were excluded from the analyses.

In addition, after finishing the self-assessment at the end of the course, perceived
impacts of the use of the Self-Assessment Tool on studying and learning among students
were assessed for all courses except the UTU Bachelor-level courses. The students (n =
205) were asked to fill in an online Webropol survey, which included two questions that
students were advised to respond briefly in their own words. These questions were:
“Reflect on how the use of the Self-Assessment Tool affected your studying during the
course.” and “Reflect on how the use of the Self-Assessment Tool affected your learning
during the course.” With these two questions, we aimed to understand how the self-
assessment was linked to studying-related aspects, such as self-efficacy, motivation, or
targeting learning activities (Colthart et al., 2008; Knight, 2020; Nikou & Economides,
2016; Panadero et al., 2017; Yan et al., 2020), and on the other hand, how it contributed to
learning and performance (Andrade, 2009, 2019). In addition, the same background
questions were asked as in the Geoportti self-assessment.
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Analysis

First, in order to analyse how the student’s overall self-assessed knowledge and under-
standing in geoinformatics subject topics changed during the course, the UEF results of
the initial and final self-assessments were compared at the individual level. We compared
the numeric change in the initial and final self-assessment scores for each course across
the years to analyse the positive, negative or no changes in the self-assessed knowledge
and understanding. Based on the frequencies and means of the self-assessment scores, we
identified the subject topics with highest and lowest scores in the initial and final self-
assessments, and which of the subject topics had the largest or smallest increase during
the course. Additionally, we read the written descriptions given by the students in
relation to the different subject topics. Only some students described the reasons for
a specific score and the written responses were few. In particular, the students with
a positive trend in their response scores between the initial and final self-assessments
rarely left comments, thus making it impossible to obtain a consistent analysis.

Secondly, for all courses, we used the final self-assessment results to analyse the students’
self-assessed knowledge and understanding in geoinformatics subject topics at the end of the
course, and how it had changed between two years for different groups of students. We
calculated each student’s median score, and examined the distribution of the median scores
over the course group to compare courses and years. Moreover, the remote sensing course at
UTU offered a chance to examine the influence of changes to teaching methods, made in
response to the COVID-19 pandemic, to students’ self-assessed knowledge and understand-
ing. We examined the impact of the transformation of a supervision and peer support-
intensive course to an entirely online learning-based course (20 students in 2019 and 34
students in 2020). The changes included a shift from classroom lectures to remote and pre-
recorded lectures, from classroom guidance with course assignments to reduced and online
guidance, and a distinct reduction in group work and peer support. The role of continuous
assessment in the course evaluation also increased slightly, thus requiring the students to put
continuous effort toward the course. In addition, we compared the final self-assessed knowl-
edge and understanding in individual course subject topics for all courses, aiming at identify-
ing topics where students were the most or least confident or where their confidence varied the
most or least. This was done by examining the distribution of scores for each subject topic. The
data allowed us to examine changes in each subject topic from one year to another.

Finally, to study the students’ perceptions on the impacts of utilising the Self-
Assessment Tool, the responses written by the students regarding the two questions
addressing impacts on studying and learning processes were treated with an inductive
content analysis. The responses were repeatedly read, and the most typical impacts that
emerged from the responses were identified and coded in a data table in Excel. This was
done for each question separately. The coding was refined iteratively. This meant that
first, 40 responses were coded and thereafter discussed by three different researchers
prior to coding the entire data, which was performed by one researcher. Descriptive
statistics were calculated for the diverse impacts, and statistical tests were performed with
the Pearson Chi square test to identify associations between the impacts of utilising the
Self-Assessment Tool (no impact, negative impact, or positive impact) and the respon-
dents’ background variables of gender, main study field (geography or non-geography),
and level of education (Bachelor’s or Master’s).
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Results

Changes in self-assessed knowledge and understanding in geoinformatics subject
topics during a course

As expected, the majority of the UEF geoinformatics students (74.2-85.1%) showed
a positive change in their self-assessed knowledge and understanding between the initial
and final assessments in relation to each subject topic across the years (Tables 3, A1). No
change in knowledge and understanding was observed for 13.7-21.5% of students. Both
of these change trends were more common in the Basic courses than the Advanced
courses. The assessment scores also indicate that some students (1.2-4.9%), particularly
in the Advanced course, showed a negative trend in knowledge and understanding.

Overall, there were no gender differences in the number of positive or negative change
trends (Table A2). Regarding the students with no change in knowledge and under-
standing during a course, the proportion of females was clearly smaller than that of males
(~2-7% less depending on the year), except in the Advanced course in 2019. Their self-
assessed knowledge and understanding during a course varied more between students
who had geography as their main field of study (or not). In the case of a negative change,
the majority of students were non-geographers in the Basic 2021 courses and the
Advanced 2019 courses, but they were geographers in the Basic and Advanced courses
in 2020 (Table A2). Among the students indicating no change in knowledge and under-
standing, geographers were the majority in Basic courses both years, but non-
geographers were the majority in Advanced courses both years (Table 1).

The subject topic with the highest increase in self-assessed knowledge and under-
standing between the initial and final self-assessments differed each year, while the topics
with the lowest increase were consistent (Table 4). The subject topics with the largest
increases in self-assessed knowledge and understanding included geospatial data struc-
ture, metadata, and data quality (T2) and GIS software (T7) in the Basic course; GIS
workflow and its sketching (T4) and network and cost-efficiency analyses, uncertainties,
and GWR (T8) in the Advanced course. The subject topic with the smallest increase was
the role of geoinformatics in the society (T1) in the Basic course, and data visualisation
and thematic maps (T9) in the Advanced course (Table 4), as the students who evaluated
their knowledge and understanding in that subject topic rated their knowledge of this
area as very high in the initial self-assessment, so there was little room for further
improvement of the rating.

