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1. Introduction

Over the past 20 years we have witnessed how the use of the Web has made
possible new educational practices, including both open and personal practic-
es. These changes have taken place both at the institutional level and at the
level of individual learners and educators. This dissertation investigates the
design of online learning tools that enable teachers and learners to focus their
practices on openness.

The first chapter introduces the research context, delimits the problem area,
outlines the aims of the study, and establishes the research questions. This
chapter also provides a short description of five design cases on which this
study is built on and introduces the structure of the dissertation.

1.1 The Research Context

Online learning tools are described as tools that have been specifically de-
signed for learning and are connected over a computer network, typically over
the Internet. Open education refers to free and open access to education. To-
gether with open source software, open access, and open content it belongs to
a larger family of open movements that gained attention in the early 1960s. My
dissertation studies five design projects of online services and learning tools
that approach open education from different angles. This interdisciplinary
study combines theories, methods and practices from four different areas:
technology-enhanced learning, open education, digital ecosystems and design.
Through technology-enhanced learning and open education it is also connect-
ed to educational science.

The first large scale initiatives of using computers in education date back to
1960s (Molnar, 1997). Over the years a number of terms such as computer-
assisted instruction, computer-based education, computer-aided learning,
educational technology, online learning, networked learning, and e-learning
have been used when talking about the use of computers in learning and teach-
ing. This dissertation uses technology-enhanced learning (TEL) as an umbrella
term to refer to the support of any learning activity through technology. The
term technology-enhanced learning came into use in late 1990s. Therefore it
typically refers to the use of digital technology in learning (Chan et al., 2006).
Conole, Scanlon, Mundin, and Farrow (2010) emphasize that TEL is a complex
and highly interdisciplinary field that brings together researchers from social
sciences (education, psychology), technology (computer science, information
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science) and design, as well as subject-matter experts. TEL research has a
number of sub-areas that include computer-supported collaborative learning,
improving practices of formal education, informal learning, interoperability of
technological learning services, personalization of learning and others (Wild,
Lefrere, Scott, & Naeve, 2013). TEL tools include both hardware (e.g. interac-
tive whiteboards, handheld technologies) and software. Common types of TEL
software are online learning services, virtual learning environments (VLE),
authoring and delivery tools for learning content, collaboration tools, assess-
ment tools, e-portfolios and others. My focus is on the design of web-based
TEL software for open education. My special interest is in supporting open and
personal approaches to learning.

Introducing technology to education is a complex process. Technological in-
novations must go hand in hand with social innovations. One of the social in-
novations that have impacted education in the last dozen years is the open
education movement. Openness in education has multiple dimensions and
therefore there is no one definition of open education. According to Iiyoshi
and Kumar (2008, p. 2) the key assumption behind open education is that
“education can be improved by making educational assets visible and accessi-
ble and by harnessing the collective wisdom of a community of practice and
reflection”. Most commonly open education is associated with open educa-
tional resources (OER). In a basic sense, OER can be understood as teaching,
learning and research materials that can be freely accessed, used, adapted and
redistributed. In recent years other aspects of openness such as open online
courses (Rodriguez, 2013) and open badges (Jovanovic & Devedzic, 2015) have
gained attention. Open education can be connected to a number of earlier
open movements, such as the public library movement, free adult education,
open universities, open classroom movement, and free software movement.
When discussing open education, it is important to understand the subtle dis-
tinction between free and open. In the educational context, free refers to ac-
cess without any cost. Open typically refers to the licensing model that grants
users with more permissions than offered by the standard copyright law, but it
may also refer to the openness of environment or processes.

Both technology-enhanced learning and open education are related to educa-
tional science. The era of information technology and the Web has inspired
and facilitated a broader discussion about learning theories. For instance,
Paavola, Lipponen, and Hakkarainen (2004) have proposed that there are
three main metaphors to describe the genesis of new knowledge — acquisition,
participation, and knowledge-creation. The acquisition approach, under-
standing the mind as a kind of container that can be filled with new
knowledge, has been historically the most prominent one. The participation
view sees learning as a process of participation in various cultural practices
and shared activities. Design cases presented in this dissertation follow the
knowledge-creation approach that emphasizes the importance of collective
knowledge creation through developing shared objects of activity. This ap-
proach is in line with the basic principles of open education because it puts
learners in the active role of creators and encourages sharing. There are a
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number of pedagogical models that can be associated with the knowledge-
creation approach. From these, the progressive inquiry (Muukkonen,
Hakkarainen, & Lakkala, 2004) pedagogical model is most closely related to
my work. In the open education field there is a trend of making learning more
personal by using personal technologies and giving more control to the learn-
er. In the TEL field, this approach is known as the personal learning environ-
ment (PLE) (Attwell, 2007). Both open educational resources and personal
learning environments are associated with blurring the borders between for-
mal and informal learning (Hylén, 2008; Pefia-Lopez, 2013).

