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ABSTRACT 
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Online course development framework and case: online geographic information systems 

course 
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91 pages, 7 tables, 14 figures, 6 appendices 

 

Examiners:  Professor Ajantha Dahanayake 

  Associate Professor Uolevi Nikula 

 

Keywords: online learning, e-learning, self-study, independent learning, online course 

design, online course framework, GIS 

  

Online courses have risen in popularity during the recent years. Most online courses are 

evaluated using different evaluation rubrics and general guidelines for course design that can 

be found in literature. There are no practical online course design frameworks, which tell how 

online course activities should be designed. Based on literature reviews, different attributes 

make an online course good and effective and these attributes can be bound to some other 

activities. The online course design framework presented in this thesis integrates those 

attributes and activities. The developed framework is used to create an online geographic 

information system course. The results from the first test round with three users are promising 

and suggest that the framework design is successful. The minor issues identified are related to 

the lecture slides’ presentation and not to the framework designed under this thesis.    
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Viime vuosien aikana verkkokurssien suosio on kasvanut. Suurin osa verkkokursseista arvioidaan 

käyttäen erilaisia arviointikategorioita ja yleisiä ohjeita verkkokurssien suunnitteluun voi löytää 

kirjallisuudesta. Ei ole olemassa käytännöllistä verkkokurssin suunnittelun viitekehystä, joka 

kertoisi kuinka verkkokurssien aktiviteetit pitäisi suunnitella. Kirjallisuuskatsauksien perusteella, 

erilaiset attribuutit tekevät verkkokurssista hyvän ja tehokkaan ja nämä attribuutit voidaan sitoa 

joihinkin aktiviteetteihin. Tässä opinnäytetyössä esitetty verkkokurssin suunnittelun viitekehys 

integroi nuo attribuutit ja aktiviteetit. Ensimmäisen testikierroksen kolmen testaajan tuottamat 

tulokset ovat lupaavia ja antavat ymmärtää, että viitekehyksen rakenne on onnistunut. Löydetyt 

pienet ongelmakohdat liittyivät kurssin kalvojen esittämiseen eivätkä tässä 

opinnäytetyössäsuunniteltuun viitekehykseen.  
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1 INTRODUCTION 
 

This section presents the background, the research problem, research questions, research 

methodology, goals, and limitations of this study. 

 

1.1 Background 
 

In Finland, governmental facilities and companies have begun taking interest in 

geographical information systems (GIS) and using the knowledge and experience. 

Lappeenranta University of Technology (LUT) also decided it is a great opportunity to 

start teaching GIS to students. The course topics are chosen by comparing already existing 

courses and books to see what topics are taught and in what order. There are multiple 

massive open online courses (MOOC) about GIS on the Internet but the material is owned 

by third parties. If the course is discontinued, it could not be added to the curriculum in 

LUT. Additionally, some of the courses have time restrictions in accessing the material and 

in such cases, the course would need to be held at a specific point of time. These are valid 

reasons to create a new independent online course for LUT. 

 

1.2 Research problem 

 

Online courses and eLearning have risen in popularity during the recent years. Most online 

courses are evaluated based on different evaluation rubrics and general guidelines for 

course design can be found in literature [1][2][3]. There are no practical online course 

design frameworks, which provide guidelines on how activities of an online course should 

be designed. 

 

The primary goal of this thesis is to create a practical design framework for online courses 

to be able to efficiently create new online courses in the future. The designing of this 

framework is formulated by conducting a systematic literature review to find out what type 

of frameworks and designs already exists and what parts make an online course effective 

for overall students learning and quality of learning. 

 

The secondary goal of this thesis is to create an independent online course on GIS. The 
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course topics are chosen by comparing already existing courses and books to see what 

topics are taught and in what order. 

 

1.3 Research question 

 

The main research question in this thesis is the following:  

 

• How to create an independent online course that facilitates quality in learning? 

 

Independent online course means that the students will do everything in the course by 

themselves without any mandatory communication with others. To answer the main 

research question, first look into the theory of creating courses. When creating courses, 

there is always teaching and learning pedagogy to be considered. Silvén et al. [4] say that 

there are three components closely related to learning:  

 

1. Motivation or interest 

2. Use of already learned methods or knowledge 

3. Controlling feelings, attitudes and relationships that guide learning 

 

Ambrose et al. [5] [6] present seven principles of learning as: 

 

1. Students’ prior knowledge can help or hinder learning. 

2. How students organize knowledge, influences how they learn and apply what 

they know. 

3. Students’ motivation determines, directs, and sustains what they do to learn. 

4. To develop mastery, students must acquire component skills, practice 

integrating them, and know when to apply what they have learned. 

5. Goal-directed practice coupled with targeted feedback enhances the quality of 

students’ learning. 

6. Students’ current level of development interacts with the social, emotional, and 

intellectual climate of the course that impacts learning. 

7. To become self-directed learners, students must learn to monitor and adjust 
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their approaches to learning. 

 

The seven principles of learning are closely related to the three components proposed by 

Silvén. These are also supported by a book on eLearning made by Alamäki and Laakkonen 

[7] where they argue that new information should be combined with examples from real 

life or otherwise they might not be able to use theoretical knowledge in practical situations. 

Additionally, Alamäki and Laakkonen say that in digital learning, the material should use 

different media elements and not just plain old text. Kim and Jeong [8] say that whenever 

creating online courses, the lecturer needs to remember that the course is about learning 

and not technology. When used correctly, the technology can be very effective and 

enjoyable for students while learning. Using multiple different methods to convey 

information and making the content somehow interactive is extremely effective. 

  

From the three components and seven principles, following sub-questions are formulated 

to encapsulate detailed online learning (OL) experience in this research: 

 

1. How to make the course motivational? 

2. How to make the course interesting? 

3. How to make the learning effective? 

4. How to make a high-quality course? 

 

These research questions are used for screening the systematic literature review material in 

chapter three. Motivation and interest are evaluated by the learners and can only be 

evaluated after a test run. The terms quality and effective are defined in the literature 

review section. The term motivating is defined in two ways [9]:  

 

1. Having the student to keep learning throughout the course and not dropping out. 

2. Having the student continue learning more about the subjects outside the material 

or course.  

 

The term interesting is defined as [10]: 
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1. Students find the material engaging 

2. Students getting increased motivation from the material 

 

The main contributions of this thesis are the following: 

 

• General topic structure for a Master’s level GIS course 

• The mapping of attributes that affect the effectiveness, motivation and satisfaction 

in online courses 

• A practical design framework for online courses development 

 

The thesis recognizes the following delimitations: 

 

• The framework is only tested with one course 

• Students are individuals and each test might bring different results 

 

1.4 Research methodology 

 

The research starts with conducting a systematic review on online course design to find out 

existing online course designs and frameworks. A second literature review on OL is 

conducted to answer the four sub-questions. The literature reviews are conducted using 

systematic literature review –method [11]. Articles are searched from multiple websites: 

IEEE, Sage Pub, Science Direct, and ACM. One important criteria for the selection, is that 

the papers are either open access or available through LUT digital library. Some important 

papers might be missed because of the search terms or the author missed them based on the 

abstract alone. Some of the papers supported each other while some had slightly 

contradicting results 

 

After the two systematic literature reviews, the framework is designed by integrating the 

knowledge acquired from reviewed articles. When the framework design is completed, a 

review of existing GIS courses is conducted to find out what topics should be included as 

course content. 
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With the previous steps completed, a GIS course is created based on the topics and 

implemented using the designed framework. The course is made available on Moodle 

platform and a test is conducted. Based on the feedback from testing, the framework is 

modified, and the course is adjusted accordingly.  

 

 

1.5 Structure of the thesis 
 

The structure of the thesis is as follows:  

 

First, the thesis lays out the background research. In section 2, a systematic literature 

review on existing online course designs and frameworks is presented. In section 3, a 

systematic literature review on OL is presented.  

 

Following the background, the theoretical part is introduced. Section 4 presents the design 

and explanation of the practical design framework for online course development. 

 

Third part of this research is the practical part. Section 5 presents a case study, where a 

GIS course is created following the designed framework. At the end of the section, the 

findings of preliminary test round are shown. 

 

In the final part of this thesis are the finalization of the framework in section 6 based on the 

test results from the preliminary tests, leading to the discussion in section 7, and finally 

conclusions are presented in section 8. 
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2 SYSTEMATIC LITERATURE REVEW ON ONLINE COURSE 

DESIGN AND FRAMEWORK 

 

In this section, a literature review of online course design and framework is presented. 

While carrying out this literature review it appeared that, there is no ready-made practical 

framework for online course development. There are some high level abstract frameworks 

but there are little to no frameworks telling how the lectures, assignments, exercises, 

quizzes, and other parts should be structured beside each other. However, there are 

evaluation matrices and guidelines for online courses, which can be used for designing a 

framework.  

 

The articles chosen for the systematic literature review are between the years 2007 and 

2017 and the search results are shown in Table 1.  

 

Table 1. Systematic literature review articles 

Source Keywords Results 

ACM “online course” + framework (metadata)  30 

 “online course design” (full text) 2 

IEEE “online course” + framework (metadata)  32 

 “online course design” (full text) 72 

Sage journals “online course” + framework (full text)  94 

 “online course design” (full text) 14 

Science Direct “online course” + framework (metadata)  24 

 “online course design” (full text) 68 

Total  338 

Duplicates  6 

 

The initial search provided 332 articles from the different sources after removing the 

duplicates. From those articles, 90 made it through the title and abstract screening. After 

reading all 90 articles, 36 articles (for full list of articles, see appendix 1) provided some 

useful information related to online course design. In the next section, the review of 

articles is presented. 
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2.1 Review of Articles 

2.1.1 Common course attributes 

 

From the articles, 17 common attributes that affect the quality of an online course, are 

collected. In Table 2, the attributes and their abbreviations are listed.   

 

Table 2. Core attributes and their abbreviations 

1. Ap Application (content applicable to working life or real-world) 

2. Col Collaboration 

3. Com Competency (teacher and student) 

4. CRe Content relevancy and completeness 

5. CDe Content and course delivery 

6. CSt Course structure 

7. Enc Encouragement 

8. Eng Engagement 

9. Fdb Feedback 

10. Fle Flexibility and accessibility 

11. Int Interaction / interactivity 

12. Mot Motivation 

13. Ped Pedagogy (in general) 

14. Rea  Real-world examples, assignments etc. 

15. SQu Service quality 

16. Sup Support 

17. Usa Usability 

 

All the articles that show the positive or negative effect of either including or lacking said 

attribute, are mapped into a table (Table 3) to find out which of these attributes are more 

relevant. Some articles provide an online course evaluation matrix, some articles provide a 

general design structure or framework for an online course and other articles research the 

effects of few different attributes.  
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Table 3. Attributes found in articles 
 1 

Ap 

2 

Col 

3 

Com 

4 

CRe 

5 

CDe 

6 

CSt 

7 

Enc 

8 

Eng 

9 

Fdb 

10 

Fle 

11 

Int 

12 

Mot 

13 

Ped 

14 

Rea 

15 

SQu 

16 

Sup 

17 

Usa 

[12]           x       

[13]  x                

[14]        x          

[15]      x       x     

[16]    x             x 

[17]                 x 

[18]    x x     x    x    

[19]       x x x     x  x  

[20]  (x) x  x x   (x)   x x  x  x 

[21] x x     (x)  x  x   x    

[22]  x x  x             

[23] x    x      x       

[24]   x x x x    x x     x  

[25]      x            

[26]      x    x x     x  

[27]  x  x (x)      x x x   x x 

[28]  x   x      x       

[29]  x   x      x  x   x  

[30]    x (x)     x x     x  

[31]     x             

[32]     x      x       

[33]    x x x    x     x  x 

tot 

(22) 

2 6 

(7) 

3 6 10 

(12) 

6 1 

(2) 

2 2 

(3) 

5 10 2 4 3 2 6 5 

 

Table 3 shows that course delivery and design, interaction, and collaboration are the top 

three relevant attributes for an online course. The 13th attribute pedagogy is somewhat 

difficult to weigh because in some articles, the pedagogy is used in general and in some 

articles, the pedagogic attributes are discussed in more detail, such as collaboration, 

interactivity, feedback, and motivation. Some of the attributes can be overlapping such as 

interactivity, feedback and engagement depending on how they are implemented into the 

system. For example, feedback can be interactive if given immediately to the user. 