Table 3. Change (the proportion of students with positive changes, no changes,
or negative changes) in their self-assessed knowledge and understanding in
geoinformatics subject topics between the initial and final self-assessments in
the basic and advanced courses at UEF. See Table A1 for the frequencies of the
self-assessment scores related to each subject topic in each course.

Positive (%) No change (%) Negative (%)
Basic 2020 81.4 14.6 4.0
Basic 2021 85.4 13.7 1.2
Advanced 2019 74.2 215 43

Advanced 2020 77.2 17.9 49
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Table 4. The subject topic where the students had the highest and lowest self-assessed knowledge
and understanding in the initial and final assessments in the Basic and Advanced courses at UEF. The
acronyms of the subject topic are explained in Table 2 (i.e. Tn). Each self-assessment subject topic is
mentioned briefly when first mentioned.

Subject topics specific self-assessed knowledge and understanding

Final: Highest/

Course Initial: Highest/lowest lowest Most increase Least increase
Basic 2020 T8 (Cartography, maps, data T8/T5 T2 (Geospatial data T1 (Role of
visualisation)/T5 (Basics of structure, metadata, geoinformatics
remote sensing) data quality) in the society)
Basic 2021 T8/T5 T8/T5 T7 (GIS software) T1 and T3
(Projections)
Advanced T9 (Data visualisation, thematic T9/T6 T4 T9
2019 maps)/T4 (GIS workflow and its  (Neighbourhood
sketching) and overlay
analyses)
Advanced T9/T8 (Network and cost-efficiency T9/T6 T8 T9
2020 analyses, uncertainties, GWR)

In the Basic course, the written descriptions indicated that the self-assessments with
a negative trend were associated with certain subject topics, such as familiarity with GIS
software (T7; three students in 2021), projections (T3; four students in 2020), and
cartographic communication, maps and data visualisation (T8; four students in 2020).
Descriptions also highlighted the role of the student’s primary field of study. For
example, two minor subject students raised the fact that despite having become familiar
with the GIS software and analyses, they did not yet feel that they were experts in
applying the software. In the Advanced course, six subject topics had individual (1-3
students) reports of decreased self-assessed knowledge and understanding. The written
descriptions revealed that in the case of some students, the negative trend was due to not
understanding the subject topic descriptions in detail. In some cases, the written descrip-
tions were also contradictory to the scores given.

Self-assessed knowledge and understanding in geoinformatics subject topics at
the end of the course and changes between years in different courses

Across all courses and subject topics, the median self-assessed knowledge and under-
standing at the end of the course was 4 (Figure 3). The shape of the score distribution was
similar for all Basic courses, with a notable peak at score 4, a low frequency of scores 2
and 5 and an intermediate frequency of score 3 (Figure 3a,b). At UEF in 2021, the
frequency of the highest scores (5) was notably lower, and the frequency of score 3 higher
than the previous year (Figure 3b).

For the UTU Remote sensing course, the distribution showed a tail of low-to-
intermediate scores 2 and 3 in 2019, but the median scores were higher in 2020
(Figure 3c). Transforming the Remote sensing course to an online course in response
to the COVID-19 pandemic was accompanied with higher self-assessment ratings than
the previous year (Figure 3c).

Students in the UEF Advanced course rated their overall self-assessed knowledge and
understanding along a wide range from 1 to 5 in both years (Figure 3d). It was the only
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Figure 3. Students’ self-assessed median knowledge and understanding (1 = low, 5 = high) at the end
of a course across all course subject topics.

course where the median rating by some students was at the lowest end of the range,
creating the largest variation between individual students. However, the frequency of
scores 4 and 5 was higher in 2020 than the previous year. In the Participatory mapping
course, the median score of all students during both years was 4 (Figure 3e).

In the Basic courses at both universities, the students were generally the most
confident in cartographic communication, maps and data visualisation (T8, Figure 4a,
b). Regarding the role of geoinformatics in society (T1), the students were most unan-
imous, with almost no variation around score 4 (Figure 4a,b). At UEF, students had the
least self-assessed knowledge and understanding in the basics of remote sensing (T5), and



JOURNAL OF GEOGRAPHY IN HIGHER EDUCATION

there was also the most variation between students in that subject topic (Figure 4b). At
UTU, knowledge and understanding was more evenly distributed between subject topics,
but projections, coordinate systems, and remote sensing (T3-5) were considered more
difficult than others (Figure 4a).

In the Remote sensing course, self-assessed knowledge and understanding in remote
sensing applications was the highest in both years (T8) and photogrammetry was the
lowest (T3) (Figure 4c). Generally, subject topics 1-5 scored lower than the topics 6-8
(Figure 4c). The first five topics covered the physical basis of remote sensing, remote
sensing systems, different types of corrections, and image processing. Other than that, the
two years had notably different distributions in scores between subject topics. Subject
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Figure 4. Distribution of self-assessments scores at the end of a course across the course subject
topics. See Table 2 for the description of course subject topics.
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topic 4, geometric and atmospheric corrections, had the most uneven scores in 2020,
ranging from 0 to 5 (Figure 4c).

In the Advanced courses at UEF, the students had the highest self-assessed knowledge
and understanding in visualising data and designing thematic maps (T9) in both years
(Figure 4d). All other subject topics had scores 3-4 (Figure 4d). Subject topics 2, 3, 4, and
9, related to data and workflow and its sketching, showed notable differences between the
years (Figure 4d).

