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Abstract: Learning videos can be concise learning packages that offer a wide range of possibilities
when it comes to present topics in an up-to-date way and disseminating them in a variety of learning
environments. Videos are already a primary source of information in our society; however, few
examples convey earth observation topics. Over recent decades, numerous studies established
guidelines on how educational videos can be successful. This paper presents a workflow to use these
guidelines in the creation of learning videos covering the basic concepts of earth observation. The
target groups for these videos are secondary students as well as anyone interested in learning about
earth observation. Two of those videos, one on earth observation in general and one on the basics
of the electromagnetic spectrum, were used in this research. To test whether or not the workflow
leads to effective learning videos and to compare them to traditional text and illustration material
derived from those videos, a pre-test/post-test study was undertaken focusing on German pupils in
their final year at secondary school as well as first semester university students. Due to the special
circumstances faced during the COVID-19 crisis, this experimental setup used a combination of
online questionnaire tools and a web environment. The results show that both methods were effective
resources that led to a significant increase in knowledge—raising the test results by 21% for the video
and 13% for the text and illustration group.

Keywords: earth observation; explainer videos; secondary students; educational videos; electromag-
netic spectrum

1. Introduction

Today, earth observation also known as remote sensing, and the information derived
by it supports and influences decisions in modern societies on all levels from governmental
to individual, public to private. As useful as this information is to society, few people know
about its background. To address this issue early on, activities funded by national and
internal space agencies, such as the DLR or ESA attempt to implement topics connected
to earth observation in schools [1]. The methods and materials used in these efforts range
from hands-on experiments (http://columbuseye.rub.de/english/, accessed on 4 October
2021) to fully interactive units (https:/ /fis.rub.de/en/teaching-materials, accessed on 4
October 2021) (Appendix A) [2].

Thus far, learning videos have not been used, as the main focus has been on interactive
teaching materials. While those interactive materials remain of high importance, develop-
ments in recent years shifted the focus towards videos as a means to convey background
knowledge of remote sensing. This raises the question of whether videos are a suitable
way of communicating these topics and if so, how effective they can be compared to other
approaches. This paper aims to present a workflow for learning video production that
is in accordance with general guidelines for the creation of multimedia learning content.
A selection of those videos is integrated into an experimental pre-test/post-test study to
test them for efficiency and compare them to other material based on text and illustration.
The special circumstances of the testing environment made an in-depth exploration of the
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data necessary to ensure any bias that was possibly introduced by the test setup would be
accounted for and the correct methods of statistical analysis were chosen.

Videos are already a prevalent source of information and are becoming increasingly
important. They are, for example, the main source of information in Massive Open Online
Courses (MOOCs) [3], which are increasing in numbers every year [4]. Large public
video platforms have emerged, of which YouTube can be considered the most important.
A recent study of online use in Germany shows that educational content in the form of
short explainer videos is one of the main content types consumed by frequent users of
the platform [5].

When looking at the use of digital education materials, another study in Germany
found that videos are very often used by educators, as well as students, pupils, and the
general public [6]. In this regard, it is also important to notice that, while the main target
audience for the videos produced and evaluated for this study are students and pupils,
anyone entering the field of remote sensing relies on well-structured information and,
therefore, is a potential consumer of the videos. Thus, such videos contribute to the
geo-spatial data literacy of these consumers [7] while demonstrating the potential and
limitations of earth observation.

Furthermore, the implications of the COVID-19 pandemic forced educational institu-
tions to establish practices for a variety of remote teaching methods. While students do not
necessarily approve of distant learning techniques in general, online teaching will likely
become more prevalent in different teaching institutions, and the demand for effective
digital materials will rise [8]. Educational videos will play an important role because they
are an effective learning resource when used and created properly and have the advantage
of easy online dissemination [9,10].

1.1. Educational Videos in Natural Sciences

For conveying the natural sciences, videos and particularly animations are an im-
portant resource. They have the potential to show abstract topics by either simplifying
them or use a distorted perception of time or size to visualize phenomena that would
be otherwise imperceptible to human senses [11]. Showing real-life images may lack the
generalization needed to focus the learner on the important aspects needed to understand
the phenomenon. In the natural sciences, there is an abundance of such topics, for instance
the electromagnetic spectrum and cell biology.

Planetary movements or the formation of continents are best demonstrated in an
appropriate time and size relationship. This is seen in education whenever scientific results
are communicated to a broader audience. Animation and science have a strong relationship
starting at the very beginning of cinematography as the first animation ever produced
served to settle a debate on animal kinematics [12].

While educational videos in STEM (Science, Technology, Engineering, Math) subjects
are common, there are a few examples of them being used to convey remote sensing topics.
Comparable approaches are presented by the US-based NEON organisation (https://ww
w.youtube.com/watch?v=3iaFzafW]JQE, accessed on 4 October 2021) or in on other online
lessons (https:/ /study.com/academy/lesson/what-is-remote-sensing.html, accessed on
4 October 2021) where aspects of remote sensing are conveyed to the general public or
pupils using explainer videos. Both videos address a broad range of topics while pairing the
applications of remote sensing with technical information.