Interactivity can also be thought as engaging the user. How to deal with these overlapping 

attributes is presented in the 2.2 subsection.  

 

2.1.2 Course design advice 

 

While some articles listed in the table only handle one or two different attributes in the 

paper, there are some other outputs as well. Corke et al. [25] noted, that lecture videos 

should have a maximum length of 10 minutes for students to learn more efficiently and the 

videos should not be scripted, as that gives a more natural feeling for the students. 

Additionally, voice-over-PowerPoint (VoPP) is seen as one of the most popular and 

effective methods of teaching.  Perumalla et al. [13] noticed, that between an online and in-

class course, the average grades are no different. Finally Rubin et al. [31], provide details 
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on what factors influence Community of Inquiry (CoI) and student satisfaction within a 

course..   

 

The rest of the articles that did not fit into the table have some other relevant information 

concerning course design, such as the effects of self-regulated learning (SRL) on students. 

According to Cho et al. [34], high level of SRL increases the perceptions of CoI in 

students. Just recommending different SRL methods to students does not improve 

performance [35].  

 

According to Anderson [36], students can be divided into five separate categories: viewers, 

solvers, all-rounders, collectors, and bystanders. Depending on the category, the tasks and 

assignments can be different. For a fully online course, having someone with visual 

memorizing, reflective information processing and sequential understanding is more 

beneficial [37]. Because it is difficult to identify what kind of student is attending a course, 

it is important to try to satisfy multiple different student types with various tasks. Same 

thing should be considered when looking at different pedagogic learning models such as 

resource-based learning (RBL), problem-based learning (PBL) , constructivism, narrative-

based teaching (NBT), and collaborative learning [38]. Case analyses, practice problems 

and quizzes are considered to be effective for improving critical thinking, problem solving,  

creativity, and research skills [39].   

 

Few research articles handle different course design parameters and key elements. May 

and Moore [40] define important design parameters for a course as goals, learning needs, 

priorities, and constraints. Jaggars and Xu [41] define key course elements as course 

organization and presentation, learning objectives and assessments, interpersonal 

interaction and technology.  

 

Caron [19] writes, that the instructor should specify the anticipated amount of time for 

each learning task so that students would know how much time should be allocated to each 

task. At the same time, the instructor should try to promote daily management to the 

students. The tasks itself should have detailed instructions and the instructor should be able 

to demonstrate how key topics are reinforced with these tasks. In an online course with 
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some real time elements [42], it is noticed that conducting live sessions can be difficult as 

people might not be able to attend and their interest can dwindle.   

 

Duan and Qi [43] propose a three step online curriculum design framework which answers 

the questions what with a micro lesson, why with discussion or reflections, and how with 

drawing a concept map. Similarly Lee [44] divide the whole course into weekly modules 

which are always lecture notes, graded reading assignment, graded homework assignment 

and finally discussion topics. Hackbarth et al. [45] created a macro-workflow from Moodle 

activity which showed what kind of activities students do at what intervals. The 

generalized workflow showed that students tend to watch a video, compare cases, read, 

watch another video, discuss, and finally close the activity in that order.  

  

For more influence and motivation towards web-based learning, Daud et al. [46] gathered 

different components. These can be roughly divided into three major dimensions; primary 

task support, credibility support, and learning support. The major dimensions can be 

divided into smaller components and some of the components coincide with some of the 

attributes such as usability, real-world feel and praise.  Finally good online instructions and 

fitting technology increase student satisfaction with online courses [47]. 

 

2.2 Summary 

 

As mentioned before, some of the chosen attributes can be overlapping. While this can 

affect the ranking of the different attributes, it will not affect the result because all the 

listed attributes will be considered when the proposed framework is designed. As an 

example, the three lowest ranked will be inspected more closely. 

 

First attribute is encouragement, which relates to motivation. The idea is to get students to 

participate and do the assignments and other parts related to the course. Encouragement 

might mean to encourage students to participate in discussions, while motivating is to get 

students motivated about the course. Still both should be taken into account as they can 

both be thought as one more generalized attribute. 
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Second attribute is application, which reflects on the knowledge applicability into real-

world situations. All taught things should be applicable in real life situation and if the 

examples should already emphasize real life situation, there is no reason for the knowledge 

application be left outside of the scope. 

 

Third attribute is engagement. Engagement is an extension to motivation when motivation 

is the beginning of getting the student to do something and engagement is to have the 

student be interested in learning and not just motivated. Motivation can lead to engagement 

and engagement can lead to motivation in certain circumstances. Engagement is not as 

important as motivation is but still important to have students keep a high level of 

motivation, which is why there is no reason to ignore it when designing a course.   

 

With an effective design and good instructions, it is possible to motivate students to learn 

and continue to attend online courses. Currently an effective design is just a general term 

used in multiple research papers, but a detailed design is still missing. This is the reason 

why it is necessary to create such a design for easier online course creation.  

 

All the 17 different attributes are accounted for in the final framework design, while more 

emphasis is probably given to higher ranked attributes if necessary. Some of the attributes 

cannot be accounted for in detail within the framework, such as the content relevancy, as 

they rely on the implementation of a particular course and need to be accounted for case by 

case.  
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3 SYSTEMATIC LITERATURE REVIEW ON ONLINE LEARNING 

 

In this section, a literature review of online course learning is presented. The searches are 

conducted using simple keywords: 

1. “Online learning” in keyword AND effective* in full text AND online in title 

2. “Online distance learning” in keyword AND effective* in full text AND online in 

title 

3. “E learning” (because some use it without hyphen and this finds both variants) in 

keyword AND effective* in full text AND learning in title 

4. eLearning (as sometimes it is written without a space) in keyword AND effective* 

in full text AND learning in title 

5. Self study (because some use it without hyphen and this finds both variants) in 

keyword 

 

The articles are chosen from each site using each keyword search between the years 2010-

2017. In total, 992 articles are found based on the keyword screening, including duplicates 

(Table 4). 

Table 4. Systematic literature review: First screening 

Source Keywords Results 

ACM “online learning” + effective* + online 34 

 “online distance learning” + effective* + online 0 

 “e learning” + effective* + learning 60 

 elearning + effective* + learning 7 

 “self study” 4 

IEEE “online learning” + effective* + online 109 (metadata only -search) 

 “online distance learning” + effective* + online 3 (metadata only -search) 

 “e learning” + effective* + learning 426 (metadata only -search) 

 elearning + effective* + learning 24 (metadata only -search) 

 “self study” 23  

Sage journals “online learning” + effective* + online 6 

 “online distance learning” + effective* + online 0 

 “e learning” + effective* + learning 10 

 elearning + effective* + learning 1 

 “self study” 0 
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Science Direct “online learning” + effective* + online 266 

 “online distance learning” + effective* + online 2 

 “e learning” + effective* + learning 3 

 elearning + effective* + learning 14 

 “self study” 0 

Total  992 

Duplicates  8 

 

 

After collecting all 984 articles, they are screened with their titles alone. The screening left 

310 articles for the second screening based on abstract. As inclusion criteria, if the title had 

any meaningful relation to creating a course, to learning effectively, to motivating 

effectively, to course quality evaluation, or to teaching pedagogies, it is chosen for the 

second screening. For example, most of the articles found with “self study” are studies of 

one’s self with no relation to the topic of this research. Some articles that are only related 

to blended learning are automatically excluded, because blended learning involves a 

teacher. 

 

In the second screening, the abstracts are read to see if their content had any meaningful 

information related to the research questions. Finally, 118 papers are chosen based on the 

content of their abstract for full reading. After the full reading, 51 final articles (for full list 

of articles for full list of articles, see appendix 2) are chosen for this literature review. The 

articles that are chosen have research results related to what affects the quality, motivation, 

interest or learning or they had results of comparing OL with other methods of learning. 

 

3.1 Review of Articles 

 

3.1.1 Online learning environment 

 

There are three ways to learn new things: formal, informal, and passive learning. Students 

attending online courses value passive and formal learning more than informal. Formal 

communication can also help students to keep on learning, such as weekly reminders [48].  

 

When comparing OL to face-to-face (F2F) education, both have their own merits. When 
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considering the final grade in both cases, often there is no statistically significant 

difference between OL and F2F [49]. Lu and Vela [50] compared OL to F2F format in 

graduate-level research method course and found out that the biggest difference between 

them in learners’ perspective, is the perceived difficulty of homework and quizzes and time 

spent studying. OL students spend more time studying while F2F student thought that the 

quizzes and homework are more challenging.   

  

In some cases, OL can produce worse results than F2F format. Keramidas [51] noted in her 

research that undergraduates perform worse overall in online environment. However, most 

of these problems come from the students’ inability to manage their time. OL requires 

students to study independently and remember to do everything on time without someone 

constantly reminding them. Another research from the same year proves that online 

courses can provide equal learning results and satisfaction as F2F format, if the course is 

done pedagogically correctly [52]. Hadley et al. [53] noted that an e-learning course is as 

effective as a standard lecture-based course in improving knowledge when teaching basic 

evidence-based medicine to postgraduate trainees. This is somewhat dependent on the 

students’ learner type but it also means that if the benefits of e-learning course outweigh 

the cons, e-learning is a valid option. Then again, students often value F2F format more if 

they find the course interesting, important and useful [54]. Paechter & Maier say, that 

course design and support of individual learning processes are better in online courses 

while interactions and learning outcomes are often better in F2F concept [55].  

 

3.1.2 Learning material in online environment 

 

When creating material for courses, the material should always be based on pedagogical 

guidelines. In 2016, few researchers from USA tested video lecture material with 

pedagogical qualities. They implemented four pedagogical strategies: learn by example, 

learn by doing, adaptive learning and learn through reflection. The results of the research 

are that 41 % of the students thought the videos are excellent. The two major changes that 

are proposed are to provide more examples and guidance and to provide more exercises 

[56]. In contrast, in Australia one research showed that preferred pedagogies and learning 

resources supporting pedagogies do not influence e-learning effectiveness. Instead, 

technologies supporting pedagogies, management of learning resources and metadata 
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ontologies positively influence e-learning effectiveness [57].  

 

Students have a decreased interest in reading so using videos is often a good way to teach 

students and more motivating than plain text. While some can argue that videos should not 

replace reading, videos are often increasing reading indirectly. Using videos as teaching 

material increase the students’ interest in the subject matter and might motivate the 

students to read more about subject by themselves [58]. Students are often overconfident in 

how well they learn from video lectures. The most optimal way for students to learn and 

remember is interpolating video lectures with small tests [59].  

 

Li et al. [60] noticed that using Mayer’s design principles promote learning when 

implementing an online course. Mayer’s principles tell that text and pictures are better for 

learning than text alone and animation and audio are better than animation and text. This is 

also proved by Lehtola et al. [61] who conducted a research regarding the visual media of 

online material. Their findings prove that video combined with an audio provides better 

learning results than text and audio or audio alone but using only text is often superior to 

using only audio [62]. This leads to the conclusion that using video is often the best option 

if only one medium can be chosen. You can also use a pointer with text and images as it 

can help focus students and guide them through the text or image if combined with audio 

as well. Using a pointer with video has no impact [63].   

 

The upside with video material is that the students can watch them multiple times, watch 

specific parts and it helps them to understand the information. Additionally, they can be 

used for revision for example before an exam. As a downside, students might not 

understand some parts of the videos and would like to ask questions. If there is no expert 

present, asking questions is difficult and it may dissatisfy students [64]. Videos can also be 

used as feedback material because videos have a higher social presence compared to 

normal text [65].  