The Participatory mapping course showed a large variation in scores across different
subject topics (Figure 4e). The subject topics with the lowest scores, particularly in 2019,
were 4 and 7 (Figure 4e), corresponding to ethical issues and data management and
protection (Table 2). While the students were generally unanimous in their self-assessed
knowledge and understanding, their scores in subject topic 7 (data management and
protection) varied the most (Figure 4e).

Perceived impacts of the use of the self-assessment tool on students’ studying and
learning processes

More than half of the students (54.0%, n =206) indicated that the use of the self-
assessment did not affect their studying in any way or it created unnecessary work
(Figure 5). The most frequently identified positive impacts on studying, identified by
46.0% of the students, were introduction to course topics and help for assessing knowl-
edge and understanding at the beginning of the course. These were more prominently
identified by women than men (x2(2) = 14.253, p < 0.001***, Table A3). Approximately
half of the students (48.5%) believed that the use of self-assessment did not impact their

Impacts on studying

It helped me to prepare for the test

It gave me a motivation to study.

| paid attention to the self-assessment topics during the course
It assissted me to decide to which topics to especially focus on
It helped to assess my skills when the course started

It introduced to the course topic/contents
I don't know./ | can't say

= No or negative effect

= Positive effect
It produced unnecessary work

| forgotit during the course
It did not affect my studying

o

20 40 60 80 100 120
Impacts on learning

It helped me to illustrate what topics | should study more. m=m
Itrevised course’s topics. m—
It concretely helped to identify the core topics that | learned. T ————— 48,5 %
It helped me to identify that | had developed my skills
I can't say. /| don't know.
It did not affect my learning

o

20 40 60 80 100 120

Figure 5. Individual categories denoting the impacts of utilising the Geoportti self-assessment Tool on
studying and learning processes as perceived by the students. A response from one student (n = 206)
could link to several impacts. In total, the various impacts were mentioned 285 times for studying, and
262 times for learning (100%).
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learning (Figure 4). However, 51.5% of the students indicated positive impacts, mainly
that the Tool helped to identify that the students had developed their knowledge and
understanding and concretely identified topics that they learned during the course.

Discussion

In this article, we empirically demonstrated the usefulness of an online self-assessment
tool developed specifically for learning geoinformatics and developing teaching in
geoinformatics in higher education. In light of the results, as the teachers of the examined
courses, we discussed below the benefits and challenges of the self-assessment approach
and the Geoportti Self-Assessment Tool.

At the beginning of a course, self-assessment results provide teachers with valuable
information regarding the variation in students’ knowledge and understanding in different
subject topics, and potentially reflect their starting level and motivation. In line with previous
research (Andrade, 2019), we believe this information helps teachers pay attention to subject
topics and student groups that may need more attention during the course. Creating the self-
assessment survey content prior to a course also supports the constructive alignment (Biggs &
Tang, 2011) of teaching geoinformatics by targeting intended learning objectives and activities
of each course. We also find it useful that the quantitative comparison of the initial and final
self-assessment results allows teachers to examine the learning process at the group level, and
identify subject topics with particularly low or high increases in self-assessed knowledge and
understanding during a course. Furthermore, teachers can identify if there are students who
do not experience an increase in knowledge and understanding, or experience increased
confusion in some of the course subject topics.

A closer look at UEF students” development during a course revealed, as expected, that
a clear majority of the students experienced an increase in knowledge and understanding.
However, some students experienced either a negative or no change in knowledge and
understanding in specific subject topics. Generally, based on our data, gender does not have
an impact on the (positive, no or negative) change in self-assessed knowledge and under-
standing during a geoinformatics course. Then again, non-geography students in some
courses may be more likely to experience a negative change in their knowledge and under-
standing than geography students, but the results are generally independent of the student’s
discipline. This is likely the result of a common practice in geoinformatics teaching where the
focus is mostly on the technology, methods, and applications instead of teaching that requires
a theoretical background knowledge of geography (Kedron et al. 2016).

The changes in the self-assessed knowledge and understanding during a course showed
that the self-assessment highlighted various subject topics where the changes were the most
prominent, although at the beginning of the courses, the scores were more consistent. This
indicates heterogeneity in students’ efforts during the course, and potentially subjective
targeting in specific learning objectives based on the initial self-assessment (Colthart et al.,
2008). This is, hence, in line with the initial aims of the Geoportti Self-Assessment Tool.

While numerical self-assessment questions were quicker to respond and more straightfor-
ward to analyse, written descriptions revealed important aspects of the students’ experienced
knowledge and understanding. These responses indicated various reasons, particularly for
negative changes in self-assessed knowledge and understanding. In our data, these include
differences in the students’ background and confusion about the subject topic descriptions.



18 N. FAGERHOLM ET AL.

These responses highlight that it is important to use language that students understand easily
when describing the specific subject topics. As an example, both the lectures and exercises in
the Advanced course at UEF included overlay and neighbourhood analyses; thus, the result
that the student felt least competent in these topics is surprising. We assume this could be
explained by insufficient terminological knowledge, i.e. students had not recognized from the
descriptions the skills they actually had learned in the course.

The final self-assessment results provide information on the experienced knowledge
and understanding at the end of the course, which we consider to be relevant information
for the teacher since the summative assessment is performed by the teacher. For example,
in our case study, the teachers of all examined courses found that the learning objectives
were generally well-fulfilled since individual students rated their self-confidence at the
end of the course relatively high (median 4). As the results of self-assessments have been
noted to indicate learners’ motivation and satisfaction (Sitzmann et al., 2010), we were
able to conclude that it was rather high on the examined courses.

