Chapter 11

Reading Satellite Images, Aerial Photos
and Maps: Development of Cartographic
and Visual Literacy

Hana Svatonova

11.1 Introduction

The accessibility of servers, websites and the Internet has allowed the public to
discover the world of aerial and satellite imagery. The most noticeable source of
such information is Google Earth, which, together with Virtual Globe, NASA World
Wind and ESRI’s ArcGIS Explorer, has become extremely popular for educational
and noneducational applications (Schultz et al. 2008). Adults and children are now
confronted with new topographical materials, such as aerial and satellite images.
While people have been using maps for more than 1000 years, high-resolution digi-
tal imagery represents a progressive option and a new experience for viewers.
Although both maps and aerial images present a bird’s-eye view of the earth, aerial
images are not maps. Maps and images differ in many aspects, and therefore the
reading of an image differs from the reading of a map. A map is a representation of
the earth’s surface supplemented with annotations and provides geometrically accu-
rate shapes and distances. Aerial and satellite images contain no explanatory text
and have certain distortions which need correction. Although people have just
started to discover the advantages of surface imagery of the earth and gain experi-
ence in utilising such imagery, this method already has taken its place in daily life.
Results of research among children and teenagers indicate an extremely rapid
increase in popularity of aerospace imagery supported by development of new tech-
nologies, such as smart phones, tablets, laptops and social media. This situation
raises questions as to how young people (in this study 11-, 15- and 19-year-old
students) can handle various types of images and tasks, if there is some variation in
the efficiency of map and image interpretation, and how children judge the images.
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Therefore, this research presents the results of a study focused on visual and carto-
graphic skills, as well as the development of imagination at various stages of pupils’
growing maturity.

11.2 Image Is Not a Map

Prior to the testing of the students’ ability to read and interpret maps and images, it
was necessary to clarify the basic differences between these documents. Aerial or
satellite images differ from maps of the same area in many aspects, and this fact
could affect the interpretation of the content. This issue was described in detail by
Kovatik (2012).

An image depicts the real situation of the landscape up to the limit of the camera
or sensor’s resolution. However, as the images show all the features in detail, it can
be difficult to distinguish important objects from those less important, and some
features can be completely invisible. An image cannot contain any names, spot
heights or grid lines. One single image cannot provide real information about land-
scape profile. Interpretation aids must be used to identify the features in an image.
The fundamental tools for visual image interpretation are as follows: tone, texture,
shadow, pattern, association, shape, size and site.

Images show real features, whereas maps depict features using cartographic
symbols. The interpretation of images is therefore straightforward, without the
necessity to work with a legend as is the case of maps. Images can be classified
according to various criteria. Considering the research described in this paper,
images can be classified according to viewing angle and colour and by how up to
date they are. Based on the viewing angle, images can be classified as oblique or
vertical. Based on the colours used, we distinguish between true-colour images, not-
true-colour images and black and white images. In terms of date, the images can be
recent or historical.

Different types of images place different demands on their readers. Reading
orthogonal images is unusual for non-expert readers. The orthogonal view, without
information about the object and sidewall height or a landscape profile, is more dif-
ficult to interpret compared to the oblique view. The oblique image is more familiar
to non-expert readers. It provides a more familiar view of the depicted area.
However, a big disadvantage of oblique images is shape deformation and variable
scale. The viewing angle of orthogonal images directly affects the use of interpreta-
tion aids such as shape, size, site and shadow.

Colour (or a tone) represents another important image interpretation aid. Black
and white images generally appear to be more difficult to interpret. In the case of
colour images (both true colour and not true colour), the method of interpretation
depends on the aim of the particular task and the need to identify the features as
having various physical or chemical properties.
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Fig. 11.1 Model of image reading (Source: Author)
11.3 Images as Models of Communication

According to a theory of information technologies, a map and an image can be
viewed as a means of communication. The fundamental components of that com-
munication system were presented by Robinson and Petchenik (1977). MacEachren
(2004) states that the first models of cartographic communication were introduced
by Board in 1967 and by Kolacny in 1969. Particularly, the model of Kolacny
inspired us to create the “image-reader” communication model which is shown in
Fig. 11.1. Similarly as in the model of Kolacny, the reader creates a mental repre-
sentation of a reality on the basis of both the received information depicted in the
image and his or her previous experience. Such representation is identical with real-
ity to some extent. Unlike map reading, where the communication medium of the
process is represented by a map, the image does not offer the subjective view of a
cartographer and the use of a coded language. The coding of information in the
image can be associated with a colour of the images or with the image classification.
It is possible to generate a hybrid product, known as an image map, where the image
also contains coded information in the form of cartographic symbols, lettering, etc.