 

3.1.3 Motivation in online environments 

 

Bani-Salameh and Fakher [66] proposed a model of nineteen success factors for an e-

learning system. While some of the factors are not so relevant in general online learning, 
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most of the factors are and they are often highly important. For example, 88.9 % of the 

respondents say that learner motivation is important. These factors can also be used to 

evaluate the success of the GIS course of this thesis.  

 

Students are motivated by a number of different things. Motivation is usually divided into 

two different categories: intrinsic and extrinsic motivation. Completing exercises and tasks 

has a definite correlation with the final grade of the course. That is why motivation is a 

major component when designing a course material as motivation leads to completion, 

which leads to better grades. In Japan, one of the main motivational sources is an intrinsic 

motivation, the motivation to achieve self-development and self-respect among peers [67]. 

Students should be presented with a rationale as to why the specific task or lesson is 

important or relevant [68].   

 

In a research about MOOC, the researchers mapped out different motivation keywords 

such as convenience or personal interest. Out of all, “knowledge” had the most hits while 

“easier to understand” had the least hits. However, there are also some challenges 

mentioned by the students such as “lack of time” or “bad previous experience” [69].  

 

In a study about the differences of motivation and self-regulation between undergraduates 

and graduates it is found out, that graduate students use more critical thinking strategies, 

which led to better learning outcomes. Undergraduates reported greater motivation to 

continue learning with online courses. As a final note, the research said that 

undergraduates would need explicit instructional support and structure for the course as 

they have lower level of critical thinking and tendency to procrastinate [70]. 

Procrastination has a negative effect in completing a course as well as in the performance. 

Although procrastination is purely dependent on the learner, some measures can be taken. 

If the instructor can identify students with high procrastination, they could try different 

methods to encourage those students to start being more involved [71].  

 

Online courses are often more student-centered compared to traditional courses. As such, 

PBL could be considered as a good option for the learning environment. Yajie Wang et al. 

studied that correctly used PBL environment can motivate students to learn and give them 
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more enjoyment when learning and it can be done in Moodle environments [72] [73]. 

Personal learning styles have no significant relation to the perception of OL [74].  

 

Gamification has been under inspection in some researches as well. Adding gamification 

into an environment might not increase student participation but removing such an element 

could decrease student participation [75].  

 

3.1.4 Satisfaction and quality in online learning 

 

Hratinski [76] proposes a theory of OL as online participation. Participation is not the same 

thing as talking or writing but more about participating in the activities. For example, 

reading forum posts or answering polls or quizzes could be seen as online participation. It 

is quite normal that in online courses, students’ attendance and interaction with the 

material declines during the course [77]. Student personality has unlikely any effect on 

participation [78] but personalities have an effect on students’ impressions of online 

courses [79].  

 

In an online course, the instructor is in a vital role because availability is one of the most 

important factors when evaluating online or e-learning [80]. In 2010, Yusof et al. provided 

a research about the quality characteristics in online distance learning. Their initial 

hypotheses argued that instructor attitude, availability and student time are related to 

student application of OL. Additionally, the student application directly correlates to 

student learning. These mean that if the instructor’s attitude towards implementing the 

online material and availability for support is negative, it will negatively affect the students 

learning [81] [82]. The assignments and feedback also play a vital role in overall 

satisfaction with the course [83] [84]. Students are more satisfied with courses when they 

receive support during the process. Student satisfaction then raises their final grades as 

well [85].  

 

MOOCs have a high number of students enrolling but they also have an extremely high 

dropout rate as only 10-20 % of the students actually complete the course. One huge issue 

with MOOCs is that they offer little to no interaction between students or students and 

teachers [86].  Additionally, if the students feel that the course is too difficult, they are 
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more likely to withdraw from the course [87]. Achieving CoI, a deep and meaningful 

learning experience, in OL can be difficult. The instructor can have a huge impact on it as 

the learning experience relies on the instructor’s efforts (course design, scaffolding). 

Students’ SRL also affects the perceived learning experience. The best way to increase 

students’ self-regulation for interacting with others is instructional scaffolding in online 

context [88]. High SRL stems from high intrinsic motivation and high confidence in 

learning. It leads to participation in the community (online discussions), which will then 

increase other students’ learning experience [89]. 

 

In online environment, having a community can help others to learn better. Peer learning in 

OL can encourage participation and increase satisfaction with the students [90]. Markova 

et al. [91] pointed out that the lack of community provides a negative impact on 

satisfaction. This is backed by a later meta-analysis on social presence relation to 

satisfaction and learning [92]. According to a research on nursing postgraduate students, 

online discussion can be at least as effective as F2F discussion [93]. While a learning 

community can enhance the students’ learning, creating instructional activities specifically 

to generate an academic community is not worth the time and effort [87]. Even if student 

interaction with other students and instructor is advised, most of the time student-student 

interaction does not increase the perceived learning significantly. Student-instructor 

interaction and student-system interaction are more significant [94]. Most likely because 

learning complex things requires knowledge and information, which leads to interactions 

with more knowledgeable people such as the teacher [95]. 

 

OL promotes the students to use the Internet for searching more information while F2F 

learning usually leads the students to ask the instructor. While searching for information 

online, students may drift into different topics or information that is not covered in the 

course, which in turn leads to worse performance during an exam even if their interest in 

the topic increases. If the students are told not to use the Internet for information, it will 

then hurt their interest on the topic and lead to worse performance as well [96].   

 

In Abd-Hamid’s and Walkner’s [97] research they collected five best practices for 

designing quality eLearning methods: multimedia and visual design solutions, integration 
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of game-based learning, simulation-like or scenario based questions, providing feedback, 

and pretest/posttest assessments. These practices promote the students’ learning and 

remembering by making the content more interesting or relevant in their own life. Danaher 

[98] proposed a seven-part model for benchmarking quality in online courses: Information, 

interface, support, engagement, collaboration, reflection, and autonomy. 

 

3.2 Summary 

 

Most of the literature considered the students’ motivation or satisfaction even when the 

research is about learning. Like Bani-Salameh [66] researched, learner motivation is 

important as motivation leads to better results [67][68][85]. Motivation stems from 

multiple things but satisfactory course design can help to increase the students’ motivation. 

As the MOOC research pointed out, bad experience with courses can decrease motivation 

[69]. Additionally, instructor can have a vital role by giving support to the learners [81] 

[82]  as well as designing the course content. [60]  This leads to the causal connection of:  

 

Designing a satisfactory course + instructor support  increased motivation  

better grades.  New students will know the course is good. 

 

From this causal relationship, we can see that everything starts with the design of the 

course. That design will then lead to either a good or a bad outcome.  
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4 CREATING THE FRAMEWORK 
 

In this section, the description of the process of creating the framework is presented. First 

subsection goes through the 17 attributes ways to implement them while designing the 

course. Second subsection goes through the creation of the framework based on the 

solutions on how to consider the 17 attributes in course design.  

 

4.1 Attributes for the framework 

A: Flexibility & accessibility, course structure 

At its simplest form, a F2F course is made of only lectures most often accompanied with 

reading material, as the lectures are one-time only. Independent study courses at their 

simplest forms only have reading material. Having only lectures and reading material 

require the students to diligently study and remember things using their own time and 

students need a high level of SRL to be successful in such courses [99].  

 

In the modern course paradigm, the courses often have lectures and exercises, homework, 

or both. Having homework with lectures is an effective way to make sure students learn the 

things taught on the course. With homework, the students often need to apply things taught 

during lectures and the same applies to exercises. If a course has both exercises and 

homework, there are two possible ways they are connected to each other (Figure 1).  

 

The first possible way is to give students homework during the lectures, which should be 

done before exercises. This means, that the students need to do the homework by 

themselves without any help from the teacher. During the exercises, the correct answers 

could be shown to the students. The second way is to have students do their homework 

during the exercises with the help of a teacher. This way, students would still do the 

homework independently, but they could also ask the teacher for help. The correct answers 

could also be handled during the exercises, during the next lecture, or at some other point 

depending on the teacher.  

 



 

 

 

24 

 

Figure 1. Connections between lectures, exercises and homework 

 

The second form of connection is coming increasingly more common as the homework can 

often be checked with an online learning management system (LMS) but this is highly 

dependent on the course and the teacher.  

 

The connection between lectures is always one-way in F2F format. A lecture is always 

followed by a new lecture and there is no way to go back to the previous lecture if it is not 

saved somewhere. The connection stays one-way even when the lecture is connected to 

some other form of activity in F2F format. Courses often have multiple exercise groups 

during the week, which means it is possible to create a two-way connection between 

homework and exercises in the span of one week depending on the course (Figure 2).  

 

 

Figure 2. Connections between lectures, exercises and homework with two-way connections 

 

 

With the increase in online courses, the framework has shifted somewhat compared to 

traditional F2F format. As materials can be found online and even lectures can be recorded, 

students can now review them more than once. This has enabled a two-way connection 

between lectures and other activities. If the traditional F2F format would be considered 

circular, going from one lecture and activities to the next lecture and activities, the online 
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framework would be triangular. Every connection type is a two-way connection, so 

students can go back and forth from lectures, homework and exercises during the span of 

one week (Figure 3). This type of framework is often the basis for all new courses as it 

increases flexibility for the students.  

 

 

 

 

Figure 3. Basic online course framework 

 

 

Previously mentioned frameworks handled course structure in the time of one week. With 

the traditional F2F course, the content is originally divided into weekly topics, as lectures 

would come each week. The topic might or might not have changed during the week 

depending on the course content. This still applies to F2F courses but now the teachers also 

try to divide the course content into separate topics for each week, to make the lectures 

have a more coherent content. It also helps the students to know what is to be taught on 

each lecture if the same topic is not divided into multiple weeks. 

 

In an online format, the topic division is more common than a weekly division because 

defining material in a weekly format can be irrelevant. Students often have the option to go 

through the course with their own pace and are not limited to a weekly lecture limit. This 

means that students can go through the course content with the weekly division or they can 

go through everything in a few days. The teacher can of course give a guideline and 

recommend a particular order and timespan to go through the material, but it is up to the 

student to decide if they want to follow it. 
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In OL, a modular design is more appropriate for students. This means that the content is 

divided into separate modules, be it weekly or by the topic, which students can access at 

their own convenience and leisure. A module consists of all the appropriate content and 

activity to learn the predetermined topic. While a F2F and a weekly format can be linear 

going from one week to another, a modular format should be designed to be as flexible as 

possible. The most optimal case would be to have all modules independent and to be 

accessible without any prior requirements or knowledge from other modules. This would 

lead to the following modular framework (Figure 4). 

 

 

Figure 4. Basic modular framework 

 

 

The numbers represent the order in which a student goes through the modules while the 

arrows represent the connectivity between the different modules. All the modules would be 

separate learning topics and the student could access them in any order they would like to. 

To create even more flexibility, all the activities within a module such as lectures and 

exercises, could be accessed in any order the student chooses.  

 

As an example, the student could go look a lecture in module 1, then move on to do an 
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exercise in module 3 and finally go to module 2 to do the homework. The student would 

not be restricted by any predetermined rules designed by the instructor and the only 

restriction would be the students’ own competence [100]. Even if the course modules are 

designed to be accessible in this way, the teacher can give the students a recommended 

guideline how they should progress from one module to another. When creating a 

guideline, it should still allow some flexibility because some students might take it too 

literally. In Figure 5 is an example of a possible guideline for the module progression. 

 

 

 

 

Figure 5. Modular design guideline 

 

 

The numbers represent the order in which the student goes through the modules while the 

arrows represent the connectivity between different modules. The example above is 

purposefully made to have non-linear progression in the modular design. If the modules are 

ordered into general topics and divided into smaller subtopics, it might be necessary for the 

student to learn one thing from another general topic before going to some specific 

subtopic. As an example, in mathematics all different calculations (addition, multiplication, 
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square root etc.) could be considered as subtopic under the general topic calculations. 

However, it would be beneficial for students to learn about order of operations before 

moving on from multiplication and division into exponentials and roots. There might be 

students who already know about the order of operations, so they could keep on learning 

about exponentials and roots and do the mandatory activities from order of operations later.  