Self-assessment results, and particularly their comparison between the years, gave insights
on the impact of changes in teaching arrangements on the students’ learning experience. For
example, our results suggest that the student’s self-assessed knowledge and understanding at
the end of the course did not suffer from the impacts of COVID-19 and subsequent changes in
the teaching and learning methods, which is in line with a previous study on the transition to
remote learning (Chang et al., 2014). We acknowledge the fact that not all changes were
related to the pandemic situation and online transformation due to the considerable changes
in the structure of the course between the two years. While the summative results improved,
the number of course dropouts increased. We hypothesise that the increase in self-regulated
and independent learning increased the self-efficacy of most students, which was clearly seen
in the self-assessment data. At the same time, it created an insurmountable obstacle for certain
students, whose input is missing from our final self-assessment data. It has been pointed out
that self-assessment and self-assessment skills are vital since they guide learners to target their
learning activities in self-regulated learning (Khoiriyah et al., 2015; Koston et al., 2012), e.g. in
online courses that offer greater freedom or more generally in life-long learning. Hence, based
on our experience, we follow this recommendation to use self-assessment both at the begin-
ning and at the end of a course in relation to geoinformatics teaching in the remote mode.

Based on students’ perceptions of the perceived effects of utilising the Self-Assessment Tool
on studying and learning processes, half of the students had positive opinions. In line with
previous research (Bourke, 2016; Colthart et al., 2008; Khoiriyah et al., 2015), self-assessment
helped the learners to focus on course subject topics and concretely identify topics that they
learned during the course. We expect this to increase their self-efficacy in geoinformatics-
related tasks (Bandura, 1986). However, self-reflection and motivation are not strongly
evident in our results. In fact, in terms of studying, 20% of the negative comments highlighted
that the self-assessment task produced unnecessary work or that the students forgot it during
the course. For most students, the use of the Self-Assessment Tool was most likely driven by an
extrinsic motivation, such as a task to complete during a course, and only some students
connected it to an intrinsic motivation being meaningful and rewarding, and thus, a goal by
itself (Deci & Ryan, 2012). However, the usefulness was studied based on open responses that
were short in some cases as the students might have had low level of interest in responding to
the survey at the end of the course. Nevertheless, we consider that an important factor to
increase intrinsic motivation is that the teacher actively informs the students about the
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relevance of the self-assessment for their studying and learning to increase their awareness of
learners’ active participation in the learning process.

While our results clearly demonstrate the usefulness of self-assessment in geoinformatics
education, the data must be examined with its limitations under consideration. To start with,
all self-assessment results should be interpreted, acknowledging that the students will rate
their knowledge and understanding subjectively. Hence, both the students’ individual char-
acteristics (e.g. concentration capacity, personal traits and motivation) and their interpretation
of the situation (e.g. interpretation of the assessment’s influence on the course grade or the
student-teacher relationship) have an impact on the scores given. Also, the representativeness
of the responses should be considered. Our experience demonstrates that, naturally, the voice
of the course dropouts is not heard through the final self-assessments even if the assessment is
obligatory. This means that the experience of those students who struggle the most should be
examined with different kinds of methods.

The results from a self-assessment can guide the development of the course syllabus, and
from a wider perspective, the curriculum. Although, a critical examination of the used subject
topics and how well they describe the intended learning outcomes is needed. We recognize
that the subject topics of the self-assessments presented in this article mainly focused on the
intended learning objectives from the perspective of lower-order cognitive skills. The descrip-
tions were partly in line with the terminology of Bloom’s revised taxonomy, but in retrospect,
the self-assessment subject topics should have been formulated more uniformly with unam-
biguous verbs from the Bloom’s (revised) taxonomy (Anderson & Krathwohl, 2001), begin-
ning with “I remember/understand/can apply ... ”. In addition, in some courses described in
this paper, students might have underestimated their knowledge and understanding of
a specific subject topic due to combining several learning objectives for a specific topic in
the question (e.g. T8 on Basic course of UTU and UEF). Therefore, the results might be
different if only discrete learning objectives had been distinguished in the assessment instead
of the subject topics. On the other hand, in that case, it might be that the students could also
assess more specific subject topics in a more critical way. However, as a down side, including
all learning outcomes and their sub-categories in a very detailed way would make the self-
assessment longer and compromise it as a quick approach to be used at the beginning and the
end of a course. Furthermore, applying specific learning outcomes in the assessment would
have changed the whole intention of the self-assessment approach. The intention was to keep
the Geoportti Self-Assessments Tool general enough to be applied in the courses at different
universities and by individuals outside the courses. Thus, the questions were not directly
copied from the curricula of individual universities, and the subject topics do not directly map
onto learning outcomes. If the students participated in lectures, completed the related
exercises and report writing, they would know all the aspects of each subject topic under
question in the self-assessment tool at the end of the courses. Therefore, we consider the
approach reliable. Further, in the initial self-assessment at the beginning of the course, the
teachers wanted to include all these different aspects in the subject topics, so that this self-
assessment would simultaneously introduce the subject topics taught in the courses more in
detail to the students than if it was only based on learning outcomes. Thus, taking the self-
assessment also acts as an introduction to the course and shows the most important subject
topics to be taught during the course.

Internationally, a collective effort by academic, business and public sector actors has been
made to guide curriculum development, and identify standards for the knowledge and
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competencies of geoinformatics and Earth observation professionals. These include, for
example, the GIS and Technology (GIS&T) Book of Knowledge (BoK) (DiBiase et al.,
2006), its European update in the GI-N2K project (Vandenbroucke & Vancauwenberghe,
2016), and the EO4GEO BoK, which adds the concepts and skills that are specific to Earth
observation (Hofer et al., 2020). The use of such resources to guide the competency-oriented
curriculum design in higher education has been successful previously (e.g. Prager & Plewe,
2009). These resources could be used to further develop the Geoportti Self-Assessment Tool,
and create self-assessments that go further beyond the syllabus of a single course and focus on
intended learning outcomes and the knowledge and understanding of geoinformatics profes-
sionals in general. While the international standards provide a good structure for teaching and
curriculum planning, they are still only guidelines, and the actual design of courses will always
be context-dependent (Prager, 2011). Therefore, when implemented well, the self-assessment
can identify context-specific shortcomings in teaching and motivate the teacher to focus on
the development of specific parts in the course.