The materials in this study split these aspects in different videos, to make them more
dynamically applicable. Most video resources on remote sensing found online is content
from Massive Open Online Courses like EO College [13] that come in the form of hands-on
tutorials and talking head videos of experts (https://www.youtube.com/watch?v=LQiO
A7euaYA, accessed on 4 October 2021). The target audience for those are participants of
advanced and introductory training on various aspects of remote sensing.

As for the non-experts and the general public, there are several examples of videos
from space agencies, such as the ESA or NASA, which often have a more informative
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character and sometimes tend to advertise the potential of satellite systems and capabilities
of the respective space agency in general rather than conveying the basics of the technology
itself (https:/ /www.youtube.com/watch?v=NOG_3FWOOPA, accessed on 4 October 2021,
https:/ /www.youtube.com /user/NASAEarthObservatory, accessed on 4 October 2021).
Thus, there is a gap to be filled by video material to support unbiased data literacy of the
target groups. On the one hand, such videos inform pupils and students about the fields of
application of remote sensing and on the other hand teach the fundamentals of naturals
sciences connected to earth observation.

Educational videos come in many formats, each having its characteristics when it
comes to production as well as application. Therefore, before creating educational videos
and testing them for efficiency, it is important to decide what kind of video learning
resource is appropriate for the task and subsequently subject of the study. Koster, in his
book, “Video in the age of digital learning” [14], defined six primary types of instructional
videos (cf. Table 1)

Table 1. Primary types of instructional videos according to Koster.

Type Characteristics

Video often featuring an instructor presenting

Lecture videos in a classroom situation. Tutorials and

Screencasts also fall into this category.
Shorter clips emphasizing graphics and
animation as well as demonstrations focusing
on general topics rather than in-depth
elaborations of a subject.

Webinars that are not pre-recorded. Due to the
instructor being present in Live Content, this
offers an aspect of interactivity that the other

types do not.
A hybrid format often encompassing a
narrative plot as well as a broader range of

Documentary /narrative visualizations and scenes realized in high

production value. Often bordering the realm of

infotainment.

Video style that can contain elements or full
content of the other styles but with other
elements, such as scripts, quizzes, or links in an
interactive layer.

Video content, such as messages, reports,
presentations, or assignment responses,

User-generated content produced in conjunction with collaborative

teaching formats. Generally low production
values.

Explainer Videos

Live Content

Videos integrating other media

While this gives a comprehensive theoretical overview, one should be aware that the
characterizations are generalized, and often the types cannot easily be separated from one
another. There is no reason why, e.g., a lecture video should not include animations.

Of those primary types, the videos that are subject to this study fall in the category of
“Explainer Videos”. A study committed by Krdmer and Bohrs [15] also indicated that this
type of video is especially suited to educate a target group without previous knowledge
and has already been proven to be effective in other fields of application.

High school pupils and first-semester university students of geography are the main
target group for the content addressed in this paper, and thus the characteristics of this
category were the most fitting.

1.2. Effectiveness of Videos

Learning with videos is not guaranteed to be effective. Studies show, for example,
that pupils tend to skip whole sections of learning videos [16], and sometimes the material
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is of little help when it comes to enhancing the learner’s performance [17]. Therefore, one
should keep in mind that, before trying to prove whether learning through video is more
efficient in comparison to other methods, it is important to make sure that it is working
at all. Generally, studies tend to show mixed results when comparing video materials to
other teaching materials, such as plain text or traditional lectures [9,17].

A study comparing how effective math topics could be taught to fourth graders using
either cartoons or plain text showed significant advantages of the video material [18],
while other studies, including a study by Lang [19], that replicated the same content on
learning computer skills in both text and video format found no significant difference
between experimental and control groups. In general, given how frequently videos are
used for educational purposes today and how diverse they can be regarding the target
audience as well as the different techniques used to communicate knowledge, there is
a demand for experimental studies exploring how well certain content is conveyed to a
learner using video.

The fluctuations in the results do not indicate that videos are a superior way of self-
teaching compared to traditional methods, such as text and illustration. This phenomenon
is not restricted to video alone and can be observed in many studies in the field of educa-
tional multimedia content [20]. Learning videos are an amalgamation of different agents
that convey knowledge. Animations, graphics, narration, or production quality may each,
on their own and in combination, have an influence on the outcome. Highly differentiated
content types meeting different target groups make it hard to discern if the outcome of a
certain study is relevant for the planned content or not, and what seems to work better in
one situation does not necessarily yield better learning results in another.

This paper takes into consideration this strong dependence on content and presenta-
tion by explaining the content as well the methods used in production in more detail in the
methodology part. In this way, the outcomes of the study can be better interpreted in the
light of the content that was used for the study. The general aim of the study is to answer
the question of whether educational videos in the form of explainer videos are a viable
resource for the teaching of remote sensing basics and how they compare to traditional text
and illustration material.