 

We could imagine that in the Figure 5, the module 5 is the order of operations and modules 

6 and 7 are exponentials and roots. Student number 1 does not know about the order of 

operations and goes to that module first before going on with exponentials and roots. 

Student number 2 knows about the order of operations, moves on from module 3 to module 

6 and 7, and leaves module 5 for later.   

 

B: Support and collaboration 

Support is one of the major attributes in course design and is extremely important for 

students to be satisfied. There are many things student might need support with especially 

in an online course. First, the student might need support with the online platform. The 

platform might not work at all or there might be some troubles with specific content. This 

kind of support often needs direct contact with the teacher and the teacher should be able to 

respond as soon as possible. Another technical problem the students might have concerns 

the possible software used with the course. Students might have troubles installing or using 

said software and may again need direct contact with the teacher or other students if they 

are able to help [27]. 

 

Aside from technical issues, students can have troubles with the course content or 

homework. They might not understand what a teacher wants them to do and need some 

clarifications. This may need direct contact with a teacher. If the problem is with 

understanding the content, other students may be able to help with that.  

 

With these examples, we can establish that the students may need support directly from the 

teacher or from other students. Immediate contact with a teacher can happen over emails or 

some type of chat, whatever the teacher chooses that is the fastest way to reach him / her. 

This can also work in cases where the response time can be slower.  
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For a student–student support, students would need some way to discuss amongst 

themselves. In an online environment, this would often mean some sort of discussion board 

or forum. There are other ways as well such as the use of IRC or some other chat service. 

This enables the students to discuss amongst themselves and the teacher can use the same 

tools to discuss with the students. 

 

The teacher can also set up frequently asked questions -section (FAQ) when similar 

questions appear. This cannot be done beforehand, as there is no reasonable way to know 

what things the students might ask. After the course has gone through a few iterations, it is 

possible to set up a FAQ for new students to read. 

 

C: Competency 

Competency refers to having some ability or skill. In course design point of view, this 

means that the course needs to be designed to measure competency in students rather than 

something else such as time. In a master level course, developing competencies is one of 

the key aspects and it should always be considered in the course design. The graded 

assignments should be developed so that they measure the competency of the student 

[101]. 

 

D: Real-world examples and application 

Real-world examples are beneficial to students. Having real-world examples increase the 

students’ interest on the topic and they learn better because they can connect theory to the 

real world [18]. Creating real-world examples should not be too difficult in any course 

subject so it should always be done if possible.  

 

Applying the obtained knowledge is similar to having real-world examples. This means, 

that the given assignments and exercises should somehow reflect real-world situations and 

show to the students that these skills can be applied in the real world as well. For example, 

if the student has to perform a mathematical calculation, such as calculating the height of a 

quadrilateral from the given volume and area, the example should be integrated into a real-

world situation so the student can understand the application of the problem better [21].  
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E: Content and course delivery 

In an online format, the content delivery is usually the same. The content is often delivered 

with reading material and video lectures. Delivering the content with only reading material 

is a poor option for an online environment because it is not as effective as using videos. 

Some students do not learn with only reading and using multiple senses is more effective 

compared to using a single sense. The recommended and most used lecture material format 

is using voice-over-PowerPoint (VoPP) videos [38]. These videos combine sight and 

hearing to provide more effective learning environment. Combined with appropriate texts 

and using a pointer in videos to direct the sight, learning can be extremely effective.  

 

The slides should also be provided for download so that students can refresh their memory 

by skimming though the slides. Additional content such as references, source or extra 

material should be added for the course. Often the teacher cannot teach everything in a 

course, so if the students want to learn more about the subject, the teacher should point out 

where the students can find more information.  

 

Aside from learning material, the course should include graded assignments. These 

assignments depend on the teacher but quizzes are valuable tools when conducting learning 

assessment [39]. Other possible assignments include projects, written assignments, 

practical assignments, etc. If possible, assignments should built on either previous 

assignments or lectures, so that they use the students’ newly acquired knowledge and skills 

while also enforcing the previously learned subjects [102].  

 

F: Interaction / interactivity and usability 

In a course, interactions can be roughly divided into three different categories from the 

students’ point of view: student–student, student–teacher, and student–system interaction 

[27]. The division is similar to collaboration division with the added system interaction. As 

such, the student–student and the student–teacher interactions can be handled with the 

collaboration solutions leaving the student–system interaction to be designed.   

 

Student–system interaction depends on how the used system works. Most important aspect 
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in this interaction is usability. Usability is also related to the satisfaction and quality of 

experience (QoE) the user will feel which is why the usability is an important aspect for 

the course design. Usability can be divided into multiple subparts: Efficiency or ease of 

use, error management or stability, and learnability [103].  

 

Ease of use refers to how easy and intuitive the use of the system is. It is also affected by 

the design and structure of the course. To have an easy to use course, the system needs to 

be easy to use and the course must be designed to be simple and easy to understand. The 

teacher cannot affect the system design much, but the course design is something the 

teacher can fully modify as long as it fulfills the learning outcomes. Creating an easy to use 

structure will increase the ease of use, which will increase the usability, and finally the 

satisfaction of the course [47].  

 

Learnability refers how fast a user can learn to use and interact with the system. While 

learnability can be affected by multiple things, the best way to affect learnability is by 

increasing the ease of use. If the system is easy to use, the users will learn to use it more 

effectively as well. Another way to increase learnability is to have some guide on how to 

use the system and navigate through the content.  

 

Stability refers to how stable the system is, how long the load times are and how often the 

system crashes or gives errors. If the system is well made, there should be no problems 

with the stability. The teacher usually cannot affect the stability as the people responsible 

of the system are often other employees, but a teacher can report errors and problems if 

they are found and help with increasing the stability of the system.   

 

G: Feedback 

Feedback is always beneficial to people, be it positive or negative. Feedbacks are a great 

way to learn and know if something is done correctly or if something needs fixing. For 

students it is important to get feedback especially from graded activities but they should 

also get feedback from other activities as well [21]. In F2F courses, feedback can for 

example be given instantaneously by the teacher after a presentation. Students might value 

the instant feedback more than getting feedback after a time because the feedback is easier 
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to remember when it can be associated with the activity itself [104].  

 

In an online environment, if the activity requires the teacher to go through student 

submissions, the feedback is rarely instantaneous. It takes time for the teacher to evaluate 

the submission and the teacher might not be able to evaluate them as soon as the 

submissions are made. There are some types of assignments where the teacher can give 

immediate feedback to the students in online environment, when in F2F environment it 

might be difficult. For example, quizzes and other questionnaires can be made to give 

immediate feedback to the students. The teacher can create multiple-choice questions, 

which can have right or wrong answers and the student could get immediate feedback from 

predetermined feedback settings.  

 

H: Encouragement and engagement 

As mentioned in the 2.2 section, encouragement and engagement are both related to 

motivation. Encouraging students can be difficult in an online environment and the best 

way to encourage students is to keep communication with them. Sending emails about 

upcoming deadlines and notifications about the course can encourage students to 

participate and start doing the assignments. Sending emails to individuals who are behind 

the schedule can encourage them to catch up to others. Of course, all this depends on how 

the course is made. While there might not be concrete deadlines for each assignment, the 

teacher can follow the premade schedule and see how different students fare and are they 

on time [19]. 

 

Engaging students is a little different from encouraging. Engaging can also be achieved 

with interactions. In F2F lectures, teachers can talk for the whole lecture without stopping, 

which is what often happens in online lectures as the lecture is recorded and put online for 

students to watch. However, in classroom environment, the teacher also has the option to 

stop talking and ask questions, creating interaction with students and engaging them with 

small talk. Teachers can also give the students some exercises in between lectures, which is 

also interacting with and engaging the students. This is something that is not always done 

with online course lectures, but it is something that could be, should be, and is easy to do. 

Lecture videos can be split into multiple parts and in-between those videos, the teacher can 
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put questions or exercises to create interaction with the students, engage them into learning 

and not just have them put videos on auto-play. 

 

I: Content relevancy and completeness 

Content relevancy is self-explanatory in course design. The content taught in the course 

should be up to date and it needs to be relevant considering the outcomes of the course and 

the real-world situations. For example, when teaching graphical user interface (GUI) 

design in programming, it is often more relevant to use editors that give the opportunity to 

create GUIs graphically without coding the components. You can design GUIs without 

these kinds of editors, but it is more relevant to teach the use of such editors next to the 

coding part because the editors are more used in modern world as they make things easier 

and faster.  

 

Content completeness means how complete the actual learning content is. When teaching a 

subject, some things need to be taught to the students while some things can be left out. In 

mathematics, it depends on the level of the student what things are taught. However, if the 

taught subjects are exponentials, it would not be complete without teaching roots as well as 

those two subjects go hand in hand. This applies to other subjects as well. If there is some 

topic that is being taught in the course, the topics that are closely related to it should also 

be taught.   

 

J: Service quality 

Service quality refers to the quality of the service itself. This is highly dependent on the 

chosen platform, as that will mostly affect the service quality. Service quality can be 

divided into reliability and responsiveness that are mostly affected by the platform [33].  

The teacher can affect reliability and responsiveness with the course design. If there is 

material from other sources, it is up to the teacher to make sure it is reliably accessible. If 

the teacher has interactive activities in the course, it is up to the teacher to make sure of 

their reliability and responsiveness even if these are affected by the platform. 

 

K: Motivation and pedagogy 

Pedagogical design is the key to all course designs and the most important aspect. 
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Pedagogical design includes multiple different attributes that have all been considered such 

as collaboration, support, interaction, engaging, encouraging, real-world situations and 

motivation. If these attributes are fulfilled in the course design, the course should also be 

pedagogically designed.  

 

Motivation is extremely important for all courses. If students are not motivated to learn, it 

is highly unlikely that they would learn well. There are many ways to motivate the student 

but some of them are limited to F2F situations while in online environment there needs to 

be other ways.  

 

First thing the teacher can do is to try encouraging the students and this attribute was 

already covered previously. Second thing the teacher can do is to create connections to real 

life through real-world examples and assignments and this is covered previously as well. 

Third way to motivate students is through change. This means that the course should not be 

monotony. Some of the lectures could be different in the way they are presented or if the 

platform allows it, there could be hidden surprises in the course page [105].  

 

Motivation is also mentioned in the topic 3.1.3 where it is mentioned, that there are 

intrinsic and extrinsic motivation sources in OL. These are dependent on the student but it 

is possible to increase intrinsic motivation in students by designing the course to be 

interesting or exiting in the eyes of the student. As extrinsic motivation, the course itself 

may have extrinsic sources of motivation if it is included in a curriculum.  

 

4.2 Initial design of the framework 

 

In the previous subsection, all the different attributes are discussed. In this subsection, the 

framework is designed and explained. In Table 5, the 17 attributes and general methods on 

how to include them into the framework design. 

 

Table 5. Course design attributes and implementations 

Application Make projects and assignments to be applied into real 

life situations 
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Collaboration Implement some method of communication between 

students and teacher–student, can be IRC, forum, 

message board etc. 

Competency Measure competency 

Content relevancy and 

completeness 

Up-to-date content, complete topics  

Content and course delivery VoPP, multimedia, activate multiple senses 

Course structure modular, non-linear, non-restricted, two-way 

connections 

Encouragement Communication, email messages 

Engagement Engaging with questions and exercises in between 

lecture videos 

Feedback Implement instant feedback whenever it is possible, 

give feedback from graded assignments 

Flexibility & Accessibility modular, non-linear, non-restricted, two-way 

connections 

Interaction / interactivity Collaboration 

Motivation Collaboration, interaction, real-world situations, 

encouraging, engaging 

Pedagogy (in general) Collaboration, interaction, real-world situations, 

encouraging, engaging 

Real-world examples, 

assignments etc. 

Make examples and assignments to be real-world 

situations 

Service quality Make sure everything works reliably and are 

responsive 

Support Forum, discussion board, email, IRC, FAQ 

Usability Guides, FAQ 

 

All the attributes are somehow related to each other through their implementation. Some 

attributes affect each other in a two-way connection. In Figure 6 is a diagram showing the 

relationships between the different attributes. The connections between the attributes are 

only the major connections because if the minor connections are drawn as well, the 
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diagram would become unreadable as almost everything affects everything else in small 

scale.  