11.4 The Reading of Images vs. the Reading of Maps

The reading of images and maps belongs to cartographic and visual literacy. The
International Visual Literacy Association defines the term “visual literacy” as the
skill of receiving and evaluating information using a visual medium. According to
Pravda (2001), “cartographic literacy” comprises reading, using and creating maps.
It can be divided into natural and acquired cartographic literacy. When working
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with aerial and satellite images, both visual and cartographic literacy are needed.
When preparing the experiment, we built on theoretical works and research con-
cerning cartographic skills that included reading maps and, in a broader context,
reading images.

11.4.1 Cartographic Skills

The term “‘cartographic skills” is a specific expression of cartographic and visual
literacy. Van der Schee (2000, 218) states that the degree of mastery regarding car-
tographic skills corresponds to the amount of information that we are able to obtain
from a map. Differences in the mastery of cartographic skills in pupils are associ-
ated with their age as well as with their own practice, i.e. cartographic skills are
developed when the children are working in the classroom with maps and the
teacher pays particular attention to these activities (Gerber 1981, 128). According to
Catling (1978), children are able to use either an existing map or their own cognitive
map at an early age, but their map-reading skills are at a low level. Wiegand (2002,
19) cites three options of using maps, each requiring different skills and leading to
the acquisition of different information: (1) searching for particular features and
determining their locations in relation to other elements, (2) using the map to find a
route and (3) using the map to solve problems with an emphasis on the spatial dis-
tribution of phenomena and spatial relationships. Catling (1978) and MacEachren
(2004) interpret the concept of cartographic skills from two perspectives: (1) as
children’s ability to understand the spatial arrangement of their own surroundings
and the related solving of problems, such as finding an appropriate route and (2) as
children’s skill to read and interpret information using thematic maps. Wiegand
(2002) divided cartographic skills into three groups: (1) decoding maps (reading,
understanding and interpreting), (2) assessing maps and (3) creating their own sim-
ple maps. Van der Schee (1987) offers a simple definition of cartographic skills as
being map reading, map analysis and map interpretation.

11.4.2 Skills of Working with Aerial or Satellite Images

Analogously, the skills of working with aerial or satellite images comprise reading,
analysing and interpreting images. The elements of visual image interpretation —
tone, texture, shadow, pattern, association, shape and size — are routinely used when
interpreting aerial photographs or satellite imagery (Lillesand et al. 2008).
Children, from 3 years old, begin to understand aerial photographs as a represen-
tation of real spaces (Blaut 1997), and their understanding continues to develop into
adolescence (Downs and Liben 1997; Liben and Downs 1992). Liben and Downs
(1989) and Liben and Yekel (1996) described preschoolers’ and older children’s
understanding of maps and map symbols. Liben (1999) proposed a developmental
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trajectory for understanding spatial representations. Muir and Blaut (1969) tested
5- and 6-year-old American children with vertical black and white aerial photo-
graphs and found that children taught about aerial photographs demonstrated map
interpretation abilities above those of untaught peers. Stea and Blaut (1973) asked
Puerto Rican 5-year-olds to interpret vertical aerial photographs centred on the chil-
dren’s school. They concluded that the children had no trouble reading the content
of the photographs. Blaut et al. (1970) tested 5- to 7-year-old children using black
and white vertical aerial photographs at scales of 1:2000 and 1:3000, respectively.
The children identified the features and then were asked to trace a map on acetate
identifying features from the photograph. They also had to plot a route on their
maps. Most children successfully completed the task. These studies concerned chil-
dren before they had attended school or in the first years of primary school. Kim
et al. (2012) investigated whether young children possess the potential to under-
stand map-like representations using aerial photographs, how scale affects chil-
dren’s performance and whether children show interest in and enjoy working with
spatial representations. Three remote sensing images of different scales were
employed to examine children’s ability to interpret spatial representation. The
results indicate that young children have the ability to use spatial representation.
Most participants (Korean pupils) were able to understand aerial photographs.
Adults’ visual interpretation was also analysed by Lloyd et al. (2002) and Van
Coillie et al. (2014). Lloyd et al. (2002) investigated how people process informa-
tion from aerial photographs to categorise locations. Three cognitive experiments
were conducted with human subjects viewing a series of aerial photographs and
categorising the land use for target locations. Van Coillie et al. (2014) analysed the
accuracy of image digitisation performed by adults with various degrees of experi-
ence regarding processing images and various degrees of motivation. Digitising
accuracy varied strongly across monitored participants. Moreover, it was stated that,
generally, accuracy was very poor. Svatonovad and Rybansky (2014) evaluated vari-
ous types of landscape visualisation with respect to reality perception. Testing of
research participants proved that the most effective visualisations are simulated
flights over the country and 3D visualisations using orthogonal images.