Section 2 explains in sufficient detail what means were used for the creation of the
videos as well as for the setup of the study. The statistical methods are discussed here
before the outcomes are presented in Section 3 and evaluated in Section 4.

2. Materials and Methods

The foundation upon which the production of the two explainer videos for Earth
Observation “Introduction to Earth Observation” and “The Basics of the Electromagnetic
Spectrum” was planned and executed was laid out by Mayer and Clark’s [20,21] extensive
work on compiling findings of studies in the field of multimedia learning and shaping
them into applicable guidelines. It will be explained how the recommendations of those
guidelines are met. Furthermore, the experimental setup of the pre-test/post-test study is
presented as well the statistical means used in the data analysis.

2.1. Guidelines and Production

Given the variety of different video types and visualization techniques involved
in learning video production, it is important to avoid pitfalls that would prevent the
material from being effective. Those guidelines have been established by cognitive and
educational psychologists and present a helpful starting point [20,21]. As these guidelines
are for educational multimedia content in general, we interpreted and selected them into
measures that suited the production of the videos (cf. Table 2).
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Table 2. Design principles by Clarke and Mayer 2014 [21] that are relevant for the videos in the study.

Principle Description

People learn better if extraneous and

Coherence distracting material is excluded.

People learn better when words and pictures

Spatial and temporal contiguity are physically and temporally integrated.

People learn better when information is

Segmenting presented piecemeal rather than all-at-once.
Modality Pepple learn better from graphu:.s and

narration than from graphics and printed text.

People learn better when cues are added that

Signalling highlight the key information and its
organization.
. People learn better with a standard accented
Voice i
voice.
People learn best from a more informal,
Personalization conversational voice than an overly formal

voice.

We also did not include the whole set of principles and left out, e.g., the “Multimedia
Principle” because it implies the use of words alongside illustrations [22], which is self-
evident in video content. The principle of “Pre-Training”, stating that people learn better
if exposed to the concepts of the topic before was not considered because of the expected
lack of previous knowledge in the target group.

Another important contribution for making learning content effective is the cognitive
load theory by Sweller [23] stating that the complexity of a topic can be described as the
cognitive load and is the sum of intrinsic load, inherited by the topic itself, and the extrinsic
load that is created by the means of teaching. While the intrinsic cognitive load cannot be
influenced, keeping the extrinsic load as low as possible is the goal of any teaching material.
Both of these research-based approaches influence each step of the production process that
will be described here alongside the tools used in each of the steps.

2.1.1. Conception

In the Conception phase, the topic, as well as the learning goals for the video, are
specified. The main target audience is schools, and thus the curriculum was also taken
into close consideration. Since earth observation itself is not a part of the curriculum in
Germany, and satellite images, in general, are barely addressed [24], we were looking for
topics that occur and can be demonstrated or illustrated with remote sensing. The video
titled “Introduction to the Electromagnetic Spectrum” is a fitting example for this strategy
since this topic is taught in physics classes, and earth observation is a good example of its
application. At this point, we also decided the amount of content, as this influences the
length of the video, which has a major influence on student engagement. Lecture videos
should not be longer than 9-12 min according to a study by Guo, Kim et al. [16]. As the
potential target audience ranges from pupils to adults, we decided that the maximum
length should not exceed 7 min.

2.1.2. Storyboarding

The Storyboard is a crucial part of the production process. It is the foundation upon
which the whole process afterward is built and where the video content is decided, and it
should only be subject to small changes thereafter. The text for the voiceover is the core of
the storyboard. It dictates the visualization that is planned accordingly and is split into
purposeful sequences.
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The length of the video was set here by aiming for a maximum word count of 800-900 for
the script resulting in 5-7 min of video. We also decided what kind of content was included or
not. This is where the coherence principle is applied in a planning stage before even the first
visualization is produced. Carefully reiterating over the storyboard helps to focus on relevant
content and “weed out” any distracting information. The way the storyboard was created is
shown in Figure 1.

Description of
the visualis-

Sketches or images helping in later
production

ation and pos-
sible source.

Script of the voiceover

SKIZZE DER VISUALISIERUNG

BESCHREIBUNG DER
VISUALISIERUNG und Quellen

SPRECHTEXT

ANMERKUNG

Satellitenbilder als Bildanimation
(Bewegung wie Uberflug /ISS
Videos)

http://columbuseye.rub.de/live/

NOAA Material

Bilder aus dem All. Sie zeigen unseren Planeten aus
neuen Blickwinkeln und in den ungewshnlichsten
Farben. Doch sie sehen nicht nur schon aus! Sie
versorgen zum Beispiel Wetter und Kartendienste mit
aktuellen Daten, und auch bei der wissenschaftlichen
Erkundung des Planten Erde sind sie ein wichtiges
Werkzeug, denn mit ihrer Hilfe werden Informationen

https://www.nhc.noaa.gov/satellite | 9esammelt deren Analyse zum Verstandnis des
ohp Systems Erde und des Wandels in dem es sich befindet
einen unschatzbaren Beitrag leisten.