The rise of Web 2.0 (O'Reilly, 2005) and personal mobile technologies has
changed traditional software design paradigms. Instead of complex and fea-
ture-rich monolithic software systems we see lightweight web and mobile ap-
plications that are focused on a few key features. Each user can compile a pre-
ferred set of tools from a large number of available applications. This means
that different applications must be able to communicate and exchange data
between each other. Often an ecosystem metaphor is used when talking about
this kind of complex digital systems. Several authors have pointed out that
considering the similarities between natural and digital systems we could use
the term digital ecosystems (Briscoe & De Wilde, 2006; Chang & West, 2006).
Briscoe and De Wilde (2009) define digital ecosystems as “distributed adap-
tive open socio-technical systems, with properties of self-organisation, scala-
bility and sustainability, inspired by natural ecosystems”. The emerging inter-
est towards digital ecosystems has lead to the discussions that technology-
enhanced learning could benefit from digital ecosystems approach (Uden,
Wangsa, & Damiani, 2007; Giitl & Chang, 2008). Also, the open education
community, both researchers and practitioners have started discussing about
open education as an ecosystem. One of the first attempts to map the open
education as an ecosystem took place at iCommons Summit 2007 (Schmidt &
Surman, 2007). Brown and Adler (2008) are writing about the emergence of
open participatory learning ecosystems. A number of authors are discussing
about OER ecosystem (Mackintosh, 2012; McAndrew & Farrow, 2013; Yuan,
Robertson, Campbell, & Pegler, 2010). However, often the word ecosystem is
used just as a metaphor without connecting it to the digital ecosystems studies.
This dissertation approaches the design of online learning tools for open edu-
cation from the perspective of the digital ecosystems. Online learning tools
designed in this study cover different aspects of open education and can be
combined in multiple ways with other learning tools. Design decisions have
been influenced by other components of the ecosystem such as existing soft-
ware tools and various regulations (technical specifications, intellectual prop-
erty licensing schemes, etc).

Methodologically, this dissertation belongs to the field of design research. In
its broadest sense, design can be described as planning and giving form to new
products. Traditionally, design has been a field of practice, but in recent dec-
ades a school of design research has emerged. In design research, challenges
are addressed through practice. When design researchers actually construct
something, they will inevitably discover problems and details that would oth-
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erwise remain unnoticed. My dissertation can be categorized as constructive
design research (Koskinen, Zimmerman, Binder, Redstrom, & Wensveen,
2011) in which concepts, scenarios, mockups and actual software prototypes
are constructed. In software design this dissertation focuses on interaction
design. It is a design field that deals with defining the structure and behavior
of interactive systems. This study follows the participatory design approaches
(Ehn, 1992) to involve users as co-designers in the design process. Engaging
users and other stakeholders in the design process raises a need for common
language that is equally understood by all partners. For this purpose, scenarios
(Carroll, 2000) and design patterns (Alexander, 1979) are developed in this
study.

The key concept of my dissertation is the open education ecosystem (OEE).
Although this concept has been used by other scholars (Lesko, 2013; Mackin-
tosh, 2012; Schmidt, Geith, Héklev, & Thierstein, 2009), there is no estab-
lished definition. Related concepts will be discussed and a definition will be
proposed in Section 2.3.3 in the theoretical framework of this dissertation. The
focus of this study lies at the intersection of technology-enhanced learning,
open education and digital ecosystems. Design has provided the methodology
and practices for this study.