Cartographic skills and the skills of working with aerial or satellite images
change over time. They can be developed and are related to the development of
geospatial thinking. Schuit (2011) studied the use of exercise cards in a new way of
teaching the reading of topographical maps. Lee and Bednarz (2012) demonstrated
the efficacy of a set of methods which accurately identify the cognitive mapping
strategies of individuals. The relation of geospatial thinking and vocabulary was
investigated and experimentally verified by Golledge et al. (2008). Lee and Bednarz
(2012) performed an analysis of tests focused on spatial thinking using factor analy-
sis that employs principal components.

The purpose of the study described in this paper is to investigate, analyse and
compare the efficiency of reading images and maps, the ability of adolescent chil-
dren to read images in relation to colours used and the subjective opinions of
research participants on the difficulty of reading various types of images and their
preference for images or maps as a source for acquiring information.
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11.5 Research

The research focused on three main areas:

1. A comparison of visual interpretation efficiency regarding aerial images and
topographic maps of the same area

2. A comparison of visual interpretation efficiency for true-colour satellite images
and not-true-colour satellite images

3. An evaluation of the subjective perception of reading difficulty for various types
of aerial and satellite images, preference for maps or images and respondents’
experience with use of images in an education process

Differences in visual efficiency regarding reading aerial and satellite images and the
subjective evaluation of maps and images related to students’ gender and age were
briefly analysed as well.

Research respondents solved selected spatial (and identical) tasks in pairs of
documents (imaging and map, true-colour image and not-true-colour image). Part
of the task was identical for all respondents: to evaluate landscape development
based on a pair of satellite images acquired at different points in time, to identify
objects in historical aerial images, to evaluate the materials subjectively and to spec-
ify a personal preference for images or maps.

According to Catling’s research (1978), images of areas known to the respon-
dents were used for several of the test questions. Specifically, some tasks involved
identifying objects in large-scale topographic maps and aerial images which cap-
tured the vicinity of the school. Other tasks focused on the identification of types of
objects and land use defined in satellite images with a scale 1:100,000 taken of
environments neutral (i.e. unknown) to participants.

11.5.1 Research Questions

The main research questions, with sub-questions, were formulated with respect to
the following research objectives:

1. Is the interpretation efficiency identical for aerial images and maps with the
same scale and showing the same area?

(a) Is the identification of objects in topographic maps more successful than the
identification of objects in images?

(b) Is the number of objects identified in maps higher than the number of objects
identified in images?

(c) Is there some variability of the identification score (maps, images) related to
the participant’s age and gender?

(d) How successful were participants in solving spatial tasks using historical
black and white images showing the same landscape in the 1950s?
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What is the difference in the visual interpretation of true-colour satellite
images and not-true-colour satellite images? Is the identification score for
types of land use and the purpose of selected objects identical for true-colour
satellite image and not-true-colour satellite images?

(a) Are the respondents more successful in the identification of elements in true-
colour images or not-true-colour images?

(b) What types of land use are distinguished better in true-colour images, and
what types are easier to identify in not-true-colour images?

(c) How well can the students interpret satellite images taken at different times?

. What is the subjective evaluation of participants concerning the difficulty of

visual interpretation of documents? How frequently do they work with images?
Do they like this activity? Do they use such documents at school?

(a) How do participants evaluate the difficulty of reading aerial images and
maps? Which type of documents do they prefer?

(b) Is there any difference between girls’ and boys’ scores? How does their pref-
erence change with age (regarding maps, images)?

(c) What are the participants’ subjective evaluations of reading true-colour sat-
ellite images and not-true-colour satellite images?

(d) Do they work with satellite images at school and during leisure time?

(e) Is this activity interesting and amusing for them?