Doch wie geschieht das? Wie sehen diese stillen
Beobachter, die Satelliten, aus? Welche Daten liefern sie
und wie helfen sie uns dabei die hochdynamischen
Prozesse auf unserem Planeten zu verstehen und zu
erkennen welche Rolle der Mensch dabei spielt?

FE-Produkte ( 3D Modelle/
Karten/ Thermal)

Film Wissenschaftler vorm
Rechner (Kollegen vorm Rechner
filmen)

Satelliten auf Umlaufbahnen,

Satelliten als lllustration werden Raumfahrtorganisationen wie die ESA oder die NASA
eingeblendet aber auch private Unternehmen haben eine groBe
Anzahl Satelliten in den Erdorbit gebracht. Diese Vielfalt

ist notwendig, da die verschiedenen Sensoren nur

Figure 1. Storyboard as the basis for the production.

The planning of the visualization is also an important part of this phase. Deciding
what kind of animations, images, or videos work together with the voice to transport the
information as best as possible can have a great influence on the efficiency of the final
product. It also has to be decided where the visual material comes from. Most of the
visual materials used in the videos fall into one of the categories shown in Table 3. Those
categories offered the most freedom in terms of visualization. Self-produced animations are
by far the most time-consuming part of the whole production process but can be tailored
to the exact needs of the script and must also not be subject to copyright issues. Combining
already produced animations or even self-produced videos helps to tailor them more
accurately to the topics that were established in the storyboard.
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Table 3. Visual content used in the videos.

Category Description Example

Animation created using
animation software, like
Adobe After Effects or Blender.
High production effort.

Self-produced animation

Recorded scenes that are
sometimes altered with

Self-produced video .
animated overlays.
Medium production effort.
Video material mostly made
Professional third-party available by space agencies,
content like ESA or NASA.

Low production effort.

Mostly satellite images that
are animated to show, e.g.,
Animated images changes over time or different
spectral information.
Medium production effort.

2.1.3. Audio

As indicated by the modality principle, spoken text is beneficial for educational
multimedia material [21]. Reasonably good equipment (Rhode NT-USB, Sydney, Australia)
was used, and the speakers underwent some basic training on how to record and post-
produce audio. The audio was recorded before the visuals were produced so that the pacing
of the animations would be temporally matched according to the principle of temporal
contiguity [25].

2.1.4. Animation

The sequences that were defined in the storyboard were visualized using the software
Adobe after Effects CC 2020. In some cases, 3D animations were also used, which were
created in Blender modelling and animation software. While many of the decisions on
how the work in this phase is carried out were already made in the storyboard stage, the
different principles as well as the efforts to reduce the extrinsic cognitive load are of the
highest relevance and are addressed here.

Coherence is the main principle that permeates every step of the production process.
In visual terms, it is implemented by showing only necessary graphics that are addressed in
the voiceover. This works in strong conjunction with sequencing and temporal contiguity,
by letting new graphics and information appear when needed and in synchronization with
the voiceover, which is illustrated in Figure 2.
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Figure 2. New elements of an animation are added and changed following the voiceover. (A) “To see
is to perceive light with our eyes”; (B) “Light is electromagnetic waves”; (C) “Those waves differ in
their wavelength, there are long and short waves. The entirety of all electromagnetic wavelengths is
called the electromagnetic spectrum. It ranges from very short, e.g., X-rays, up to very long waves,
like radio waves”; and (D) “We humans see with our eyes only a small part of this spectrum”.

2.2. Experimental Setup

While it is interesting to test whether a learning material is effective at all, it is impor-
tant to compare different forms of teaching materials to elaborate if a learning effect can be
attributed to a specific agent or not. The experimental setup was carried out online due
to COVID-19 governmental restrictions. The target groups were pupils of grade 12-13 in
German high schools as well as first semester university students of geography that had
not yet participated in GIS or remote sensing lessons. The videos used can be accessed via
the links in the Supplementary Materials section of this paper.

The online survey platform EvaSys was used to administer a pre-test of 12 questions
regarding basic remote sensing knowledge in the form of multiple or single-choice questions.
Participants were also asked to assess their pre-knowledge of earth observation. All questions
were evaluated and tested by a selected group of students as well experts involved in teaching
remote sensing to ensure reliability. The difficulty of the questions was reflected in a weighted
score where more basic questions scored lower than questions that required a more in depth
understanding of the content presented in the videos (cf. Figure 3).

or
(multiple choices possiblel)

light from short to long?

D cartography D changes in land use D telecommunication

1.1 Which of the following topics are earth observing satellites used / f;
o g top e g ed [7] astronomy [] meteorology [[] farming o

12 Wnatis the correct order if you sort the wavelenght of the visible (7) red-green-biue  (O) blue-greenred () green-blue-red () blue-red-green
(O green-red-biue

Figure 3. Two exemplary translated questions from the questionnaire representing different levels of difficulty. (A) simple

and (B) demanding.