Conclusions

We conclude that self-assessment implemented at the beginning and the end of a course, both
as a formative and summative assessment, is useful for higher education in geoinformatics.
The Geoportti Self-Assessment Tool concretely supports students’ learning process by visually
illustrating their self-assessed level of knowledge and understanding across various course
subject topics, and by helping to identify subject topics and learning objectives that require
specific attention. This is beneficial for self-efficacy in geoinformatics-related tasks. Similarly,
self-assessment supports constructive alignment in teaching geoinformatics and the identifi-
cation of group level competencies, as well as specific subject topics or groups of students that
would benefit from attention by teachers. We also consider that self-assessment at the end of
the course provides teachers with relevant information regarding the fulfilment of the learning
objectives, supporting summative assessment (such as exams). Furthermore, we found
particular support toward the application of self-assessments for remote teaching. However,
it is crucial to ensure that the students understand the contents of the self-assessment subject
topics. In order to increase students’ motivation towards self-assessment as an approach in
geoinformatics, or any other subject, it is crucial that the teacher actively highlights how it
supports their studying and learning. In the future, the Geoportti Self-Assessment Tool may
enable additional research on the relationship between the final self-assessed knowledge and
understanding and the results of the summative assessment. It would also be important to
systematically gather teachers’ perceptions on the usefulness of the Self-Assessment Tool.
Finally, the Tool is generic, and could be applied in other disciplines and for other types of skill
sets than geoinformatics.
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Appendices

Appendix 1. Detailed descriptions of geoinformatics courses studied in this article and the
Geoportti self-assessment subject topics.

BASIC

Learning objectives, course content and self-assessment subject topics for the courses
“Introduction to Geoinformatics” at UTU and “Introduction to Geoinformatics and
Cartography” at UEF'.

Learning objectives (UTU): After completing the course, the student is able to: describe
the central application of geoinformatics in society and in geography, explain and use the
basic concepts of geoinformatics, search for geospatial data online from different key
sources, use the desktop GIS software (QGIS) and web-based map and data services to
view spatial data, produce and modify simple spatial data, analyse spatial data using basic
methods, and visualise the spatial data as maps using the basic principles of cartographic
communication.

Course content (UTU): The course is divided into the following interconnected subject topics:
geospatial applications in society, spatial data in Finland, Mapmaking and cartography, projec-
tions and coordinate reference systems, field measurements and remote sensing, geographic
information systems (GIS) and software, location techniques and applications, spatial analyses
and interpretation of spatial data, cartography and geospatial visualisation, web map and data
services. During the course, the students will mainly use open-source GIS software, data and
online map and data services.

Learning objectives (UEF): In the practical sessions, the students learn how to manage, analyse,
and produce thematic maps from different data sets using the ArcGIS software. After the
completion of the course, the student is able to independently produce thematic maps based on
spatial data sets, and by using good principles of cartographic visualisation and map-making.

Course content (UEF): The goal of the course is to familiarise the student with the basic
methods of geospatial data analysis and cartographic presentation through multiple practical
examples. The lectures on cartography focus, among other topics, on the history of mapping in
Finland, projections, coordinate reference systems, and the cartographic principle of making
thematic maps. In the lectures on geoinformatics, the student becomes familiar with different
geospatial data types, basic analyses, and with data access and key data sources online. In the
practical sessions, the students learn how to modify, manage, and analyse geospatial data and how
to produce thematic maps.

Subject topics (T) and their descriptions in the Geoportti self-assessments (English translation
by the authors):

Acronym Subject topics and description

T The role of geoinformatics in society: | am familiar with the different societal applications of
geoinformatics, and know how geospatial methods enable the study of phenomena that are relevant
to society. | can identify the key national and international data producers, and the downloading and
map services.

T2 Structure of geospatial data, metadata and data quality: | am familiar with the structure of geospatial
data (vector and raster), and know their strengths and weaknesses in different applications. | am
familiar with the concepts of metadata and data quality, and know how to evaluate their quality.

T3 Projections: | understand how the surfaces of the earth transforms into a plane surface by using different
map projections (plane, cylinder and cone). | know how different projections preserve different metric
properties (conformal, equal-area, equidistant), and how to evaluate their suitability for different-use
cases.

T4 Coordinate and height systems: | am familiar with the characteristics of different coordinate systems (for
example, geographic and plane coordinates), and the key concepts related to coordinate systems, such
as datum and referenced ellipsoid. | know how to read coordinates from different systems, and know
which systems, including the height system, are in use in Finland.

(Continued)
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Acronym Subject topics and description

T5 Basics of remote sensing: | am familiar with the basics of remote sensing, including the principles of
active and passive remote sensing, the concept of resolution (spatial, temporal, radiometric and
spectral), and what is meant by channels and how they are connected to remote sensing images and
their interpretation. In addition, | know how these methods produce geospatial data, including how to
georeference a satellite image.

T6 Satellite navigation systems and GPS: | know the basic functionalities of a satellite navigation system and
the possible sources of error. | know how to produce geospatial data with GPS locators, and how to
analyse and modify the collected data in the GIS desktop software.