1.2 Defining the Problem Area

The constantly changing socio-technical environment sets new challenges for
designing online learning services and tools. Openness, the use of social me-
dia, and personalization of learning experiences are among the recent trends
in school and higher education. Learners and teachers find creative ways to
use a large variety of online tools for learning purposes, although many of the-
se tools have not been specifically designed for education. Many of these Web
2.0 tools are under constant development. This raises new kinds of technical
issues such as coordinating and following the learning activities, exchanging
data between the tools, archiving the outcomes, etc. Diversity and evolvement
of technology are just some of the variables in the open education ecosystem.
Openness introduces several new issues such as copyright licensing, business
models, privacy and control. The changes also require new pedagogical ap-
proaches. For example, a recent challenges for education are the so-called
Massive Open Online Courses (MOOCs) that can have thousands of partici-
pants.

It is clear that online learning tools for such an evolving and self-organizing
ecosystem cannot be completely predesigned. Design problems are often wick-
ed problems that have no definitive formulation (Rittel & Webber, 1973).
Wicked problems have incomplete, contradictory, and changing requirements
that are difficult to identify beforehand. In that sense designing learning ser-
vices and tools for open education is a wicked problem. Online learning tools
have to be designed open and flexible enough, so that users could repurpose
and combine them with other tools during the use. Learning tools built for
open education have a certain effect also on the whole open education ecosys-
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tem. It is a challenge to build tools that respect the ecosystem and its inhabit-
ants, not break its internal relationships.

Based on the discussion above, a major problem area in this study is that de-
signing online learning tools for the open education ecosystem involves uncer-
tain requirements and has to contemplate the influences on and by the stake-
holders and other components of the ecosystem.

1.3 Aims of the Study

This study has two main aims. The first aim is to develop new knowledge con-
cerning the potentially needed structure and components of the open educa-
tion ecosystem. The majority of the authors who have used the “open educa-
tion ecosystem” concept have stayed on the metaphorical and theoretical level.
Exhaustive studies concerning open educational resources have been carried
out (Atkins, Brown, & Hammond, 2007; Geser, 2007; OECD, 2007; Tuomi,
2006), but these focus only on the learning content aspect of the ecosystem. A
better understanding about open education as a digital ecosystem would bene-
fit educators, researchers, designers, policy makers, and other stakeholders in
the field of open education.

The second aim of this study is to provide research-based insights into de-
signing online learning services and tools for open education. To achieve this
aim it is important to map the various technical, pedagogical and social design
challenges related to the open education ecosystem. These design challenges
are studied through five design projects that focus on different aspects of open
education. Together with the design challenges this study aims to provide a
number of recommended design patterns for open education.

1.4 Design Cases

This dissertation explores the possibilities of supporting open education
through five design cases that are presented in the chronological order of de-
signing them. The design cases are:

1. PILOT — multimedia learning resource template;

2. LeMill — web community for authoring and sharing of open educa-

tional resources;

3. EduFeedr — coordination tool for blog-based online courses;

4. LeContract — learning contract planning tool;

5. DigiMina — self- and peer-assessment tool.

First two design cases (PILOT and LeMill) are related to open educational
resources. These studies were carried out in the context of school education in
European countries. The third and the fourth design case (EduFeedr and Le-
Contract) focus on open online courses. These were designed in the context of
higher education and teacher training in Estonia. The final design case
DigiMina is a designed for the assessment of educational technology compe-
tencies for Estonian teachers.
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Introduction

1.5 Research Questions

This dissertation is seeking answers for the following research questions:

Q1: What are the main design challenges related to the open education eco-
system?

Due to the very nature of wicked problems, part of the design challenges are
revealed only during the design process, and in actual use. This study maps the
design challenges that we have tackled in the design cases included in this dis-
sertation. While these cases focus on designing online learning tools, similar
design challenges may be relevant when designing learning scenarios or ser-
vices for open education. However, due to the evolving nature of the open edu-
cation ecosystem, this study cannot provide a complete set of design challeng-
es.

Q2: What are the design patterns used in designing online learning tools and
services for the open education ecosystem?

General recommendations for designing online learning tools for the open
education ecosystem are provided in a form of design patterns. Design pat-
terns are recurring solutions to common design challenges. The use of design
patterns originates from architecture (Alexander, Ishikawa, & Silverstein,
1977), but design patterns have been successfully used also in several other
fields such as software engineering, human-computer interaction and technol-
ogy-enhanced learning. Design patterns recommended in this dissertation
cover the main components of the open education ecosystem.

Q3: What kind of structure and components are needed to create the open
education ecosystem?