 

 

 

Figure 6. Attribute relations 

 

 

 

 

The center point of the diagram is motivation. Motivation is affected by almost everything 

in a course and it is the major aspect of all courses. Pedagogy in general is something that 

could be left out from these attributes, as most of the other attributes are included in 

pedagogical methodology.  

 

4.2.1 General overview of the course structure 

 

The framework consists of different components, which have been mentioned in Table 5 

and previous subsection. Within the course framework, the course is divided into sections 

or modules based on topic and not by weekly division. Each module is then divided into 

activities, which are not restricted by the completion of a previous activity even if they are 
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related to each other. This means, that the student can watch lectures from different topics 

before even doing the graded assignments or that the student could do a graded assignment 

in an advanced topic before doing the basic assignments. Students could flexibly do 

activities that interest them the most first and leave the more boring activities for later. As 

the students are not time restricted, they can complete the activities on their first day or 

during the last day. Even with a modular design, the topics can be connected to each other 

if the subjects of the topics are related to each other (Figure 7).  

 

 

Figure 7. General course structure overview 

 

The course should always start with the introduction for the course. While in Figure 7 the 

topics are connected to each other, it does not mean that the student could not go straight to 

topic 11 from introduction. The dotted lines represent the possibility of going to different 

topics from the introduction. This also applies between the topics, so a student can move 

from one topic to another in any order. This is just a general modular design for the course 

structure. It is up to the teacher to decide what kind of topic divisions a course should have.  

 

The major components that are included in the course will be lectures, graded activities, 

and other course materials and activities. Graded activities will be quizzes, assignments, 

and projects. Quizzes and assignments should be made for each week and projects are 

independent of the topics. Student evaluation would primarily happen through these three 
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activities. Quizzes are a good way to assess the student learning for a specific topic and 

they can implement immediate feedback, as the correct and incorrect answers will be saved 

into the platform. Assignments are a way to measure the students’ ability to use that 

knowledge in practical situations. Projects are a way to assess the students’ overall skill 

and competency in the subject as a whole. There could be exams as well depending on the 

teacher but sometimes it is difficult to measure student ability with an exam. Assessment 

priorities depend on the teacher and how much emphasis a particular aspect of the course 

gets. Additionally, the difficulty of different activities affects how they are graded. All 

activities are designed to relate to the real world. Even quizzes can have questions related 

to real situation.  

 

The minor components in a course are FAQ, discussion boards or forums, course 

information, schedule, and other course completion information. These components belong 

to the whole course structure, are not part of any individual topic, and do not affect how 

the course is completed. FAQ will support students if it can be built and discussion boards, 

forums, or other means of communication will increase support, interactivity and 

collaboration. Course information gives general knowledge of the course and 

recommending a course schedule can help students to manage their own pace. Other course 

completion information can include things like course assessment, goals, and things the 

teacher deems needed. 

 

4.2.2 Individual topic structure 

 

A single topic will consist of a lecture, graded quiz, graded assignment, and an exercise. 

Other material in a topic includes used lecture slides, possible source material, and links to 

additional information if available and other useful information related to the single topic. 

Graded assignments will wary from course to course and from topic to topic. If each topic 

has a similar graded assignment, the student might get bored with them, so it is highly 

advisable to have different types of assignments within the possibilities of the course and 

topic.  

 

Lectures will consist of lecture videos and they should be less than 10 minutes long each. 

One course topic can include multiple lecture videos if necessary. After each video, there 
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should be one or two ungraded questions related to the lecture video, similarly how a 

lecturer could ask during a classroom lecture. This increases interactivity with the course 

and helps the student to remember a little better. Having only long lecture videos make 

students forget things that are mentioned earlier and at worst lose all interest in the course 

itself.   

 

Activities should not be restricted by another activity, but they can be related to each other. 

Quizzes are related directly to the topic material and possibly even to the exercises if the 

teacher makes them so. Exercises are always related to the lectured topic and graded 

assignments can be related to exercises, lectures or both. The topic framework is shown in 

Figure 8. 

 

Figure 8. Topic framework 

 

 

The purpose of this framework is to have all separate activities to be two-way connected to 

each other. This means that students can go from any activity to another activity and back 
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if necessary. Students will more than likely visit the lecture after looking at the quiz to 

refresh their memory and look for answers.  

 

4.2.3 Covering the attributes 

 

Below is a diagram how the attributes are covered with this design. Ellipsoids are the 

attributes while rectangles are the individual components in a course and topic. Six 

attributes are on the outside because the whole structure covers them rather than individual 

components (Figure 9). 

 

 

Figure 9. Attribute coverage 

 

Figure 9 shows that, the whole course structure covers all the seventeen predetermined 

attributes. Most of the attributes are related to some specific components while some of 

them are linked to more than two different components. With this framework, the GIS 

course is created and tested. 
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5 CREATING THE ONLINE COURSE – CASE: GIS  

 

Multiple GIS courses can be found online and some of them cover the general topics of 

GIS. Additionally, in Finland few universities offer GIS courses. Most of the GIS courses 

use Esri’s ArcGIS software, which needs a license to be used [106]. There are some 

courses, which use an open source software called QGIS [107]. However, in this new self-

study course the chosen software is a Finnish open source software called Oskari, which is 

managed by the National Land Survey of Finland (NLS). It is an acronym in Finnish for 

open source map window (Open Source KARttaIkkuna) [108]. The idea behind the course 

is not to teach how to use a specific software but to teach how to use any GIS software. 

Software used in the course is only a tool to teach the concepts of GIS. 

 

5.1 Literature review: GIS course structure 

 

This section covers the general topics of GIS courses taught in universities, online or with 

a use of a book. The most common topics are gathered and used as topics for the GIS 

course.  

 

The data for this section is collected from various courses found online, by contacting a 

GIS course professor from University of Turku in Finland and using ArcGIS book as a 

reference [109].  

The following courses are used as reference for the possible topic selection (Table 6): 

 

Table 6. GIS courses 

Organization Course 

MIT Environmental Engineering Applications of Geographic 

Information Systems [110] 

 A Workshop on Geographic Information Systems [111] 

 Geographic Information System (GIS) Tutorial [112] 

Coursera Geographic Information Systems (GIS) Specialization [113] 

Harvard Extension-ISMT E-150: Introduction to GIS [114] 

Gispo  Introduction to QGIS [115] 
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When analyzed into a table (see appendix 3 and 4), the most common weekly topics in 

order are:  

 

1. Intro  

2. Principles and methods  

3. Spatial data  

4. Products of GIS (i.e. projections, maps)  

5. Storing, selecting, editing geographic data  

6. Coordinate systems  

7. Spatial analysis (vector models)  

8. Spatial data models (raster models)  

9. Network analysis  

10. Processing tools  

11. WebGIS  

12. Symbology  

13. Remote sensing  

14. Geocoding, spatial statistics  

15. Digital elevation models  

16. Spatial analyst Evaluating spatial data 

 

Because in LUT, a normal 6-credit course is 14 weeks long, it would be preferable to have 

14 topics instead of 16. As such, some of the topics are combined under one topic. The 

final topics are presented in the next subsection.  

 

5.2 Creating the course material 

 

As the final topics for the course the following topics and structure is proposed: 

 

1. Introduction 

2. Data: General look of spatial data, databases, view and analysis 

3. Map layout & projections 

4. Coordinate systems 

5. Data: Storing, selecting and editing geographic data 
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6. Relational databases and data handling 

7. Spatial analysis with vectors 

8. Spatial analysis with rasters 

9. Geocoding and network analysis 

10. Data and map processing tools 

11. WebGIS 

12. Remote sensing and satellite imagery 

13. Digital elevation models 

14. 3D modeling 

 

In LUT, the normal 6-credit course length is 14 weeks, which equals to one semester. Each 

credit is an average 26 hours of work for a student and in total a 6-cr course should be 156 

hours of work. These hours can be divided equally for each week. If the course is divided 

into 14 weeks, this would mean an average of 13.33 hours per week. However, as the 

course should include at least one project, it is advised that first the hours used for the 

project are subtracted. Total time used for project(s) could be from 60 to 100 hours during 

the course, which would leave 60 to 100 hours for lecture material and exercises.  

 

In the book “Introducing Geographic Information Systems with ArcGIS: A Workbook 

Approach to Learning GIS” [109] the material is divided into nine chapters. Chapters 

consist of theoretical material and exercises. The total amount of work is estimated to be 

from 38.5 to 56.5 hours. Each chapter is evaluated to take between three to seven hours to 

complete and the average for the book is 5.25 hours per chapter. If that average is 

multiplied by 14 that would bring the total to 73.5 hours.  

 

Each week would consist of lecture material and exercises. In LUT, programming courses 

have two to four hours of lectures and up to four hours of exercises each week. Topics can 

be more detailed depending on how much time is used per topic. Additionally, topics can 

be added or even removed from the end depending how much time goes to the ones higher 

in the hierarchy.  

 

In LUT, there are no pre-existing GIS courses. All the basics need to be taught on the 

course and it should be at Master’s level. For creating the course, some reference is needed 
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to find out learning outcomes for a Master’s level GIS course and things that should be 

taught. Two courses from the University of Oslo are used as reference. One 10 credit 

Master’s level course [116] and the prerequisite Bachelor’s level course [117]. The 

Bachelor’s level course is an introductory course to GIS while the Master’s level course is 

a more in-depth look to GIS and ArcGIS. The course in this thesis is a combination of 

both, working as an introductory course and going in-depth in some parts. The course 

content and learning outcomes in both University of Oslo’s courses serve as a good 

reference for creating learning outcomes for the course described in this thesis.  

  

As the author himself did not have earlier experience on GIS, he first had to start learning 

about the subject by himself. During learning, course materials are gathered from different 

sources and organized according to the topics. The materials are collected from different 

sources to make sure the content is still valid and complete. If multiple sources said the 

same thing, then it must have been true. The gathered materials are inspected to choose 

what key topics to mention in the lectures and what can be left out for the students to go 

through by themselves.  

 

As topics are slightly overlapping, some things had to be repeated in different lectures. The 

first topic is an introductory topic so basic information from different topics have to be 

mentioned during the lecture. Similarly, the second topic is a general outlook to spatial 

data such as vector and raster data, so some information had to be repeated in the later 

topics as well.  

 

The non-graded exercises are designed to enforce the learning of lecture material, as they 

were not mandatory for students to do. For example in topic 5, the GeoJSON data structure 

is presented. The students are directed to a website where they can draw vectors on a map 

and it would automatically create GeoJSON text for the user. 

 

The assignments for the course are designed to relate to the use of Oskari if possible. 

Lectures are mostly about the different theories in GIS, the exercises are designed to 

enforce the learned theory, and the assignments are designed to implement the learned 

knowledge in practical situations with a GIS software. For example, third topic is about 
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map projections and map layout. In it, different types of projections are explained and what 

different restrictions are in them. In the exercise, the students would go see a website 

where a dynamic map is shown with changing projections. Then in the assignment, the 

students would first use the default projection in Oskari and then change the projection into 

a different one to see how the software is affected by this change: does the data on the map 

change according to the projection or is it somehow distorted.  

 

Different assignments have different expectations from students. In some assignments, the 

students would have to return a short video showing that they did what is asked, and they 

would need to explain what happened. In some assignments, the students are asked to fill 

out a premade form where they had to answer some questions. These forms are an 

alternative to returning a text document. With these forms, the students would not need 

additional software and it would be easy for the teacher to go through the answers and give 

feedback.  

 

The course included two different projects, one more theoretical project and one more 

practical project. The theoretical project’s idea is to write a four page long academic paper 

related to GIS and some other subject such as environment or sustainability. This is a way 

to evaluate the students’ understanding of the theory related to GIS and to measure their 

capability in research. 