T7 GIS software: | am familiar with the most popular GIS software and know their basic functionalities.
I know how to use a software of my choice for viewing data, data management, and basic analyses.
T8 Cartographic communication, maps and data visualisation: | know what elements are within a good map,

how to communicate with a map, and what different types of maps there are. | know how to select
suitable symbology, colours, and scale among other elements that serve my purpose, and | know how
data attributes (quantitative vs qualitative, continuous vs classified etc.) affect geovisualization.

"The UTU self-assessment for the course Introduction to Geoinformatics was also taken in the
corresponding course at UEF. Due to slight differences in the course content, (i.e., the measure-
ment and usage of self-gathered data (T6) is not covered by this course at UEF), the UEF students
were instructed to evaluate their confidence in one subject topic based on a more restricted criteria
(namely in subject topic 6, to only evaluate the part “I understand the operating principles of
satellite navigation systems and related sources of error” and to ignore the part “I know how to
measure the location by using a GPS receiver, and to analyse and modify my own data with GIS
software”).

REMOTE SENSING

Learning objectives, course content and self-assessment subject topics for the course
“Methods in Remote Sensing” at UTU.

Learning objectives: After completing the course, the students: can identify different ways
that remote sensing based approaches can be used in society, know where to find and search
for different open remote sensing data, find out how a remote sensing data set has been
produced and what kind of different qualities it has, evaluate the suitability of a data set for
a specific-use case, process multispectral remote sensing imagery in remote sensing and GIS
software (such as SNAP, ERDAS IMAGINE, QGIS, and Cloud Compare), process 3D point
cloud data, use basic automatic image processing methods, visually interpret remote sensing
imagery using a systematic approach, and participate in the planning and implementation of
a simple laser scanning project with the help of written instructions for software and
hardware.

Content: The course is divided in to the following subject topics: introduction to remote sensing
of the environment, electromagnetic radiation and the physical principles of remote sensing,
remote sensing systems, data sets and software, aerial photography and photogrammetry, visual
interpretation of remote sensing images, multispectral remote sensing of the environment from
space, atmospheric and geometric rectifications, radiometric, spectral and spatial processing
methods, classification of multispectral image, principles of laser scanning and point cloud data
processing, and application of remote sensing in society.

Subject topics (T) and their descriptions in the Geoportti self-assessments (English translation
by the authors):

Acronym Subject topics and description

T Physical basis of remote sensing: | can define remote sensing and explain what remote sensing consists
of. | know the physical basis of remote sensing, i.e. the spectrum of electromagnetic radiation and how
radiation interacts with different surfaces and the atmosphere. | am familiar with the general
characteristics of analog, digital, panchromatic, and multispectral remote sensing imagery.

(Continued)
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Acronym Subject topics and description

T2 Remote sensing systems, data and resolutions: | know the components of a remote sensing system. | am
familiar with the most important remote sensing platforms, sensors and datasets. | know how to
examine differences in remote sensing systems, mainly from the perspective of the four resolution
types.

T3 Photogrammetry: | understand how the implementation of a remote sensing campaign and the imaging
geometry influence geometric distortions in different parts of the image. I'm aware of how image
geometry influences the use of remote sensing data, and how geometric distortions can be corrected.
| understand how geometric distortions can be used to calculate new information on ground features.

T4 Geometric and atmospheric corrections: | understand why geometric and atmospheric corrections are
needed and the general principles of the methods. | know how to find out whether my data has been
geometrically and atmospherically corrected.

T5 Image processing methods: | understand why radiometric, spectral, and spatial image processing
methods are useful, and their impact on multispectral data and the produced image. | am familiar with
the basic concepts and most common methods. | know how to interpret remote sensing imagery using
a systematic visual image interpretation approach.

T6 Image classification methods: | am familiar with the benefits of classifying remote sensing images. | know
the most important classification methods, their differences and applicability to different purposes.

I know how to evaluate the quality of the classification using visual and statistical approaches.

17 Active and close-range remote sensing: | understand the principles and differences of passive and active
remote sensing. | know the principles of laser scanning and how the laser scanning systems and
datasets differ. | know what a point cloud looks like, and how it can be processed and analysed.

T8 Remote sensing applications: | am familiar with the applications of remote sensing in research and in
society. | understand the relationship of remote sensing as a discipline to other applied sciences, such
as social and environmental science.

ADVANCED

Learning objectives, course content and self-assessment subject topics for the
“Geoinformatics advanced course” at UEF.

Learning objectives: The student has gained an understanding of advanced geospatial analysis
methods and application possibilities of geoinformatics. The student understands in what type of
research the analysis methods can be applied, and the type of opportunities that are provided by
geospatial data sets and what the limitations are in their usage. The student is able to apply his/her
cartographic and other geospatial skills in working-life within the university, and in both the
public and the private sector.

Content: During the course, it is continued (continuation to the Introduction to Geoinformatics and
Cartography -course) in getting familiar with the basic concepts of geoinformatics and its special
characteristics, and with geospatial analysis skills by using different data sets. The lectures focus on the
theoretical background and special characteristics of geoinformatics. The practical sessions are done
using ArcGIS software, and focus on a variety of analysis methods using different data sources. The
teaching materials are the different (population, agriculture, snow cover, etc.) vector and raster data
sets.

Subject topics (T) and their descriptions in the Geoportti self-assessments (English translation
by the authors):

Acronym Subject topics and description

T The data control and production (attributes, databases and queries): | know how spatial data is stored
and managed in a geodatabase, including doing basic queries using the SQL-language. | understand
why metadata is important, and how to create and interpret it.

T2 The data control and production (digitization and data modification): | know how to create a vector
dataset, digitise new features into it, and modify the spatial data and its attributes if necessary. This
process includes the ability to evaluate the overall quality of the data and skills to improve it when
necessary.