As the “open education ecosystem” is a relatively new concept, there are a
number of different interpretations. This study attempts to explore the open
education ecosystem from the design perspective to determine what kind of
structure and components are needed and how they should be integrated to
create the open education ecosystem.

1.6 The Structure of the Dissertation

The dissertation is divided into seven chapters. In this chapter I have intro-
duced the research context, the problem area, the aims of the study, and the
research questions. Chapter 2 will give a theoretical foundation through litera-
ture review of four related research areas. Chapter 3 discusses the research
design and methodology. Chapter 4 gives an overview of the five publications
included in this dissertation. Chapter 5 presents five design projects of online
services and learning tools that have been carried out during the study. Chap-
ter 6 discusses the results and findings from the publications and design pro-
jects that form the basis of this study. Chapter 7 finally discusses the implica-
tions of the study and provides directions for future research.
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2. Theoretical Framework and Key Con-
cepts

This chapter discusses the theoretical background and clarifies the key con-
cepts of the thesis. The first section of the chapter provides a brief history of
using computers in education and explains some of the tools and technologies
that are important for understanding the design cases on which the arguments
in the thesis are built on. The second section discusses various perspectives
related to open education, such as open educational resources, open and per-
sonal learning environments, open online courses, and open assessment. The
third section presents the concept of digital ecosystems and aims to draw par-
allels between open education and digital ecosystems. The theoretical frame-
work chapter ends with a section on designing online learning tools. The peda-
gogical principles underlying the design are embedded to sections discussing
technology-enhanced learning, open education, and digital learning ecosys-
tems. This chapter aims to enlighten the reader in the field of research in gen-
eral and to locate the design cases included in the wider context.

2.1 Historical Perspective: Five Generations of Computers in Ed-
ucation

The history of computers in education is relatively brief. This dissertation
omits the earlier developments such as the mechanical teaching machines by
Sidney Pressey (in 1920s) and B. F. Skinner (in 1950s) (Benjamin, 1988), and
focuses on the use of digital computers for learning. The first notable research
initiatives of using computers in education date back to the early 1960s. Ni-
cholson (2007) highlights Patrick Suppes at the Stanford University and Don-
ald L. Bitzer at the University of Illinois as the most important early pioneers
in the field that eventually became referred to as computer-assisted instruc-
tion (CAI).

Several authors have compared different paradigms of using computers in
education, taking either the technological (Leinonen, 2010; Nicholson, 2007)
or pedagogical perspective (Anderson & Dron, 2011). Jones (2011) has taken a
narrower perspective by comparing the main paradigms of e-learning in high-
er education. From these comparisons, it is possible to distinguish five genera-
tions of using computers in education (see Table 1).
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Table 1. Five generations of using computers in education (adapted from Anderson & Dron,

2011; Jones, 2011; Leinonen, 2010; Nicholson, 2007).

Era Focus Learning technolo- Learning activities
gies
1959-1985 Computer assisted Personal computers, Drill and practice
instruction intelligent tutoring exercises, program-
systems, artificial ming
intelligence, pro-
gramming tools
1985-1993 Computer-based Educational desktop Reading, drill and
training software, multimedia practice exercises,
CD-ROMs educational games
1993-1998 Web-based training Web sites, e-mail, Reading, writing,
discussion forums, discussing, testing
chat
1998-2005 E-learning Learning management | Discussing, creating,
systems, learning constructing
objects and reposito-
ries, computer-based
assessment tools,
video conferencing
2005-... Technology-enhanced | Web 2.0, social soft- Exploring, connecting,
learning ware, personal learn- creating, evaluating,
ing environments, planning personal
mobile devices, e- learning, reflecting
textbooks, interactive
whiteboards, open
educational re-
sources, massive
open online courses,
learning analytics

The beginning of each generation may be connected to an important turning
point in the history of computing. It is, however, important to note that this is
only one possible way of summarizing the history of computers in education.
Each new paradigm has developed in a progressive manner on top of the earli-
er ones. The earlier paradigms have also stayed alive, although the main focus
of research has shifted (Leinonen, 2010, p. 12). Reasons behind these para-
digm shifts can also be related to science and education politics, for example
the shift of focus from e-learning to technology-enhanced learning in the Eu-
ropean context. These five generations of using computers in education are
discussed in more detail in the following sections.