 

The practical project is to create a plugin for the Oskari software. They are presented with 

few different case scenarios explaining what a possible user would like to do such as a 

tourist wanting to travel through the Silk Road and stay overnight in each town or city. The 

students would have to design the whole plugin by themselves: what kind of data they 

would need, where to get that data and how to put it all together in a program. This project 

would measure the students’ problem-solving skills, their data finding and creation skills, 

understanding the different GIS analyses, programming skills and Oskari usage skills.  

 

The students are assessed based on the weekly quizzes, assignments and final projects. The 

quizzes amount to 5 % of the grade, assignments 25 %, first project 30 % and second 

project 40 % of the grade. Quizzes are not that difficult and getting maximum points 
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should be relatively easy. Assignments are more difficult than the quizzes but not as 

difficult as the projects are. One assignment is not that difficult, but a dozen assignments 

add up to the total amount of time required to do them. The theoretical project is less time 

consuming than the practical project, which is why the percentage is lower. These 

percentages can change later if some parts are deemed more or less difficult than initially 

thought. The evaluation revolves around evaluating students’ competency. 

 

After designing all the material, the lecture materials are put into slides using the minimum 

amount of text necessary to convey the key information with text alone. Most of the lecture 

slides are 7 to 13 slides. The slides have text and images to make them more interesting for 

the students. Most text is in a bullet list, as a single slide should not have too much text on 

it. All the used images are either self-made or found from Google image search filtering 

only images that can be used and modified non-commercially. Most slides are animated for 

the presentation meaning that the text and images would only appear when the presenter 

wants them to. This is done because showing all the text at the same time would distract 

the student from listening into reading and that would mean half of the information would 

be left out immediately. Animations also make it easier to follow the lectures when things 

would only appear when it is time to talk about them. After creating the slides, it is time to 

record the lecture videos for students. 

 

Lecture videos are recorded using Screencast-o-Matic software [118]. The total length of a 

lecture varied from 10 minutes to an hour. Because the lectures are so long, they are 

divided into shorter parts. For the first testing phase, it is decided that the videos should be 

10-20 minutes long and not less than 10 minutes. This is made to test out the theory behind 

video length. Videos are cut using MP4Splitter-software [119] and they are cut in the 

moment a slide and subtopic changed to another. The slides have some text in the comment 

box as to know what should be explained to the students, but the videos are not scripted to 

give a more natural output to students. Recording the lectures took a few tries to get them 

right and some videos are edited to cut out specific parts because the videos are already 

long and re-recording them would take too long.  

 

Questions in-between the lecture videos are created based on the slides the videos have 
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gone through so far. These questions are simple basic questions the students could answer 

if they pay any attention to the videos or slides. Questions for the quizzes are created based 

on the lectures and they are slightly more advanced. Some questions are theoretical 

questions and some questions are related to real-life situations or examples. Every answer 

in a question gives feedback depending on the answer. With a correct answer, the student 

receives positive feedback and with a wrong answer, the feedback informs that the answer 

is incorrect and asks to try again. Additionally, if the wrong answers are related to some 

other information, the feedback tells this to the student. For example, asking what the GIS 

acronym stands for and if the student answers Geographical Information Science, the 

feedback tells that the acronym would then be GIScience. 

 

In addition to lecture videos, the course includes instructional videos as well.  The videos 

are guided instruction videos on how to install Oskari, how to use some Oskari function 

and how it can be modified through coding. Coding in the videos is basic programming 

where the example code is written and explained to the viewer. This way the students learn 

more easily than by just following written instructions and they encounter less problems as 

they can see how things work. The length of these videos varies from 15 minutes to an 

hour but most are less than half an hour long. For the first test, it is decided that these 

videos do not need to be divided as the students can pause them whenever they need to. 

Watching the exercise videos is not mandatory for the students if they already know how 

to do the instructed things. Additionally, the students can always go back to see the 

exercise videos if they do not remember how something is done.   

 

5.3 Delivering the course online 

 

This course is put online into the Moodle LMS platform because LUT uses it for its online 

courses. Moodle offers the teacher the option to divide courses into sections according to a 

weekly schedule or by topic. Because this course is not restricted by any weekly deadlines, 

there is no reason to divide it into weekly sections. The course consists of 19 topics, which 

includes four general topics and one topic for Oskari related videos and information. Rest 

of the topics are the 14 predetermined topics from section 5.1 and they are divided under 

the 4 general topics aside from WebGIS. Students are given a progression guideline 
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(Figure 10). Students are not restricted by this guideline in anyway as it works just a guide 

which students can look at and see what topics might be useful to do first.  

 

Figure 10. GIS course progression guideline 

 

The lecture videos are uploaded to the YouTube and Moodle platform, and lectures are 

created from them using the Lesson module. This module allows the teacher to line up 

multiple different activities into one lesson, such as videos, questions, text material and 

other necessary things related to a lesson. After every lecture video one or two questions is 

asked from the student. These questions are not graded, and students can try them as many 

times as they want. Every wrong answer redirects the student back to the lecture video and 

a right answer allows the user to go to the next part. In the weekly quizzes, every quiz has 

five questions a student needs to answer which are chosen randomly from a question bank. 

The question bank is a useful storage for questions used in the course. Most of the topics 

have at least seven different questions to give variety for the questions that can appear in a 

quiz. Every student gets slightly different questions, and this might prevent them from 

telling the correct answers to their friends. For a passing grade, students need an average of 
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3 out of 5 questions correct and students only have one attempt for each quiz. All the 

questions are either multiple-choice or true-false questions as those are easiest to check and 

can give immediate feedback to the students. Essay questions require the teacher to go 

through all the answers and that would delay feedback.  

 

The course has an ending deadline when everything needs to be done but none of the 

quizzes or assignments have any individual deadline, so the students are not restricted by 

them. In addition, activities do not have any restrictions between them, so the students do 

not have to complete a lesson to be able to do a quiz or assignment.  

 

Each topic has other material besides the lesson modules, quizzes, and assignments. Each 

topic includes a link to the uncut lecture video if the students want to watch that without 

separate division. The used slides are also put onto the topic pages for students to refresh 

their memory if necessary. Finally, each topic has links to different websites, which are 

used as reference for the lecture material and links to websites for more information about 

the topic. These links are added so that students can read up on things that interest them 

more and read about things that are not discussed during the lectures in extreme detail, as 

one course cannot cover everything there is to know. In some topics, few helpful links are 

put to the slides and these links are put to the Moodle page for a quick access.  

 

The course includes a built-in news section, discussion board anyone can use and a FAQ  

-section, although there are only some basic questions and answers. These are used for 

communicating with and between the students. Moodle has an internal messaging system, 

which can be used for communication between participants. Students can send emails to 

the teacher for the quickest communication option. 

 

Figure 11 shows the structure of one topic in the course on Moodle platform. The top row 

shows the general topics for the course and when one is clicked, the subtopics are listed 

below if there are any. For example, the “general look of spatial data” subtopic belongs to 

the “spatial data” group. Introduction, WebGIS and Oskari do not have their own subtopics 

but they could not be mapped under any of the created topic groups. For more images 

about the course topics and structuring, refer to appendix 5. 
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Figure 11. Course structure on Moodle platform 

 

 

The course is intended to be an independent online course, so everything the students do is 

done by themselves. This also means that sometimes there might not be many students 

taking the course and that reduces the amount of possible student–student interaction. With 

only one student taking the course, that student would not be able to discuss the topics with 

other students. This does not mean that a discussion board or a forum is useless in such 
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case. The discussion boards can be used from course to course, which means new students 

can see what older students have asked or discussed. The discussion board can work 

similarly as Stack Overflow [120] works where people can look for issues others have had 

and the working solutions if there are any. When there are not enough students, the teacher 

can give the solutions assuming the teacher knows the solutions.  

 

5.4 Testing the course 

 

After making the online course on the Moodle platform, three people were requested to test 

the course and they gave the following feedback: 

 

The structure of the course is good but slides have a minor problem. Because the slides are 

made with the lectures in mind, there are times when some slides are cluttered with 

images. Only looking at the slides without seeing the lecture video makes it difficult to 

understand the images. It is suggested that the images could be split onto different slides 

and they could have some info text explaining what the image is about if it was not 

apparent already. Another improvement suggestion is that the course could have the 

learning outcomes and approximated course schedule in the front page. Third suggestion is 

that the initial project explanations were too general and examples that are more detailed 

would be better.  

 

All these suggestions are presentation related meaning the structure itself is good enough 

to pass the initial test. During the testing, a small survey is conducted which comprises of 

five questions. The questions are simple agree/disagree questions with a scale from zero to 

10. The survey had 13 responses where 11 are university students or graduates and two are 

technical college graduates. The survey participants are the 3 course testers and 10 people 

who did not test the course. Eleven of the respondents are between the ages of 21 and 26 

and two are between 27 and 32. Figure 12 shows the survey response distribution and for 

the full survey information, see appendix 6.  

 

According to the responses, 69 % of respondents would rather watch two less than 10 
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minutes long clips rather than one over 10 minutes long video if the total amount of time is 

same. This correlates with the theory that lecture videos should be less than 10 minutes 

long each.  

 

The next three questions in the survey are related to having some activity after a lecture 

video: a question or two, short practical exercise or a reflection part. Of the respondents, 92 

% agree that having a question or two or a short practical exercise would help them learn 

and remember better, while having a reflection part is split both ways. All those 

respondents who preferred on having a short practical exercise agreed strongly to it, by 

rating it between 8 and 10.  

 

The final question is about exercises and if the respondents would learn and remember 

better with guided exercises rather than with written instructions. Of the respondents, 77 % 

agree that guided exercises would be better than written instructions. 

 

While the test and the survey are both small scale, they give valuable information. Both 

indicate that the framework should work well but that requires test runs from real students 

and their appraisal.  
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Figure 12. Survey question results 
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6 FINALIZING THE FRAMEWORK  

 

Based on the feedback gained from the testing and the survey, the course and framework 

are slightly changed. First, the slides must be modified so students who only read the slides 

can understand them better. This does not mean that the videos should be re-recorded 

based on these new slides. Another change that must be made is the length of the videos. 

As mentioned earlier in the thesis, and what is gained from the short survey, the videos 

should be less than ten minutes long.  

 

Finally, some changes must be made for the framework. As the survey indicated, having 

short practical exercises between the lecture videos is helpful as well. This would also 

make the interactions more varied, as it would not always be questions after lecture videos. 

This would improve students’ learning and overall evaluation of the course. The finalized 

framework is shown in Figure 13. 

 

Figure 13. Improved framework 
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In the updated framework, short practical exercises have been added to the lectures. A 

short practical exercise is a simple and easy task for students to do. The short practical 

exercises are meant to give students a breather and focus on learning something by doing 

rather than listening to a lecture. This increases the interactivity part even more than basic 

questions and the exercises can be links to some external services or tutorials. 

 

In Figure 14 is the whole course with the implemented activities combined to the seventeen 

attributes with dotted lines. Attributes are marked as ellipses and activities are marked as 

rectangles. The figure shows in better detail how different attributes are related to the 

activities within the course. Finally, in Table 7 is a quick recap on what the different 

activities contain and how they are formed. 

 

 

 

Figure 14. Complete course design framework 
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Table 7. Course activities and their formulation 

Activity How it is formed 

Lecture N times under 10 minutes long unscripted 

videos in voice-over-PowerPoint format. 

Then either lecture question or short 

practical exercise after each short video 

Lecture question Questions about the lecture video just seen 

Short practical exercise Quick exercise to test out or show how the 

things in previous lecture video work in 

practice 

Quiz  A short quiz to evaluate the theoretical 

knowledge of students in each topic. Should 

consist of 5 to 10 questions. 

Exercise A non-graded practical exercise to either 

test out the learned theories, use of software 

or other related things in practice 

Graded assignment An assignment to evaluate the practical 

knowledge of students in each topic. 