(Continued)
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Acronym Subject topics and description

T3 The data control and production: satellite navigation systems, RTK-GPS and remote sensing (incl. Laser
scanning): | know the basic functionalities of a satellite navigation system, basic and high-precision
GPS locators, and the possible sources of error in these systems. | know how to produce geospatial
data with the GPS locators, and what the pros and cons are for the different systems. | know the
different opportunities for data collection through remote sensing methods.

T4 GIS workflow and its sketching: | know how a chain of geospatial analysis steps can be described as a GIS
workflow. | also recognize the benefits of formulating the work in this way. This understanding
includes the principles of workflow chart symbology and structure, as well as the capacity to produce
a GIS workflow from my own work. | know how to apply these skills by using ModelBuilder and its
options to iterate models.

T5 Calculation of geometric properties and classification of data: | know how to analyse vector and raster
datasets based on the location, size, shape, and geometry, and how to classify these datasets based on
location and/or attributed information. | know the main differences in area calculations between the
vector and raster datasets.

T6 Neighbourhood and overlay analyses: | know how to analyse geospatial datasets based on the
neighbourhood, distance or overlap, and how these analyses differ between the vector and raster data
sets. | can estimate when the original datasets would be good to be pre-processed and/or harmonised
before the analyses (e.g. conversion from raster to vector or vice versa, generalisation of the data).

17 Spatial interpolation in theory and in practice: | know how to interpolate spatially sampled data to create
spatially continuous maps. This skill includes the capacity to evaluate the character of the data sample
in relation to the data as a whole, and how this affects the results and interpretation of the
interpolation.

T8 Network and cost-efficiency analyses, uncertainties, and geographically weighted regression: | know how
to use open spatial data sets to perform network and cost-efficiency analyses. | understand the
importance of geographical location, uncertainties within the spatial data, and the quality of the data
on the results of the analyses. In addition, | understand the effects that spatial sampling can have on
the analysis results.

T9 Data visualisation data and designing thematic maps: | know how the attributes of the data in question
(quantitative vs qualitative, continuous vs classified) and the potential analysis method (e.g.
interpolation) should be considered in geovisualization. After designing a suitable visualisation, | know
how to select symbology, map elements, colours, and scale that serve my purpose in thematic maps.

PARTICIPATORY MAPPING

Learning objectives, course content and self-assessment subject topics for the
“Participation, spatial planning and GIS” at UTU.

Learning objectives: After the completion of the course, the student can explain ways in which
geospatial technologies and data can strengthen recognition and argumentation of stakeholder
values and preferences in participatory spatial planning. The student identifies the core values of
public participation, and how participation can support the processes of democratic spatial
planning and resource management. The student is able to describe Public Participation GIS
(PPGIS), Participatory GIS (PGIS) and citizen science methods and practices, and identify their
various applications in research and planning processes. The student can describe how place-based
knowledge has been applied in participatory landscape and land-use planning processes and
natural resource management. The student can apply GIS and other methods to analyse data
created through participatory mapping. The learning methods of the course enhance the student’s
skills in coordinating and conducting a project in a group, in problem-solving, in scientific writing,
and in oral presentation.

Course content: Lectures have focused on theoretical, conceptual, and methodological
aspects of stakeholder participation, place-based approaches (PPGIS/PGIS, citizen science),
and landscape and land-use planning. Students will get acquainted with different modes of
planning through different case studies, both from Finland and abroad. In group work,
students use geospatial data and GIS to manage, analyse, and present PPGIS/PGIS data as
maps and through other visual and statistical means. Students apply their knowledge and
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understanding to formulate a plan for their project, which is then analytically executed and
reported in the final course report.

Stakeholder participation in spatial planning is a precondition for achieving sustainable societies
and equal opportunities for wellbeing, both for people and the planet. The course touches
particularly on Sustainable Development, Goals 11; Sustainable Cities and Communities, and
Goal 15; Life on Land.

Subject topics (T) and their descriptions in the Geoportti self-assessments (English translation
by the authors):

Acronym Subject topics and description

T Definitions and differences between terms: | know the definitions and differences between the terms
PGIS, PPGIS, VGlI, and citizen science.

T2 Application fields and approaches: | know in which fields and with what kind of approaches participatory
mapping is applied in practice (including e.g. urban and regional development, health and recreation
services, landscape and natural resource management).

T3 Participation and planning: | am aware of the different levels of participation in planning, and can identify
examples of how participatory mapping (i.e. place-based participation) has been applied in planning
practice.

T4 Ethical issues: | am aware of the ethical issues related to participatory mapping approaches.

T5 Tools and approaches for data collection: | know the different tools and approaches used for data
collection in participatory mapping, and the elements of a good quality map-based survey in web-
based, mobile, and offline approaches.

T6 Sampling approaches: | know the principles of different sampling approaches for data collection (e.g.
random or purposive vs. crowdsourced/volunteer sampling).

17 Data management and protection: | am aware of the data management and protection issues (e.g. The
EU General Data Protection Regulation (GDPR) related to participatory mapping data collection and
storage.

T8 Spatial and non-spatial analysis methods: | know the spatial and non-spatial analysis methods to explore,

explain, and predict/model participatory mapping data.
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Table A.1. The frequencies of the self-assessment scores related to each subject topic given in the
Basic and Advanced courses at UEF. The largest frequencies are colored. The comparison of scores
between the initial and final self-assessments shows the negative, no change (same value in initial and
final self-assessment), or positive change in the self-assessed knowledge and understanding between
the initial and final self-assessments.