11.5.2 Test Preparation

Considering the research questions, the test consisted of three parts. The first part of
the test contained tasks focused on the evaluation of efficiency regarding the
interpretation of aerial images and maps. The second part focused on evaluation
regarding the efficiency of interpretation of satellite images, and the third part of
the test contained questions concerning the participants’ subjective evaluations.
The documents used were sorted into two groups, and two equivalent test sets were
created: version A and version B.

Seven questions were aimed at objective differences in the interpretation of

images and maps:

1.

(O8]

Find identified objects in the aerial image (orthogonal, true colour) and in the
topographic map of the same area, with the same scale.

Find and plot described objects; draw the shortest path from the station to school
in the aerial image and in the map.

List the objects contained in the map and the aerial image.

Plot the school building in the historical aerial image. Write down what was at
this school’s location 60 years ago.

. Specify which types of land and objects (water area, river, forest, field, built-up

area) can be found in the not-true-colour image and the true-colour image.
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6. Match the map cut-out into the appropriate segment in the not-true-colour image
and the true-colour image.

7. Analyse two satellite images taken of the same locale 20 years apart and describe
how the mining area and its vicinity changed.

The next five questions were aimed toward the subjective evaluation of
participants:

8. Do you find working with images interesting and amusing?

9. Do you look at images on the internet in your leisure time?
10. Do you work with images at school?
11. Evaluate the difficulty of reading various types of images and maps.
12. Which do you prefer: maps or images?

11.5.3 Test Documents: Maps and Images

Images and maps available in the map server “Ndrodni geoportal INSPIRE”
(Geoportal 2015) were used as a main source to ensure the availability of images for
participants and researchers. Cut-outs from images taken by the LANDSAT satellite
were used to test work with satellite images. The colour combination labelled “742”
was selected for not-true colours, which allowed for good recognition of water
areas, rivers and forests. The colours of the LANDSAT images combined with the
red, green and blue (RGB) “742” option show water areas in blue or black, water
streams in blue and forests in green. Fields are displayed by a pink-green mosaic
and built-up areas appear in violet-pink. Moreover, a cut-out from the historical
(1950s) black and white mosaic of aerial images showing the required area was used.
Test documents:

* Basic topographic maps, scale 1:10 000

* Orthogonal, colour, aerial images, resolution 0.5 m

e True-colour satellite images (LANDSAT 7, RGB “321”), scale 1:100,000, reso-
lution 30 m.

* Not-true-colour satellite images (LANDSAT 7, RGB “742”), scale 1:100,000,
resolution 30 m.

* A pair of satellite images from the LANDSAT satellite (RGB “432”) dated 1984
and 2005.

» Historical aerial black and white images from the 1950s, cut out from a mosaic.

11.5.4 Participants

Research was performed with students ages 11, 15 and 19. In total, 378 students
participated in the research: 198 boys and 180 girls (Table 11.1). Students ages 11
and 15 were educated at primary school. They were members of eight different
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Table 11.1 Research participants

Age
11 15 19
Total number 108 134 136
Girls 59 61 60
Boys 49 73 76
School and class Elementary school, Elementary school, Bachelor studies,
sixth year ninth year first year
Number of classes 4 4 2

classes and two different schools. One teacher conducted all the lessons in each
school. The 19-year-old participants were first-year university students (teaching of
geography, Masaryk University, Brno, Czechia). Ninety percent of the students
studied at grammar school in the past. Two subsequent classes whose lessons were
conducted by one teacher were tested.

11.5.5 Testing Process

Testing was performed at the schools in the spring and autumn of 2013. Research
questionnaires were distributed as individual tests for students. The purpose of the
test and organisational instructions was presented to students at the beginning. No
time limit was specified; however, students completed the test in an average time of
20 min. Any ambiguities were answered during the test. With respect to the test
form and task specification, the score was assigned manually. The answers were
evaluated by one person.

11.5.6 Test Evaluation and Scoring

The following subchapters contain results and scores achieved in the test.

11.5.6.1 Evaluation of Results: Comparison of Objective Efficiency
Regarding Object Identification in Aerial Images
and Topographic Maps

The following conclusions can be made based on the evaluation of tasks focused on
the identification of particular objects in aerial images or in maps:

— 64-80 % of objects were successfully identified in the aerial images; 53—70 % of
objects were successfully identified in the maps (Fig. 11.2).
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Fig. 11.2 Aerial image and map — reading efficiency in relation to participants’ age

— The older the age of the students, the lower the difference between image and
map processing efficiency. The highest difference was detected in the group of
11-year-old students. Among the 19-year-olds, the efficiency of map reading was
slightly higher (+4 %); see Fig. 11.2 for more details.