Email / platform chat / IRC A way to communicate between student – 

student and teacher – student  

FAQ / Guides A way to support the students in their 

learning and usage of platform and software 

 

With this design, the course framework is finalized. The next section presents a discussion 

on the limitations and possible future work before drawing conclusions. 
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7 DISCUSSIONS 

 

In this thesis, the major research question is “How to create a great independent online 

course?” This research question led to creating a new practical design framework for 

online courses. 

 

Online courses have been rising in popularity after MOOCs appeared. In 2016 there were 

6850 MOOC courses and over 600 more new course compared to previous year [121]. 

MOOCs are slightly different from online courses in a university but similar rise in 

popularity can be found in universities. This has led to a research on courses and learning 

environments, which are effective, satisfactory, and of high-quality. Many of these 

researches focus on evaluating online courses based on different parameters or guidelines 

such as the Quality Matters rubric [3]. While these evaluations do provide data on whether 

a course is satisfactory or not, they do not specify the reasons why it is not satisfactory. 

This leads to a need to a design framework that tells in enough detail how to design a 

satisfactory and effective course. 

 

The framework designed is constructed around specific attributes that make a course 

desirable. These attributes work in both offline and online courses. All the attributes are 

related to each other in some way and most can be mapped beneath general pedagogy. 

While this framework is meant for online courses, it could also be used for traditional 

lecture-based courses, blended learning courses and flipped classroom courses. 

 

7.1 Limitations 

 

While the course is only tested in small scale, the testing provided information that 

supports the framework. The course may go through full testing at a later period. Because 

this course is an original course in LUT, the creation took a lot longer than it would have 

with improving an existing course. Additionally, there is no control course to compare 

against and the only way to get results is to test the course with multiple students in real 

curriculum. The framework should also be tested in other courses as well to get reliable 
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results in different course topics. Even if the framework works in this case, in a different 

course it is possible to get different results.  

 

Another limitation is the students. Students are individuals and the materials and course 

design might work differently with different people. Even if a majority said that some part 

worked well, there might be times that the course population is comprised of only people 

representing the minority. Without multiple tests and studies, it is impossible to say with 

certainty that this framework is perfect or close to it. 

  

7.2 Future work 

 

Since this is a new framework without much testing, it should be tested in multiple courses 

using different online platforms. In LUT, some existing courses such as the Computer 

Science 1 and object-oriented programming are using recorded lecture videos, quizzes and 

online assignments.  The courses that are already mostly online and already implement 

many parts of this framework on their own could be redesigned to use the provided 

framework and see if the satisfaction increases. This testing would provide valuable results 

about the framework’s effects. 
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8 CONCLUSIONS 

 

This thesis research is conducted in Lappeenranta University of Technology as a study to 

create an online independent learning course on geographical information systems. For the 

course, a framework is created to be able to create an effective online learning 

environment. There are no existing geographical information system courses in 

Lappeenranta University of Technology, so the whole course had to be created from 

scratch. Most often geographical information system courses are taught in geography-

oriented universities or programs and it is rarer to have such course in a technical 

university.     

 

This thesis addresses the gap in design frameworks for designing online courses. There are 

no practical frameworks for creating online courses. Most of the existing frameworks are 

either too abstract or list pedagogical attributes, such as motivation, that should be 

implemented without explaining how to do it. The framework in this thesis tackles the 

problem of ambiguity and tries to explain how different pedagogical attributes can be 

implemented in an online environment, what activities an online course should implement 

and how to connect the different activities within a course together.  

 

Some courses in LUT already make use of things described in the framework, such as 

having short videos and questions in-between videos. One such course was well evaluated 

during the last semester. That course got an overall grade of 3.83 out of 5 in motivation 

from participants. The course was to be studied independently except for the voluntary 

exercises where students could receive guidance. In these exercises, there usually were no 

students present. Those who came usually attended because they could not install the 

software at home. Overall, more than 90 % of the students did everything at home. 

 

The results from the testing and survey are promising. In the survey most agreed with the 

ideas that are implemented in the framework and most problems from testing are related to 

the content rather than the framework itself. These problems are easily fixed for the first 

real testing of the course. Overall, this study can be seen as successful.  
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“online course 

design” (full text) 

Online support service quality, online learning acceptance, and student 

satisfaction 

Science 

Direct 

“online course 

design” (full text) 

Perceived impact of activities and resources on higher order learning skills 

in an online course 

IEEE 

“online course 

design” (full text) 

Quality of service, quality of experience and online learning IEEE 

“online course” + 

framework 

(metadata)  

Recommending Self-Regulated Learning Strategies Does Not Improve 

Performance in a MOOC 

ACM 

“online course 

design” (full text) 

Services science curriculum: Design and web-based delivery IEEE 

“online course 

design” (full text) 

Student Engagement: One of the Necessary Conditions for Online 

Learning 

IEEE 

“online course” + 

framework 

(metadata)  

Teaching epidemiology in the digital age: considerations for academicians 

and their students 

Science 

Direct 

“online course” + 

framework 

(metadata)  

The effect of self-regulated learning on college students' perceptions of 

community of inquiry and affective outcomes in online learning 

Science 

Direct 

“online course” + 

framework 

(metadata)  

The effects of technology on the Community of Inquiry and satisfaction 

with online courses 

Science 

Direct 

 

 

 



 

 

 

 

APPENDIX 2. Final papers from systematic literature review on online learning 

Table 8. Final papers from systematic literature review 

Search terms Title Source 

“e learning” + 

effective* + learning 

A case study to investigate different types of intrinsic motivation in 

using an e-learning system 

IEEE 

“e learning” + 

effective* + learning 

A case study of Problem-Based Learning instruction design under web-

based environment 

IEEE 

“e learning” + 

effective* + learning 

An empirical study of gamification impact on e-Learning environment IEEE 

“e learning” + 

effective* + learning 

Cognitive Load Reduction on Multimedia E-Learning Materials IEEE 

“e learning” + 

effective* + learning 

Effective learning through e-learning system: DEA Approach: HCI 

technologies for education 

IEEE 

“e learning” + 

effective* + learning 

E-learning Methods and Hindering Factors for their Usage: An Empirical 

Study in an Education Institute 

IEEE 

“e learning” + 

effective* + learning 

ePBL: Design and implementation of a Problem-based Learning 

environment 

IEEE 

“e learning” + 

effective* + learning 

The impact of YouTube videos on the student's learning IEEE 

“e learning” + 

effective* + learning 

The perceptions of learners on the effectiveness of e-learning in higher 

education: An empirical study 

IEEE 

“e learning” + 

effective* + learning 

Effectiveness of an e-learning course in evidence-based medicine for                

foundation (internship) training 

Sage 

Pub 

“e learning” + 

effective* + learning 

E-Learning Critical Success Factors Model: Empirical Investigation ACM 

elearning + 

effective* + learning 

Evidence-Based Best Practices in Designing and Developing Quality 

eLearning for the Public Health and Health Care Workforce 

Sage 

Pub 

“online learning” + 

effective* + online 

Academic motivation and self-regulation: A comparative analysis of 

undergraduate and graduate students learning online 

 

Science 

Direct 

“online learning” + 

effective* + online 

A comparison of student satisfaction and value of academic community 

between blended and online sections of a university-level educational 

foundations course 

Science 

Direct 

“online learning” + 

effective* + online 

A multi-method study to determine the effectiveness of, and student 

attitudes to, online instructional videos for teaching clinical nursing skills 

Science 

Direct 

“online learning” + 

effective* + online 

An analysis of instructor social presence in online text and asynchronous 

video feedback comments 

Science 

Direct 

(continues) 



 

 

 

 

APPENDIX 2. (continues) 

Search terms Title Source 

“online learning” + 

effective* + online 

An empirical development of critical value factors (CVF) of online 

learning activities: An application of activity theory and cognitive value 

theory 

Science 

Direct 

“online learning” + 

effective* + online 

An evaluation of online learning to teach practical competencies in 

undergraduate health science students 

Science 

Direct 

“online learning” + 

effective* + online 

A theory of online learning as online participation Science 

Direct 

“online learning” + 

effective* + online 

E-assessment of online academic courses via students’ activities and 

perceptions 

Science 

Direct 

“online learning” + 

effective* + online 

Evaluation of student outcomes in online vs. campus biostatistics 

education in a graduate school of public health 

Science 

Direct 

“online learning” + 

effective* + online 

Examining the necessary condition for engagement in an online learning 

environment based on learning analytics approach: The role of the 

instructor 

Science 

Direct 

“online learning” + 

effective* + online 

Examining the relationship among student perception of support, course 

satisfaction, and learning outcomes in online learning 

Science 

Direct 

“online learning” + 

effective* + online 

Learning Styles and Perception of Engineering Students Towards Online 

Learning 

Science 

Direct 

“online learning” + 

effective* + online 

Motivation in online learning: Testing a model of self-determination 

theory 

Science 

Direct 

“online learning” + 

effective* + online 

Online or face-to-face learning? Exploring the personal factors that predict 

students’ choice of instructional format 

Science 

Direct 

“online learning” + 

effective* + online 

Online or face-to-face? Students’ experiences and preferences in e-

learning 

Science 

Direct 

“online learning” + 

effective* + online 

Online vs. face-to-face discussion in a web-based research methods course 

for postgraduate nursing students: A quasi-experimental study 

Science 

Direct 

“online learning” + 

effective* + online 

Overcoming overconfidence in learning from video-recorded lectures: 

Implications of interpolated testing for online education 

Science 

Direct 

“online learning” + 

effective* + online 

Peer learning a pedagogical approach to enhance online learning: A 

qualitative exploration 

Science 

Direct 

“online learning” + 

effective* + online 

Procrastination, participation, and performance in online learning 

environments 

Science 

Direct 

“online learning” + 

effective* + online 

Regulating interest when learning online: Potential motivation and 

performance trade-offs 

Science 

Direct 

(continues) 



 

 

 

 

APPENDIX 2. (continues) 

Search terms Title Source 

“online learning” + 

effective* + online 

Social presence in relation to students' satisfaction and learning in the 

online environment: A meta-analysis 

Science 

Direct 

“online learning” + 

effective* + online 

Students’ and instructors’ use of massive open online courses 

(MOOCs): Motivations and challenges 

Science 

Direct 

“online learning” + 

effective* + online 

Students' self-regulation for interaction with others in online learning 

environments 

Science 

Direct 

“online learning” + 

effective* + online 

The effect of self-regulated learning on college students' perceptions of 

community of inquiry and affective outcomes in online learning 

Science 

Direct 

“online learning” + 

effective* + online 

The importance of participant interaction in online environments Science 

Direct 

“online learning” + 

effective* + online 

The importance of personality in students’ perceptions of the online 

learning experience 

Science 

Direct 

“online learning” + 

effective* + online 

Understanding the massive open online course (MOOC) student 

experience: An examination of attitudes, motivations, and barriers 

Science 

Direct 

“online learning” + 

effective* + online 

Using Mayer's Design Principles in Online Learning Modules: 

Implementation in a Student Centered Learning Environment 

IEEE 

“online learning” + 

effective* + online 

An Investigation of Factors that Contribute to Student Satisfaction 

from Online Courses: The Example of an Online Accounting Course 

IEEE 

“online learning” + 

effective* + online 

Online engineering courses: Benchmarking quality IEEE 

“online learning” + 

effective* + online 

Are undergraduate students ready for online learning? A comparison of 

online and face-to-face sections of a course 

Sage 

Pub 

“online learning” + 

effective* + online 

Can Online Courses Deliver In-class Results?: A Comparison of 

Student Performance and Satisfaction in an Online versus a Face-to-

face Introductory Sociology Course 

Sage 

Pub 

“online learning” + 

effective* + online 

“Not All Visual Media Are Helpful”: An Optimal Instructional 

Medium for Effective Online Learning 

Sage 

Pub 

“online learning” + 

effective* + online 

Online Learning Perceptions and Effectiveness of Research Methods 

Courses in a Hispanic-Serving Higher Education Institute 

Sage 

Journals 

“online learning” + 

effective* + online 

Designing Videos with Pedagogical Strategies: Online Students' 

Perceptions of Their Effectiveness 

ACM 

“online learning” + 

effective* + online 

The effects of personality factors on participation in online learning ACM 

(continues) 



 

 

 

 

APPENDIX 2. (continues) 

Search terms Title Source 

“online distance learning” 

+ effective* + online 

An Investigation on the Relationship between Online Distance 

Learning with Learning Usability 

Science 

Direct 

“online distance learning” 

+ effective* + online 

Quality Issues of Online Distance Learning Science 

Direct 

“online distance learning” 

+ effective* + online 

Online distance learning: Quality characteristics and usability 

evaluation 

IEEE 

 

 



 

 

 

 

APPENDIX 3. Table with the course topics 

Course topics without changing the topic name into similar subjects. 