Basic 2020 Self-assessment score T T2 T3 T4 T5 T6 17 T8
Initial self-assessment 0 2 16 4 9 21 8 12 2
1 8 13 18 17 17 18 13 7
2 19 9 13 18 12 10 13 14
3 19 12 1 9 6 18 12 11
4 10 8 1 6 2 3 8 20
5 1 1 2 0 1 2 1 5
Final self-assessment 0 0 0 0 0 0 0 1 0
1 0 2 0 1 6 1 0 0
2 3 3 5 6 10 9 5 0
3 8 15 15 21 24 19 15 3
4 37 33 29 23 16 19 26 30
5 1 6 10 8 3 1" 12 26
change final - initial
-2 0 0 0 0 0 1 1 0
4.0 % negative -1 2 0 4 1 2 2 2 4
14.6 % no change 0 7 12 9 5 5 " 9 11
81.4 % positive 1 25 12 18 19 18 13 11 17
2 16 14 13 21 16 15 16 13
3 6 13 10 9 15 14 12 9
4 3 8 5 3 3 3 8 5
5 0 0 0 1 0 0 0 0
Basic 2021 Self-assessment score T1 T2 T3 T4 5 T6 T7 T8
Initial self-assessment 0 3 14 10 13 24 16 18 4
1 8 15 7 19 18 11 13 6
2 21 16 14 23 1 25 14 10
3 22 12 19 5 4 6 10 15
4 7 5 12 2 3 4 6 25
5 1 0 0 0 2 0 1 2
Final self-assessment 0 0 0 0 0 1 0 0 0
1 0 0 0 1 1 1 0 0
2 2 3 3 8 19 8 5 0
3 13 24 18 26 22 23 15 5
4 39 25 35 25 16 23 32 27
5 8 10 6 2 3 7 10 30
change final - initial
-2 0 0 0 0 0 0 0 0
1.2 % negative -1 0 0 1 0 1 1 3 0
13.7 % no change 0 8 8 12 8 8 9 3 12
85.1 % positive 1 28 14 22 14 13 17 12 25
2 17 19 17 19 26 13 18 14
3 8 13 5 19 10 14 17 6
4 1 6 5 2 4 6 8 4
5 0 2 0 0 0 2 1 1
Advanced 2019 Self-assessment score T T2 T3 T4 T5 T6 17 T8 T9
Initial self-assessment 0 1 0 0 10 2 3 7 4 0
1 6 8 4 9 6 7 10 9 3
2 16 8 11 7 9 12 9 7 0
3 2 12 12 4 7 7 4 9 12
4 5 2 4 1 7 2 1 2 0
5 1 1 0 0 0 0 0 0 6
Final self-assessment 0 0 0 0 0 0 0 0 0 0

(Continued)
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Table A.1. (Continued).
Basic 2020 Self-assessment score T T2 T3 T4 T5 T6 17 T8

1 0 1 1 0 1 1 1 1 0
2 3 1 6 5 2 6 2 3 1
3 7 15 9 10 12 11 12 8 7
4 17 1 15 14 1 12 14 18 13
5 4 3 0 2 5 1 2 1 10
change final - initial
-2 0 0 1 0 0 0 0 0 0
4.3 % negative -1 0 1 1 1 3 1 0 2 2
21.5 % no change 0 5 7 9 2 8 8 3 3 15
74.2 % positive 1 9 13 15 4 5 9 7 9 10
2 14 8 5 13 10 9 " 9 4
3 3 2 0 7 5 3 7 7 0
4 0 0 0 3 0 1 2 1 0
5 0 0 0 1 0 0 1 0 0
Advanced 2020 Self-assessment score T T2 T3 T4 T5 T6 17 T8 T9
Initial self-assessment 0 1 0 2 9 0 4 8 7 0
1 1 8 6 16 10 1Al 19 16 1
2 1 15 17 9 12 11 5 14 4
3 10 12 1 2 8 12 7 4 16
4 6 5 5 4 8 3 1 0 15
5 2 1 0 1 3 0 1 0 5
Final self-assessment 0 0 0 0 0 1 1 0 0 0
1 1 2 1 3 3 3 2 1 0
2 2 3 2 6 1 4 4 3 3
3 10 15 15 12 13 15 9 12 3
4 19 17 15 14 14 15 21 23 24
5 9 4 8 6 9 3 5 2 1
change final - initial
-2 0 1 0 0 1 1 0 0 2
4.9 % negative -1 0 2 1 1 2 2 3 1 1
17.9 % no change 0 8 9 9 4 11 5 3 2 15
77.2 % positive 1 14 15 10 12 14 16 5 8 18
2 13 1 15 13 9 13 9 12 4
3 5 3 6 6 3 4 17 15 1
4 1 0 0 4 1 0 4 2 0
5 0 0 0 1 0 0 0 1 0

Table A2. The percentages (as a percentage of all students) of gender and main study field categories
among students with positive, no, and negative change trends between the initial and final self-
assessments. See the n values for respondents from Table 1.

Positive change No change Negative change
Gender Female Male Female Male Female Male
Basic 2020 703 29.7 62.3 37.7 789 21.1
Basic 2021 68.2 31.8 67.6 324 333 66.7
Advanced 2019 66.2 33.8 71.7 283 75.0 25.0
Advanced 2020 58.6 414 379 62.1 83.3 16.7
Main study field  Geography  Non-geography  Geography Non-geography  Geography Non-geography
Basic 2020 383 61.7 56.5 435 73.7 26.3
Basic 2021 51.7 483 64.7 353 333 66.7
Advanced 2019 324 67.6 20.0 80.0 16.7 83.3

Advanced 2020 386 61.4 48.5 515 61.1 389
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