2.1.1  Computer Assisted Instruction

The first computer-assisted instruction systems were based on mainframe
computers. The PLATO system, developed since 1959 at the University of Illi-
nois, allowed teachers to prepare educational content and students to interact
with that content (Alpert & Bitzer, 1970). Another early CAI system, developed
since 1963 at the Stanford University, had a focus on drill-and-practice exer-
cises for teaching mathematics and logic (Suppes, 1971).

Although these systems were limited by the existing technological con-
straints, initiators of both systems had a wider perspective on the use of com-
puters in education. Suppes (1966) emphasized that computers had the poten-
tial to become an individual tutor that provided personalized instruction for
each learner. Authors of the PLATO system, on the other hand, were critical
about drill-and-practice exercises. They argued that the use of computers
should allow for advanced learning strategies that involved student-controlled
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learning and supported the development of critical thinking (Alpert & Bitzer,
1970).

The focus of early CAI systems was on automating the teaching process. One
of the most prominent critics of that approach was Seymour Papert, who envi-
sioned that computers could be used “not in the form of machines for pro-
cessing children, but as something the child himself will learn to manipulate,
to extend, to apply to projects” (Papert, 1972). In late 1960s, Papert developed
the Logo programming language that was widely used in schools in the United
States and elsewhere.

Although the first initiatives were from 1960s, the era of computer-assisted
instruction really took off in the mid-1970s with the introduction of personal
computers. The main category of educational software developed at that time
was the intelligent tutoring systems. The aim of these systems was to provide
instruction and automatic feedback to drill and practice exercises without in-
tervention from a teacher (Merrill, Reiser, Ranney, & Trafton, 1992).

In 1970s, the development of technology allowed researchers to focus on the
media aspects of computing. Alan Kay and Adele Goldberg criticized the exist-
ing hardware and software. While it was successful from the computer science
research standpoint, they pointed out that it lacked expressive power in order
to make it useful for ordinary users. They envisioned the design idea of a per-
sonal media device named Dynabook and developed a related programming
language, SmallTalk. Both of these were designed with education and creative
tasks in mind. The SmallTalk language allowed the creation of software for
drawing, animating pictures and generating music (Kay & Goldberg, 1977).

2.1.2 Computer-Based Training

By the mid-1980s a number of important innovations in computing reached
the mass market. In 1984 Apple released the Macintosh computer that became
the first commercially successful implementation of a window-based graphical
user interface. Graphical user interface and availability of simple software for
word processing, drawing and other common tasks made computers much
more accessible for the general audience. One of the noteworthy applications
from that period was HyperCard, that enabled non-programmers to create
hypermedia content. It was widely used for educational purposes in late 1980s
and 1990s. Constant advancements in processing power, storage space and
multimedia capabilities led the way to the inclusion of CD-ROM drives in early
1990s. These possibilities were used for developing interactive multimedia-
based courseware (Park & Hannafin, 1993) that was distributed on floppy
disks and later on CD-ROM’s. Multimedia-based courseware offered a wider
variety of learning activities than the previous generation of educational soft-
ware and it became common to provide audio and video content, animations,
interactive simulations, and educational games. This era is commonly referred
to as computer-based training (Sims, 1988).
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2.1.3 Web-Based Training

Another important turning point for learning technologies was the invention
of the World Wide Web (WWW) by Tim Berners-Lee (Berners-Lee, Cailliau,
Groff, & Pollermann, 1992). The technical architecture of the World Wide Web
attempted to solve a number of issues that were present in earlier hypertext
systems due to the lack of a common naming scheme for documents, common
network access protocols and common data formats for hypertext. From the
beginning, two underlying principles for the Web have been universality and
decentralization. Subsequently, it has become important to emphasize these
principles by talking about the open Web (Berners-Lee, 2010). Universality
means that any web page can be linked to by using a unique address. Decen-
tralization allows anybody who follows three basic web protocols to add a web
page or create a link. These basic web protocols include HTML (HyperText
Markup Language) for writing web pages, URI (Uniform resource identifier)
for naming the documents and HTTP (Hypertext Transfer Protocol) for serv-
ing the web pages.