After completing the pre-test, the participants were redirected to a website that was
specifically created to randomly present two videos or a text and illustration version of the
content separated into chapters.
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According to Clarke [26], in test setups for multimedia learning, a comparison group
should be treated to a “low tech” alternative method. For an adequate test, this group
should be offered the same benefits and content as the test group except for the agent—
which, in our case, is the video itself. For that reason, the text and illustration version was
presented in the same style and environment as the videos. The text was a slightly modified
version of the storyboard script of the videos, and the illustrations were created out of
screenshots from the videos. In this way, both materials were the same in terms of content
as well as the environment that the content was presented in as can be seen in Figure 4.

Kapitel
@ 1. Bilder aus dem All Hinweis _
Bitte schauen Sie e Lernmaterialien aufmerksat S e alle Kapitel angewahlt habe

@ 2.Einfiihrung in das
elektromagnetische

Spektrum s ) )
2. Einfiihrung in das elektromagnetische Spektrum
. Elektromagnetisches Spektrum Einfiihrung ... © »
Spaterans.  Teilen
G
T A
WEITERE VIDEOS
» ¢ 157/320 B L7 Youlube 5] I3
und was seh n
Kapitel

alle Kapitel angewahit

@ 1. Bilder aus dem All Hinweis _
@ 2. Informationsarten von SISECHES tesk-Tortfante

Satelliten

8. Sichtbares und unsichtbares Licht

@ 3. Héufige Aufnahmen:

Meteosat Jede Farbe kann einem bestimmten Wellenlangenbereich zugeordnet werden. Das kann man

leicht mit einem Versuch beweisen! Denn mit Hilfe eines Prismas kdnnen wir das Licht brechen
und in seine einzelnen Farbkomponenten zerlegen. Das Prisma bricht jede Wellenldnge in
einem unterschiedlichen Winkeln. An der Wand sehen wir dann die fiir uns sichtbaren Farben:
rot, griin und blau sowie verschiede Zwischentone. Einen dhnlichen Effekt kennen wir auch vom
Regenbogen. Hier brechen Wassertropfchen in der Luft das Sonnenlicht.

(@ 4. Hohe Auflsung:
Sentinel 2

(@ 5. Hohendaten aus
Radarwellen: Sentinel 1

(© 6. Bandbreite von
Satelliten und ihren
Anwendungen

@ 7. Abseits des
Sichtbaren

@ 8. Sichtbares und
unsichtbares Licht

@ 9. Unsichtbare
Wellenlangen im

Satellitenbild Ein Prisma nutzt die unterschiedlichen Brechungswinkel der Wellen und kann so das vermischte Licht in seine

Figure 4. Comparison of test environments: (A) video and (B) text and illustration. Both environ-
ments share the same layout and user interface.

The website detected whether the participants interacted with all chapters, and a
display button would appear allowing them to continue to the post-test. All the questions
from the pre-test were asked again as well as questions to determine what material they
were exposed to. According to Ary et al. [27], the experimental setup could be characterized
as a “Randomized Subjects, pre-test-Post-test Control Group Design” with either text and
illustration or video as treatment.

2.3. Statistical Methods Applied

Before both materials can be compared, it is necessary to ensure that they function at
all. To test this, a t-test was run on the pre-test and the post-test scores of both groups to
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indicate the significance of the result. After confirming that both types of instruction had
an effect on the respective group, methods for comparing those groups were applied.

For analysing pre and post-test data in educational studies, there are different methods
suggested by the literature. A common method used is the gain score analysis. Here, the
difference between the pre-test and post-test for each participant is calculated and averaged
for both the test and control group. This average gain can then be compared by subtracting
the post-test mean gain value of the comparison group from that of the test group. A t-test
run on the post-test scores of both groups then can be used to control for the statistical
significance of this result [27,28].

Alternatively, a one-way Analysis of Covariance (ANOVA) can be used to determine
whether the means of the gain scores of the groups have significant differences in the
outcomes of both groups. The average gain scores of the groups can then be compared to
determine which group scored higher. A third approach is to use an analysis of covariance
(ANCOVA) where the post-test results are used as the dependent variable and the pre-test
results are used as a covariate to correct for initial group differences.

In practice, the gain score analysis as well as ANCOVA are widely used [29] in educa-
tional research but are subject to a decades-long and ongoing discussion amongst scientists
as, in certain situations, the methods can yield contradicting results, a phenomenon that is
referred to as the “Lord’s Paradox” [30] stating that, if one method points to a significant
difference between the test group and comparison group and the other does not, only one
of them can be right.

While gain scores offer a more readable result by showing an effect size for each stu-
dent, e.g., grades improved over time of a whole treatment, ANCOVA offers the statistical
significance of treatment. Generally, the literature favours ANCOVA but also indicates
that the research questions are slightly different for each. The gain score analysis answers
the question of whether the change group mean of individual gains from pre to post-test
differs significantly, while the ANCOVA “addresses the question of whether an individual
belonging to one group is expected to change more (or less) than an individual belonging
to the other group, given that they have the same baseline response” [31] (p. 124).