Course T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17

ArcGIS 

book

Concep

ts of 

GIS

Spatial 

data

Produc

ts of 

GIS

Storing 

geogra

phic 

data

Geogra

phic 

and 

attribu

te data

Analysi

s of GIS 

data

Creatin

g 

spatial 

data 

sets

Spatial 

analysi

s 

based 

on 

Other 

dimens

ions, 

tools

MIT 

lecture

s

Introdu

ction

Map 

layout

Map 

project

ion

Digital 

elevati

on 

model

Assem

bling a 

cost 

distanc

e 

MIT 

level 1 

and 2 

and 

spatial 

data

Introdu

ction

View 

data 

and 

create 

maps

Perfor

m 

analysi

s

Where 

to find 

GIS 

data

What 

softwa

re to 

use

Data 

manag

ement 

tips

What 

is 

analysi

s in GIS

Exampl

es of 

GIS 

analys

es

Map 

project

ions

Proces

sing 

tools

Softwa

re

Why 

spatial 

data

What 

is 

spatial 

data

Exampl

es of 

spatial 

data

Spatial 

data 

format

s

Softwa

re for 

viewin

g 

spatial 

data

Evaluat

ing 

spatial 

data

2005 

course

Overvi

ew, GIS 

princip

les

GIS 

princip

les & 

metho

ds

Project

ions 

and 

coordi

nte 

system

Relatio

nal 

databa

ses & 

GIS 

data 

Relatio

nal 

databa

ses

Making 

commo

n 

sense 

of 

census

Spatial 

analysi

s 

(vector 

models

)

Spatial 

data 

models 

(raster 

models

)

Geoco

ding & 

networ

k 

analysi

s

Intro to 

interne

t GIS

Interne

t GIS 

using 

web 

service

s

Terrain 

models

, 

cartogr

ams, 

3d

Course

ra 

courses 

1-5

Introdu

ction

Layer 

proper

ties, 

data 

subset

s, 

project

ions

Making 

maps 

with 

commo

n 

datase

ts

Retriev

ing and 

sharing 

data

Vector 

and 

raster 

data 

models 

- 

designi

ng and 

using 

data 

Creatin

g and 

workin

g with 

vector 

data

Storag

e 

format

s and 

workin

g with 

rasters

Data 

quality 

and 

creatin

g web 

maps

Geosp

atial 

analysi

s

Raster

s and 

surface

s (3D 

surface

s from 

rasters

Classif

ying 

and 

viewin

g data 

(projec

tions in-

depth)

Symbol

ogy

Imager

y, 

raster 

calcula

tor 

(remot

e 

sensin

g)

Model 

builder 

and 

other 

topics - 

geocod

ing, 

spatial 

statisti

cs

Digital 

elevati

on 

models

Spatial 

analyst

Univers

ity of 

Turku

Introdu

ction 

to 

cartogr

aphy 

and GI

GIS 

softwa

re

Map 

project

ions

Cordin

ate 

system

s

GPS 

and 

geocod

ing

Remot

e 

sensin

g and 

"kuvat

ulkinta

"

GI 

analysi

s

Cartogr

aphic 

messa

ges 

and GI 

visualiz

ation

Gispo

Intro to 

GIS and 

QGIS

Princip

les of 

GIS 

data

QGIS 

interfa

ce

Visuali

zing 

vector 

and 

raster 

data

Coordi

nate 

system

s

GI 

service

s and 

data

text for 

data

Classif

ying 

data

Map 

printin

g

Editing 

geogra

phic 

inform

ation

data 

analysi

s

QGIS 

addons

Harvar

d 2: 

Introdu

ction 

to GIS

Introdu

ction

Cartogr

aphic 

princip

les nad 

conven

tions

Spatila 

data 

proper

ties 

and 

structu

re

Spatial 

data 

manag

ement, 

geodat

abase 

basics

Vector 

based 

spatial 

analysi

s

Raster 

based 

spatial 

analysi

s

Spatial 

statisti

cs and 

geo-

statisti

cs

Data 

collecti

on and 

data 

quality

Networ

k 

analysi

s

GIS 

modeli

ng and 

autom

ation - 

Web 

GIS

Intro to 

GPS

Intro to 

remote 

sensin

g

Geosp

atial 

applica

tions 

and 

perspe

ctives  



 

 

 

 

APPENDIX 4. Updated course topic table 

Course topics after generalizing the topic names to match similar topics. Final row shows 

the final topics, the maybe refers to having too many topics and some modification has to 

be done. 

Course T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17

ArcGIS 

book
Intro

Spatial 

data

Products 

of GIS 

(i.e. 

projecti

ons, 

maps)

Storing 

geograp

hic data

Geograp

hic and 

attribut

e data - 

Selectio

n, input, 

editing

Analysis 

of GIS 

data

Creating 

spatial 

data 

sets

Spatial 

analysis 

based 

on 

raster

Other 

dimensi

ons, 

tools

MIT 

lectures
Intro

Map 

layout

Map 

projecti

on

Digital 

elevatio

n model

Assembl

ing a 

cost 

distance 

model

MIT 

level 1 

and 2 

and 

spatial 

data

Intro
Spatial 

data

Perform 

analysis

Storing 

geograp

hic data

What 

software 

to use

Data 

manage

ment 

tips

What is 

analysis 

in GIS

Example

s of GIS 

analyses

Map 

projecti

ons

Processi

ng tools
Software

Why 

spatial 

data

What is 

spatial 

data

Example

s of 

spatial 

data

Vectors, 

Rasters

Spatial 

analyst

Evaluati

ng 

spatial 

data

2005 

course
Intro

Principle

s and 

methods

Projecti

ons and 

coordint

e system

Raster, 

Vector, 

TIN

Storing 

geograp

hic data

Making 

common 

sense of 

census

Spatial 

analysis 

(vector 

models)

Spatial 

data 

models 

(raster 

models)

Geocodi

ng & 

network 

analysis

WebGIS WebGIS

Digital 

elevatio

n 

models

Coursera 

courses 

1-5

Intro

Layer 

properti

es, data 

subsets, 

projecti

ons intro

Products 

of GIS 

(i.e. 

projecti

ons, 

maps)

Storing 

geograp

hic data

Vector 

and 

raster 

data 

models - 

designin

g and 

Creating 

and 

working 

with 

vector 

data

Relation

al 

databas

es

Data 

quality 

and 

creating 

web 

maps

Processi

ng tools

Rasters 

and 

surfaces 

(TIN)

Map 

projecti

ons, 

coordina

te 

systems

Symbolo

gy

Remote 

sensing

Geocodi

ng, 

spatial 

statistic

s

Digital 

elevatio

n 

models

Spatial 

analyst

Universit

y of 

Turku

Intro
GIS 

software

Products 

of GIS 

(i.e. 

projecti

ons, 

maps)

Cordinat

e 

systems

GPS and 

geocodi

ng

Remote 

sensing 

and 

"kuvatul

kinta"

GI 

analysis

Cartogra

phic 

message

s and GI 

visualiza

tion

Gispo Intro

Principle

s and 

methods

QGIS 

interfac

e

Map 

projecti

ons

Coordin

ate 

systems

GI 

services 

and data

text for 

data

Rasters 

and 

surfaces 

(TIN)

Products 

of GIS

Editing 

geograp

hic 

informat

ion

data 

analysis

QGIS 

addons

Harvard 

2: 

Introduc

tion to 

GIS

Intro

Principle

s and 

methods

Spatial 

data

Storing 

geograp

hic data

Vector 

based 

spatial 

analysis

Raster 

based 

spatial 

analysis

Spatial 

statistic

s and 

geo-

statistic

s

Data 

collectio

n and 

data 

quality

Network 

analysis
WebGIS

Intro to 

GPS

Remote 

sensing

Geospat

ial 

applicati

ons and 

perspect

ives

Top 

topics 

from 

each 

column

Intro

Principle

s and 

methods

Products 

of GIS 

(i.e. 

projecti

ons, 

Storing 

geograp

hic data

Geograp

hic and 

attribut

e data - 

Selectio

Analysis 

of GIS 

data

Spatial 

analysis 

(vector 

models)

Spatial 

data 

models 

(raster 

models)

Network 

analysis

Processi

ng tools
WebGIS

Symbolo

gy

Remote 

sensing

Geocodi

ng, 

spatial 

statistic

s

Digital 

elevatio

n 

models

Spatial 

analyst

Evaluati

ng 

spatial 

data

Final 

topics 

(maybe)

Intro

Principle

s and 

methods

Spatial 

data

Products 

of GIS 

(i.e. 

projecti

ons, 

maps)

Storing, 

selectin

g, 

editing 

geograp

hic data

Coordin

ate 

systems

Spatial 

analysis 

(vector 

models)

Spatial 

data 

models 

(raster 

models)

Network 

analysis

Processi

ng tools
WebGIS

Symbolo

gy

Remote 

sensing

Geocodi

ng, 

spatial 

statistic

s

Digital 

elevatio

n 

models

Spatial 

analyst

Evaluati

ng 

spatial 

data

 



 

 

 

 

APPENDIX 5. Moodle course images 

 

Course information / front page view for the student. 

 

(continues) 



 

 

 

 

APPENDIX 5. (continue) 

 

Lesson view for students. Bottom shows progress bar and top right has a lesson menu 

which the students can use for quick access.  

 

Lecture question and correct answer. 

(continue) 



 

 

 

 

APPENDIX 5. (continues) 

 

 

Same lesson structure from the instructor view. Shows question locations as well while 

students will not see them in their menu. 

 

 

 

 

(continues) 

 



 

 

 

 

APPENDIX 5. (continues) 

 

 

Quiz page for the students. 

 

 

 

 

 

 

 

 

(continues) 

 



 

 

 

 

APPENDIX 5. (continues) 

 

Assignment example for students, no need to return a word document. 

(continues) 



 

 

 

 

APPENDIX 5. (continues) 

 

 

 

Project page for the course. Shows two different projects and their instructions. 



 

 

 

 

APPENDIX 6. Survey questions and results 

Male or female:  

10 male, 3 female 

Age: 

18-20 0 

21-23 4 

24-26 7 

27-29 1 

30-32 1 

33+ 0 

 

Education:  

0 college, 0 high school, 2 technical college, 11 university 

Graduate: 

4 yes, 9 no 

Questions: 

1. Would you rather watch +10 minute long video or 2x less than 10 

minutes long videos (if overall duration is equal) 

 Next set of questions start with: "Do you think it would help you to learn / 

remember... " 

 2. ... if after a lecture video, there would be one or two questions about 

it? 

 3. ... if after a lecture video, there would be some short practical 

exercise? (for example: you just watched a video about databases, 

then you are directed to an interactive website where you can try SQL 

commands) 

 4. ... if after a lecture video, there would be some thinking or reflection 

part? (for example: you just watched a video about greenhouse effect 

and then you would be asked to think about how you create CO2 in 

your daily life - without needing to write the answers anywhere) 

 5. ... if exercises were guided rather than written instructions? 

(continues) 



 

 

 

 

APPENDIX 6. (continues) 

Results are shown here if the Figure 12 is too small to read. 

 

 
Next set of questions start with: "Do you think it would help you to learn / remember... " 

 

 

 

 

 

 

(continues) 



 

 

 

 

APPENDIX 6. (continues) 

 

 

 

 

 

 

 

 

(continues 

 



 

 

 

 

APPENDIX 6. (continues) 

 

 

 