The WWW started to gain popularity around 1993 when the underlying
technology was released to public domain. Although other Internet technolo-
gies such as e-mail were used to supplement courses already in 1970s (Hara-
sim, 2000), it was the Web that made it possible to radically improve access to
learning with the Internet. Initially the Web was used mainly in higher educa-
tion, where teachers and professors were creating simple static web pages for
publishing their course materials and sharing their browser bookmarks. The
development of server-side technologies allowed the addition of interactive
features such as discussion forums and chat. A common early implementation
of using the Web in a university course was to provide students readings, guid-
ing them to search information, to communicate with the teachers and other
student over discussion forums and chat, and asking them to send their as-
signments to teachers over the Web or email. The simplicity of HTML lan-
guage allowed also students to create their own web pages. However, the early
Web had very limited multimedia and interactivity capabilities. First studies
on the use of the Web for teaching and learning showed better access to up-to-
date information, greater student input into their own learning process and a
more individual approach to learning and assessment (Sloane, 1997). This era
of initial experiments using the Web for learning purposes is known as web-
based training.

2.1.4 E-learning

Innovative educators who recognized the new possibilities presented by the
World Wide Web initially started developing web-based training systems. One
of such initiatives was the WebCT system developed in the computer science
department at the University of British Columbia (Goldberg, 1997). Positive
reactions to these first experiments led many universities to explore how the
Web could be used for providing distant education and support for traditional
courses at the institutional level. By the end of the 1990s, a number of univer-
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sities had started developing special web platforms that supported and man-
aged online learning. This coincided with the start of the “dot.com” boom, in
which companies had high economic expectations of using the Web in all kind
of areas, including education. This era of hopes, hypes and rapid development
of online learning technologies is most commonly referred to as the e-learning
era. Both universities and companies had developed high expectations regard-
ing e-learning: it was believed that with e-learning it would be possible to pro-
vide consistent training, reduce delivery time and information overload, in-
crease learner convenience, improve tracking of learning progress and lower
expenses (Welsh, Wanberg, Brown, & Simmering, 2003).

The end of the 1990s and the beginning of the 2000s was a very active period
both for the development of e-learning technologies and for the advancement
of pedagogical practices. Some of the important technologies developed in that
era include learning management systems (LMS), learning objects, learning
object repositories, computer-based assessment tools, and video-conferencing
tools. In parallel with the development of learning platforms, active work was
being carried on with the underlying learning technology specifications and
standards, that dealt with metadata, content packaging and other interopera-
bility issues.

These technological advancements also caused changes in the pedagogical
practices. While delivery of rich content, discussions and computer-based as-
sessment were dominant it was also common practice to provide activities with
which learners could construct new knowledge (Rubens, Emans, Leinonen,
Skarmeta, & Simons, 2005; Stahl, 2000).

2.1.5 Technology-Enhanced Learning

The most recent important paradigm shift in learning technologies took place
around 2005. On one hand it was related to the technical developments that
led to new discussion about the impact of Web 2.0 (O'Reilly, 2005), social
software (Shirky, 2003) and advances in the mobile technologies of teaching
and learning (Sharples, Taylor, & Vavoula, 2005). On the other hand and in
parallel with the technical developments there was also a growing dissatisfac-
tion with the dominant pedagogical practices in e-learning (Downes, 2005;
Friesen, 2004; Laanpere, Poldoja, & Kikkas, 2004). Chan et al. (2006) refer to
this new phase in the evolution of learning technologies as technology-
enhanced learning. While e-learning had a focus on institutional technologies,
TEL can be characterized by the use of personal web technologies and one-to-
one computing where each learner has at least one portable computing device.
The use of social software and personal learning environments that are con-
trolled by the learner was seen as an alternative to learning management sys-
tems (Klamma et al., 2007; Wilson et al., 2007). The research on learning con-
tent has shifted from learning objects to open educational resources (D'Antoni,
2009; Duval, Verbert, & Klerkx, 2011) and e-textbooks (Sun, Flores, & Tangu-
ma, 2012). Some of the recent research trends in TEL include massive open
online courses (Kop, Fournier, & Mak, 2011) and learning analytics (Siemens,
2012). The shift towards personalization has enriched the pedagogical practic-
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es used in the era of TEL. Common pedagogical practices include exploring,
connecting, creating and evaluating. The use of personal learning environ-
ments is strongly connected to self-directed learning where learners plan their
personal learning goals and reflect on their process and outcomes.