Adapted for this research, this means: If all individual pre-test results would be on
the same level, does the method of instruction make a difference? While being slightly
different, both answer the question of whether the learning material is effective or not.
Kohler et al. argue that, when it comes to answering the question if a certain type of
instruction is more effective than the other, the difference is artificial, and “the question is
identical” [32] (p. 8).

If the group assignment is randomized, as in this study, there should not be any differ-
ences and gain scores, and ANCOVA should report comparable outcomes [30]. However, if
two methods could potentially give a contradicting answer to the same question, we argue
that it is necessary to apply both methods to see whether the “Lords Paradox” applies and,
if so, make a sound decision based on the data regarding which method gives the more
reliable answer. For this reason, gain score analysis in conjunction with a one-way ANOVA
as well as an ANCOVA with the pre-test results as a covariate were used for data analysis.

3. Results
3.1. Treatment Efficiency
A t-test run on the pre-test and post-test results of the video group showed a significant

difference (F = (1.25), p = 0.00). A t-test was admitted on pre-test and post-test results of the
text/illustration group and indicated a significant difference (F = (1.29), p = 0.00).

3.2. Assumptions for ANOVA and ANCOVA

Before methods can be applied the data has to fulfil several conditions that are tested
hereafter. The assumptions of normality for the applicability of both ANOVA and ANCOVA
were met according to the Shapiro-Wilk as well as Kolmogorov-Smirnov test with the
results being not significant (cf. Table 4).
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Table 4. Tests of normality.

Tests of Normality

Kolmogorov—Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Pre-test video 0.144 26 0.178 0.957 26 0.330
Pre-test text 0.089 30 0.200 0.969 30 0.519
Gain scores video 0.164 26 0.069 0.954 26 0.288
Gain scores text 0.116 30 0.200 0.962 30 0.354

The gain scores violate the assumption homogeneity of variances for ANOVA accord-
ing to Levene’s test reporting a significant result (F = 4.045, p = 0.049) making a robust
Welsh test on gain scores necessary. The homogeneity of regression slopes as a prerequisite
for ANCOVA was tested by calculating the variable interaction of the covariate, i.e., the
pre-test and the dependent variable, i.e., the video or text group was found to be not
significant (group * pre-test: p = 0.206); therefore, homogeneity can be assumed.

3.3. Gain Score and ANCOVA Results

Table 5 shows a difference in the mean gain scores for the video and the text/illustration
group indicating that the video group benefited more from the instruction than the text group.

Table 5. Descriptive statistics.

Pre-Test Scores Post-Test Scores Gain Scores
N Mean Std. Dev Mean Std. Dev Mean Std.
Dev.
Video 26 13.07 3.46 17.82 3.08 4.75 3.39
Text/Illust. 30 14.38 3.26 17.20 3.29 2.81 2.68

To test if the gain scores differ significantly for each of the groups, a one-way ANOVA
was conducted using the group membership as the independent variable and gain scores
as the dependent variable. If, as stated in Section 3.1, the homogeneity of variances is
violated, suggesting the application of a Welsh t-test that is robust against inequality of
variances [33]

The one-way ANOVA showed a significant difference between the group gain score
means (F (1.54) = 5.65, p = 0.021). The additional Welsh t-test supported this result
(p = 0.024). To evaluate whether the groups differ under the assumption of baseline
equality an ANCOVA was applied. The results showed no significant difference in the
video and text/illustration group (F (1.53) = 3.342, p = 0.073).

4. Discussion

The results showed a discrepancy in the outcomes of the gain score analysis using
ANOVA and the ANCOVA making it necessary to decide which one is right.

The strength of ANCOVA is to correct for group differences on baseline by removing
the variance from the post-test that can be explained by the pre-test. The residual variation
then reflects the change from the pre-test [34]. The danger lies in overcorrecting natural
occurring group differences, like “male” and “female” or non-randomized or self-selected
groups that would introduce a new bias and distort the outcome [30]. The randomized
selection of groups in this study averts this effect. However, the different outcomes may
point to some unknown bias that might have been introduced by coincidence or test design
that might be contributed to the online setup where some factors could not be controlled as
rigorously as in a traditional experimental setting. While it remains unclear how this bias
was introduced, the data shows how it is expressed.
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In looking at the pre-test scores of both groups, the mean score for the comparison group
at 14.03 was higher than the score of the test group at 13.08. The boxplot (cf. Figure 5) of the
pre-test data also clearly shows the higher median (video = 12.25; text/illustration = 14.75) and
higher positioning of the interquartile range of the text/illustration group.

22
20
18

16

14

12

10

Text/Illust. Video

Figure 5. Boxplot of the pre-test data.

The potential gain that could occur was higher for the group that scored lower on the
pre-test—in this case, the video group. A ceiling effect occurs that limits the gain for the
group that scored higher on the pre-test. Figure 6 illustrates this by plotting the gain scores
of the participants against their respective pre-test scores showing that participants who
achieved a low-test score in the pre-test indeed contributed more to the general gain than
those who achieved a high pre-test score.