— The results revealed interesting information when compared according to gen-
der. Both genders solved tasks with similar efficiency (difference within 5 %).
However, a detailed analysis of map-reading efficiency showed significant dif-
ferences between genders. In the 11-year-old students’ group, the girls achieved
better results (difference 10 %), but boys were more successful in the 15- and
19-year-old students’ groups (+12%; +16%). Differences in map reading
between genders were also confirmed by Chang and Antes (1987). That article
evaluated males as better at map reading.

— Participants were asked to write down objects which they were able to identify in
areas displayed in the map or image. The document contained ten objects to
identify. Participants identified more objects in the image than in the map (4.9—
6.7 objects in map vs. 3.8-5.6 objects in map). This observation corresponds
with a better score for object identification achieved in aerial images. The amount
of identified objects slightly increased with participants’ age. This was in line
with our assumption that abstract thinking develops with age.

— The results of plotting specified objects and the shortest path on maps or aerial
images correspond with the evaluation of object identification. Younger students
can better read aerial images (+15 % and +16 % for images); 19-year-old stu-
dents are better at reading maps (+21 % for maps). Map-reading efficiency again
shows a slightly increasing trend if put in relation to the participants’ ages (results
for age groups ascendantly 48 %, 70 % and 81 %, respectively).

Besides actual colour aerial images, the solving of spatial tasks in historical,
black and white aerial images showing the area 60 years ago was included in the
test as well. Students were asked to plot the school building and several old and
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newly established streets in the historical aerial image. The students were asked to
find out what was originally located on the school site. Actual aerial images with
identical scale and street names were provided as a support document to help solve
these tasks.

— Generally, the participants achieved scores of 66—76 % on average. It should be
noted that the scores varied with the participants’ age. Participants with high
scores (min. 85 %) identified the location of their school in the historical image.
They also discovered that there were fields in this location in the past. They could
plot the neighbouring streets in the vicinity with lower accuracy (ca. 50 %).
Participants identified the school building and objects in the vicinity very well
(up to 90 %), but more distant objects were more difficult for them (ca. 40 %).

— The achieved scores were very similar across ages and genders (between 66 %
and 76 %). Better results were expected from the group of 19-year-old students.
Their performance could have been affected by the fact that they solved the task
in an area unknown to them, while the 11- and 15-year-olds solved the task in the
vicinity of their school. Thus, we believe that knowledge of the area increases the
chance to identify the object/element in images showing the same area under
significantly different conditions.

Participants were also asked to provide their personal subjective feelings con-
cerning the difficulty of reading aerial images and maps. A 1-5 scale was defined
for this purpose (1, very easy; 5, very difficult). The results and chart in Fig. 11.3
show that:

— The students consider maps and colour aerial images well readable.

— The perception of difficulty changes with age. The older the participant, the bet-
ter feedback concerning map readability and the better the assigned score.
Eleven-year-old students achieved an average score of 2.28; 19-year-old students
achieved an average score of 1.48. The opposite trend was observed for aerial
images: 11-year-old students achieved an average score of 1.75 and 19-year-old
students achieved an average score of 2.52. Fifteen-year-old students achieved
similar scores in maps and aerial images, which means that they consider the
difficulty of reading them to be equivalent.

— All the age groups stated that the black and white image was significantly more
difficult to read. Scores here varied from 3.48 (min) and 4.05 (max). The highest
scores (worst) were achieved by the 19-year-old students. This indicates that the
colours in the aerial image are of significant interpretive help and increase the
chance of identifying the objects in the image.

Subjective preference (Fig. 11.4) — selection of maps or images for obtaining
needed information showed that:

— 19-year-old students prefer maps (67 %), 11-year-old students showed a similar
preference for both options (46 % and 49 %) and over 20 % of 15-year-old par-
ticipants preferred both materials similarly, i.e. one fifth of 15-year-old partici-
pants did not indicate a preference for either of these options.
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Fig. 11.3 Subjective statements concerning the difficulty of reading aerial images and maps
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Fig. 11.4 Subjective preference for maps and images

— From the results it is possible to conclude that 19-year-old students realise the
information value of maps. Moreover, they achieve objectively better results on
maps compared to images.