Gain Scores at different Pre-Test Levels in Video
Group
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Figure 6. Cont.
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Gain Scores at different Pre-Test Levels in
Text/lllustration Group

pre-test Scores

Figure 6. Gain scores plotted against their respective pre-test scores.

This inequality of groups in the pre-test has a high possibility of influencing the
outcome if gain scores for the analysis are used. By introducing the pre-test scores as a
covariate in an analysis of covariance, this potential bias was levelled, and the results of
the analysis of the ANCOVA are considered relevant for this study. Thus, the Hy for this
study: “Participants, when sharing the same pre-test score, improve at the same rate when
learning with video or text and illustration-based material”, was not rejected.

The videos produced for this study followed scientifically established guidelines
for learning media production and adapted them to remote sensing where necessary as
presented in Section 3. Yet, the outcome of the experiment does not support the idea of
videos being a more effective learning material than a more traditional combination of
text and illustration. As mentioned in the introduction, this might not be a surprise, as
other studies also presented similar results. Before coming to the harsh conclusion that the
production effort for learning videos is wasted, several factors should be considered.

4.1. Similarity of the Material

As mentioned in Section 2, this study went to great lengths to make the content equally
appealing for both groups. Thus, the effort that went into, e.g., creating concise language,
was the same for both materials. The illustrations were directly derived from the video
content; therefore, they visually supported the learning content in the same way the videos
did except for the animation, which was intentional as explained in Section 2 and enabled
us to single out the video as an agent that could be tested for efficiency. This is a necessary
step to ensure the validity of the test instrument, but when comparing two similar effective
methods, it would be surprising if one group had performed better to a high degree.

4.2. Topics and Ceiling Effects

As shown in the results, both materials succeeded at covering the topics, raising
the mean of the outcome score from 14.38 to 17.20 out of 21.5 in the case of the text and
illustration group and 13.07 to 17.82 out of 21.5 for the video group. Even though both
groups changed significantly in the end, there was little room for more improvement, and
the statistical ceiling effect when approaching the maximum of the possible scores might
be in play.
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Here, the selection of topics, which were merely introductory, might be a factor. We
considered remote sensing to be a relatively new topic to the participants. This is reflected
in a question in the pre-test where the students were asked to rate their previous knowledge
of remote sensing on a scale from “1: I know a lot” to “6: I know little”. The mean of this
rating was 4 for both groups; thus, they rated themselves quite low on average. The pre-test
results on the other side while improving significantly in the post-test were quite high from
the beginning.

Earth observation knowledge at this level consists of some topics that are taught in
other contexts in schools, such as the electromagnetic spectrum. Other questions might
be answered correctly by common sense and general knowledge. In particular, the first
of the two videos conveyed more basic topics. Therefore, there is the possibility that the
advantages of animation and video did not have the chance to fully play out, and a more
advanced choice of topics could have yielded different results.

4.3. Motivation

Looking at the gain scores in Figure 6 for the text/illustration group, a few cases
are visible where the gain was negative, meaning that the post-test score was lower than
the pre-test score. This is also visible in the video group, but mainly at the upper end
of the scale where this can be expected since the margin of error here is lower. In the
text/illustration group, this loss of gain was more severe and spread more evenly. A
possible explanation could be a form of subject attrition that, in long-term or demanding
studies, would cause participants to leave the study [27].

In this case, it might be that some subjects became more careless regarding their
answers because of the nature of the material. The few observed cases are not sufficient to
verify this hypothesis; however, it might be worthwhile investigating in the future. During
the online test, it was observed that 22 participants that took the pre-test never continued
to the post-test. Unfortunately, there is no way of determining whether those dropouts
came from the video or text/illustration group.

5. Conclusions

We showed that the production process described in Section 2 led to successful
learning material. While there might be other situations where video would be more
effective, it is also worth discussing why this should be the case and if this is the most
important point. The format in itself offers a great deal of advantages over just plain
text and illustrations. Most importantly, there are multiple methods of dissemination and
implementation. As already mentioned, aside from numerous video-hosting platforms,
they can be integrated into MOOC's or other learning environments.

From July 2020, the videos have been available on YouTube (https:/ /www.youtube.
com/channel /UCD2r8sDqvEs23YQKfrOY]Jxw, accessed on 4 October 2021) where they
have gathered several thousand views. They are primarily in German, but some, including
the videos used for this study, are also available in English or with English subtitles. They
have also been used in seminars, lessons, and presentations either as a way of preparing
for a lecture or in the lecture itself. Parts of the videos are being integrated into MOOC’S
on earth observation. It is difficult to imagine another teaching material that offers this
kind of versatility.

The versatility and the range of possibilities of integrating content in learning videos
come at the price of high complexity regarding the tools as well as the workflow used in
the creation process. Planning, writing, and, in particular, animating this kind of video is a
time-consuming and costly process that also involves specialized software that often has a
steep learning curve. Making instructional animations reasonably appealing is a craft that
has to be trained before good results can be achieved.