— Interesting results might be obtained by also comparing the results with ortho-
photomap preferences, but this question was not included in the test.
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11.5.6.2 Evaluation and Results of Comparison of Visual Interpretation
Efficiency Regarding True-Colour Satellite Images and not-
True-Colour Satellite Images

The second part of the research focused on a comparison of visual interpretation of
true-colour images and not-true-colour images by non-experts, specifically adoles-
cents. True-colour images contain clear, needed colour combinations of channels in
RGB, evoking an impression of the true colours. Images taken by the LANDSAT 7
satellite were selected for testing. In this image the true colours can be obtained
from channels 1, 2 and 3 in green, red and blue. The colour combination “123” is
favourable for non-expert interpretation, because the colours of the object match
with reality. However, not-true colours are frequently used for practical applica-
tions. In this case, combinations of different channels and colours are used and
provide better interpretability of objects or their features. The colour combination
“742” for LANDSAT satellite images were used for testing. The image colours
enabled a very good distinguishing of water areas and flows. These are displayed in
blue or black, which is very close to the real colours. Similarly, the forests are dis-
played in green. Fields are more difficult to find a parallel with reality for non-
expert interpreters; depending on the crop or surface, they appear as a pink-green
mosaic. Built-up areas are displayed with violet shades.

The participants solved identical tasks using true-colour images or not-true-
colour images. With respect to the purpose of not-true colours, we were interested
whether untrained interpreters could achieve better results identifying particular
objects, even if these colours were not true.

The following conclusions can be made based on an evaluation of tasks focused
on the identification of particular objects in not-true-colour images and colour
images:

— The participants achieved an average score of 66-94 %.

— The average score achieved in images with different colours is not the same.
Differences in score were small; differences corresponding to the age groups of
participants were at most 5% (Fig. 11.5). Slightly better scores were achieved
with not-true-colour images.

— Image interpretation skills changed with the participants’ age. Eleven- and
15-year-old students achieved better results with not-true-colour images. That
result is in contrast with their subjective evaluation of image-reading difficulty as
related to colours, as the participants considered the not-true-colour images very
difficult to read, see Fig. 11.5.

— The evaluation of interpretation efficiency in relation to gender shows very simi-
lar values. The only exception was 11-year-old girls, who had significantly better
scores for true-colour images (difference 15 %). This supplements and confirms
the analysis of the reading of aerial images and maps. In this case, both genders
showed similar results with images (there was a difference for maps).

— The efficiency of identification of selected objects and areas varies in relation to
colours used in the image provided as a source for identification (Fig. 11.6).
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Fig. 11.5 Efficiency of object identification regarding true-colour images and not-true-colour
images
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Participants achieved very good scores in the identification of water areas and
rivers shown in not-true colours (water areas: on average 95 %, 15- and 19-year-
old students achieved full 100 %; 83 % for rivers in not-true-colour images vs.
61 % for true-colour images). This confirms the assumption that the selected
colour combination, i.e. LANDSAT 7 image with combination “742”, enables a
very good distinction of water areas and water flows to non-experts. The reason
is that these elements appear in expected and predictable colours.

Participants were slightly more successful in identifying built-up areas, fields
and forests in true-colour images. However, the differences were within 5 %. The
unusual colours used to display built-up areas in not-true-colour images only
confused 11-year-old participants, who achieved a score of 83 % (a very high
score all the same) compared to 96% achieved with true-colour images.
Consistent scores exceeding 70 % were achieved for forest identification in true-
colour images, and the score increased with age, specifically from 58 to 93 %.
Generally we can observe that non-experts and children without previous train-
ing are able to interpret not-true-colour images very well.

Detailed analysis in relation to participants’ age was performed for the task of

identifying the type of land use. (Note: There were very small differences between
genders, so a detailed analysis of results related to gender was not performed.)

The older participants showed a more efficient identification of land-use type.
Significant difference was detected between 11-year-old children and the other
two age groups. The youngest group did achieve a significantly lower score. The
other two age groups were quite equipollent. In other words, there is a big jump
in score between 11-year-old students and the older participants.

Only the score for identification of built-up area types in true-colour image was
very similar across all age groups. Eleven-year-old children achieved almost the
same score as older students.

The success ratio remained unchanged for various areas. Eleven-year-old partici-
pants showed the same differences in score according to the type of area, but the
total results were approximately 20 % lower than the score achieved by 19-year-
old participants.

The participants were also asked to assign a map cut-out to the appropriate

location in satellite image (in both true-colour images and not-true-colour
images). The two cut-outs contained objects with noticeable colours or shapes (e.g.
lake and airport runway); the other two cut-outs contained less noticeable objects
(suburban settlement ad highway crossing). The evaluation brought a number of
results:

Cut-outs with noticeable objects (e.g. lake, shape and colour; airport, shape)
were assigned correctly with a score up to 100 % in several groups of partici-
pants, including the youngest participants.
Colours did not play an important role for map cut-out assignment in aerial
images. Figure 11.7 shows that the score is slightly higher for not-true-colour
images, but the differences are within 9 %.
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Fig. 11.7 Score for identification of particular objects in true-colour and not-true-colour satellite
images

— For the cut-outs containing less noticeable objects, the score was significantly
lower — working with suburban settlements: approximately 50 % of participants
correctly assigned a round settlement with a forested area, and approximately
44 % of participants correctly assigned a highway crossing (both were presented
in true-colour images, see Fig. 11.7).

The identification of landscape changes over time was quite difficult for stu-
dents. The real situation in LANDSAT 5 and LANDSAT 7 satellite images dis-
played a landscape dramatically damaged by surface coal extraction, surrounded by
damaged forest in 1984. After 20 years, this area is significantly reclaimed, but the
extraction still continues in to a limited extent (image dated 2005). However, all the
answers containing a formulation mentioning a positive change, such as “forest
ratio is increased”, “forests are greener”’, “there are more meadows, fields and
ponds”, “the damaged areas are smaller”, “the landscape looks more healthy,
greener”, etc., were considered to be correct.

The results show that:

— Participant’s age played a significant role in the ability to specify the changes in
the area. Nineteen-year-old students achieved significantly higher scores, prob-
ably also thanks to a deeper knowledge of environmental issues, as they are con-
fronted with these issues throughout their education.

— Further analysis of results according to gender shows that girls achieved higher
average scores than boys. In the 15-year-old students’ group, this could be due to
girls’ faster development to maturity and better formulation and synthetic think-
ing. Figure 11.8 shows that in the 19-year-old students’ group, both genders are
much more capable.
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Fig. 11.8 Identification of changes in landscape based on pair of satellite images from different
time points, sorted according to gender

Moreover, subjective classification of the difficulty of object identification in
true-colour images and not-true-colour images was evaluated as well. We wanted
to know if the subjective evaluation corresponds with the objective results and how
the subjective evaluations change with participants’ age.

The following conclusions can be derived from an analysis of the subjective
evaluations:

— Although objectively the students achieved better scores with not-true-colour
images, eventually the results were very similar (see Figs. 11.5, 11.6 and 11.7).
Subjectively they considered reading of not-true-colour images to be very
difficult.

— Participants assigned ratings ranging from 4.0 to 4.8 to the not-true-colour (scale
1-5; 5 for maximum difficulty). The true-colour images obtained ratings from
2.1 to 2.6.

— Subjective evaluation of the difficulty of satellite image interpretation in relation
to colours used (Fig. 11.9) does not correspond with the objective scores achieved
by participants for the particular type of image. Not-true-colour images are con-
sidered very difficult to read. Objectively, the efficiency of reading true-colour
images and not-true-colour images is very similar. In some cases, the participants
achieved higher scores with not-true-colour images.

— From our investigation it is obvious that colours used in the image have a signifi-
cant impact on the subjective perception of interpretation difficulty.

Just as a curiosity, we mention that during the testing, the students frequently
called the not-true-colour image “that map”. We asked why they used this expression,
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Fig. 11.10 Subjective evaluation of reading images — is it interesting and amusing?

and they specified the colours as the reason. They saw a parallel with the map which
also used colours deviating from reality.

— Students find the work with images interesting. More than 70 % of participants
selected the answer “yes, very interesting” or “yes, partially” (see Fig. 11.10).

— The answers were very similar across age groups. More than 70 % of students
regularly (i.e. at least twice monthly) or irregularly look over images.
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One question in the test was focused on the use of images in lessons from the
students’ view, i.e. if they use images and, if so, if the use is detailed or just mar-
ginal. A high degree of evaluation subjectivity was detected in the answers.
Specifically, students from the same class provided different answers, even if they
attended the same lessons. Our research shows that the use of images in lessons
occurs later and less intensively compared to students’ desire to work with images.
The use of images at school depends on the teacher’s interest. According to stu-
dents’ feedback, the degree of image integration in lessons varies across individual
schools. However, it is necessary to mention that the 11- and 15-year-old partici-
pants were from two schools only, and thus this result cannot be generalised. More
complex information concerning use of images in high schools can be deduced from
the answers of 19-year-old participants, who graduated from various grammar
schools. Students worked with aerial or satellite images during their studies in high
school rather sporadically; 68 % of participants selected the answer “never”, 31 % of
participants selected the answer “rarely” and only 2 % of participants selected the
answer “regularly”.