On the other hand, studies found that the production value is not always connected to
successful learning with video [16]. Thus, it might be worth considering if time and costs
are always well invested. The time invested in producing the videos was not tracked nor
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can it be compared to the text and illustration since the material was not produced on its
own but is based on the videos.

To illustrate the significant difference in production effort, Figure 7 shows the software
stack that was used to produce the materials as well as an estimation of the workload
involved in each step of the process.

Text and lllustration

Sequencing (Adobe Premiere)
Animation (Adobe After Effects)

3D Animation (Blender)

Vector lllustration ( Adobe lllustrator )
Image Processing (Adobe Photoshop)

Audio Processing( Adobe Audition ) Vector lllustration ( Adobe lllustrator )

Audio Recording (Audacity) Image Processing (Adobe Photoshop)

Word Processing (MS Word) Word Processing (MS Word)

Spreadsheet Software (MS Ecxel) Spreadsheet Software (MS Ecxel)

+

Figure 7. Software stack used in the production of both video and text and illustration materials.

Connected with these possibilities are a range of mistakes that can be made that
may lead to less effective teaching materials. The established workflow along the lines of
research in media-based instruction presented in this paper proved to be applicable and
yielded videos that can be efficiently used in a variety of e-learning and teaching situations.
In the light of the results of this research that showed no significant difference between
the video and the text/illustration group, it is also important to point out that, before the
substantial effort of creating videos of a high production value is made it is necessary to
consider the future field of application for the learning resource.

If, for example, a topic contains information that is prone to updates, one should
consider that it is far more time consuming to change content of a video than to change
information in text or figure. On the other hand, if the topic is quite fundamental and may
be part of a curriculum that is taught over and over again, it is maybe worth considering
investing the extra effort. Including animation is, from our point of view, a great advantage
of learning videos because this offers possibilities of showing processes that cannot be well
described or visualised in another way (see Section 1.1). This may also be achieved by
integrating short, animated clips in text alongside illustrations as shown in Figure 8. In
this case, the effort of creating an animation remains, but the overhead of the whole video
production is avoided.
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Remote Sensing Systems

The different acquisition techniques of remote sensing can, for instance, be distinguished
according to the type of the electromagnetic radiation used. There are remote sensing systems
working with sunlight reflected by the surface of the Earth. These acquisition systems are called
passive remote sensing systems (left). Active remote sensing systems proceed in another way.
These systems actively emit microwaves onto the surface of the Earth and then collect the amount

of radiation reflected by the surface of the Earth (right). o

Passive and active remote sensing systems for data acquisition.

Another distinctive feature of acquisition systems In remote sensing is the transportation
technigue. In airborne remote sensing. the sensor is being attached t the aircraft. Such sensors
are very precise as they are characterised by a very high spatial resolution due to their short
distance to the surface of the earth. However, they are only able to fly across a small part of the
surface of the earth, so they are mainly used for rather specific investigations.

Ansehen auf £ YouTube

Figure 8. Animations (B) may also be integrated in text alongside illustrations (A). Source: https://
www.fis.uni-bonn.de/en/recherchetools/infobox/professionals /remote-sensing-systems, accessed
on 18 October 2021).

Assessing what kind of learning video meets the requirements of the intended applica-
tion is crucial since the amount of production effort may quickly become disproportional to
the intended outcome. If the versatility of a video is not necessary, it is good to know that
well-written and illustrated teaching material has enabled learning over centuries already
and will continue to be effective in the future. However, learning with video resources in
remote sensing will become more important, and finding ways of making both methods
effective in consumption and efficient in production remains a challenge in which the
workflow presented in this study proved to be an asset for our efforts.

Supplementary Materials: The following are available online at: https://www.youtube.com/wa
tch?v=0]g73aCbrwgé&t=325s, Video S1: Images from Space (English subtitles); https://www.yout
ube.com/watch?v=p0wW]JX0Zp60, Video S2: Electromagnetic Spectrum (English subtitles); https:
/ /www.youtube.com/watch?v=1iEiZUsoRGY&t=199s, Video S3: Images from Space (English).

Author Contributions: Conceptualization, H.H., methodology, H.H.; software, H.H.; validation, H.H.;
formal analysis, H.H.; investigation, H.H.; resources, H.-H.; data curation, H.H.; writing—original draft
preparation, H.H.; writing—review and editing, H.H., AR. and CJ.; visualization, H.H.; supervision,
AR and CJ.; project administration, A.R.; funding acquisition, A.R. and C.J. All authors have read and
agreed to the published version of the manuscript.
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Appendix A
The Remote Sensing in Schools Project (FIS)

The learning videos described in this article are part of the Remote Sensing in Schools
Project (https://fis.rub.de/, accessed on 2 September 2021). The project is funded by
the German Aerospace Center (DLR). Its primary goal is to find ways to integrate earth
observation topics in school classrooms for all STEM subjects. It also represents a way
distributing basic knowledge of earth observation to the interested public as well as
university students.
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