A special questionnaire for geography teachers (45 participants in 2013) showed
that older teachers who were not specifically trained on the use of remote explora-
tion in geography integrated a significantly lower number of images into their les-
sons and were also more sceptical of the students’ abilities to interpret images.

11.6 General Conclusion of the Research

Young people explore the world using aerial and satellite images accessible mainly
via the Internet. These images might be gradually integrated into lessons as new
material for tasks in geography and other subjects.

The purpose of the research performed in 2013 with 378 participants, specifi-
cally 11-, 15- and 19-year-olds, was to compare differences in the efficiency of
visual interpretation of maps, aerial images and satellite images in various colour
presentations. It was found that 11-year-old students achieve better scores with
images than with maps and that the scores are very similar for girls and boys.
Nevertheless, boys achieved better scores with maps than girls. Differences in map
skills related to gender were also confirmed by Chang and Antes (1987). Personal
preference for maps or images varied with age. Younger students preferred images,
while 19-year-old students preferred maps. These results could be connected with
the gradual development of abstract and spatial thinking in adolescence. A
comparison of scores for true-colour images and not-true-colour images provided
interesting results. Although objectively the students achieved better scores with
not-true-colour images, subjectively they considered the reading of not-true-colour
images to be very difficult. Participants’ age was identified as a significant factor of
success for tasks focused on the investigation of landscape changes in satellite
images. This specific task was too complicated for 11-year-old students, and
they needed the teacher’s support. More than 70 % of students view images in their
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leisure time and find this activity interesting and amusing. Despite that interest,
more than half of the participants report that they do not work with images at school.
Images produced by high-end technology are still better accessible via the Internet,
and young people find them attractive. Their integration in geography lessons could
bring new incentives for both students and teachers.

The primary contribution of this research to teaching activities is the finding that
students possess high-level skills for work with images, especially younger stu-
dents, who are better at interpreting images than maps. Children’s ability to inter-
pret aerial images was also confirmed in a study performed by Liben and Yekel
(1996) and Muir and Blaut (1969). It would be suitable therefore to integrate both
document types (aerial images and maps) in education. Students can better realise
abstract representation of reality in the map. Working with images helps students
develop their skills related to unusual orthogonal views, including the gradual tran-
sition from the interpretation of oblique images to the interpretation of orthogonal
images and subsequent interpretation of the map, which is in fact also an orthogonal
view of the area using symbols.

Work with true-colour and not-true-colour satellite images also helps develop
cartographic skills. Using not-true colours also proved to be favourable for primary
school students; no increased difficulty of image interpretation related to not-true
colours was confirmed. Working with not-true-colour images develops new skills
applicable for map interpretation. Students are confronted with documents showing
reality in unnatural colours, i.e. the reader must deal with the fact that the picture
deviates from reality. This skill can also be used later for map interpretation. Another
advantage of not-true-colour expression is the potential for highlighting some
objects and features normally hidden from standard sight.

The development of visual and cartographic skills by tracking landscape changes
in satellite images taken from different points in time seems very promising. This
activity and skill must be trained. It is difficult for younger students, but they achieve
very good results with a teacher’s support (see also studies performed by Blaut et al.
(1970)). Landscape changes and their environmental evaluation represent an impor-
tant part of an education in landscape and environment protection. The monitoring
of landscape changes is also necessary in case of an emergency situation when such
changes could indicate a natural or human-induced catastrophe. Working with satel-
lite images, aerial images and maps is an educative activity requiring student
involvement. Blaut (1997) confirms that an active approach to working with maps
and images supports improved development of new knowledge and cartographic
skills. When testing the big group (in total 378 participants), we observed that most
students were absorbed by the activity and worked continuously from start to end.
This is significant, as students work and learn best when the activity is interesting
for them and gives them a feeling of satisfaction and practical usefulness. According
to the trend, satellite and aerial images are very useful tools which can be integrated
into geography lessons. Our research supports the use of satellite and aerial images
in education. The research will continue with other test groups composed of older
students as well as senior participants, non-experts and professionals working with
images and maps.
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