2.2 Open Education

Openness in education is related to a number of aspects such as free and open
access to learning resources and courses, open architecture of physical and
virtual learning spaces, open approaches to designing learning activities and
assessing learning outcomes. The following sections will introduce the histori-
cal background of the open education movement and different aspects of
openness in education.

2.2.1 The Historical and Philosophical Background of Open Education

Providing free and open access to education is not a new idea. Openness and
sharing of knowledge lie in the essence of academic culture. This section will
shed light on some of the earlier movements that are have influenced the de-
velopment of the open education movement, such as the public libraries and
library movement, free adult education, distance education and open universi-
ties, the open classroom movement, hacker culture and free software move-
ment.

During the fifteenth century, when the printing press was invented, libraries
were typically connected to some religious or academic institution and not
open to the general public. Although the earliest notes about public libraries
date back to 1464 in Bristol (Orme, 1978), the public library movement really
took off in 1850s. According to Black (1997), the first public libraries of that
era were developed in the industrial towns and targeted for “good citizens and
skilled workers”. By the time of the First World War there was a well-
established structure of public libraries in the cities of the United Kingdom.
Black (1997) notes that both the poor and the middle class groups of people
equally used public libraries. Other Western countries followed the public li-
brary movement in the United Kingdom.

While the public library movement enabled anybody to have basic access to
information, it was soon seen that there is also a need for flexible learning ar-
rangements that are accessible specifically for adults. One of the first examples
of free adult education is the folk high school movement in the Nordic coun-
tries (Toiviainen, 1995). The first folk high school was established in 1844 by
the Danish pastor, poet and philosopher N. F. S. Grundtvig. The aim of the folk
high schools was to provide popular education for peasants and other people
who did not have good access to the formal higher education. The schools were
typically founded by the educated people who wanted to contribute to the de-
velopment of the local community. The folk high school movement spread
from Denmark to Sweden, Finland and several other countries where it was
financially supported by the government.
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Folk high schools opened up education for new groups but still required
physical presence from the learners. By the end of the nineteenth century, a
number of large universities started offering some courses as correspondence
courses in which printed course materials were sent out using the postal ser-
vice. Sumner (2000) differentiates between three generations of distance edu-
cation. The first generation of distance education, correspondence courses,
had mostly one-way communication, since the feedback via the postal service
was slow. The second generation of distance education started using new tech-
nologies such as broadcast media, cassettes and some limited two-way com-
munication. This also led to the establishment of special distance education
universities. For example, The Open University (United Kingdom) was estab-
lished in 1969 and the Athabasca University (Canada) in 1970.

The third generation of distance education is based on computers and the
Web. The open universities still play an important role both in offering dis-
tance education courses and in doing research on distance education technolo-
gies. Also, all major universities today are providing distance education cours-
es over the Web. However, courses provided by the open universities are typi-
cally not free and the enrollment fee may be a barrier for some learners.

Simultaneously with the establishment of open universities, there was also a
movement to change the teaching and learning practices in schools towards
greater openness and learner-centeredness. The open classroom movement
originated from British schools but gained momentum in the United States
between the late 1960s and late 1970s (Cuban, 2004). The open classroom
movement tried to change both the teaching practices and the physical setup
of the learning spaces. It promoted group work over whole-class lessons,
blending of different subjects and discovery of new knowledge by the learners
themselves. The classrooms were rearranged to have different group work are-
as instead of rows of desks. The open classroom movement is important in the
context of this dissertation, since it had a wider perspective on openness in
education. While earlier movements focused on providing free or improved
access to education, the open classroom movement aimed to change the edu-
cational practices and the learning environment. However, the peak of the
open classroom movement did not last for a long time. Cuban (2004) sees
changes in American public opinion as a reason for the quick rise and decline
of the open classroom movement. In the 1960s people felt a need for greater
creativity in order to compete with the Soviet Union, while in the 1970s the
society was divided because of the Vietnam War and became worried that the
academic standards of schools had declined.

Some thinkers of that period were questioning the need for a school as an in-
stitution at all. The most radical critic of the educational system was an Austri-
an philosopher Ivan Illich who gained attention with his book “Deschooling
Society” (Illich, 1971/2011). Illich argued that a good educational system
should have the following three purposes: “it should provide all who want to
learn with access to available resources at any time in their lives; empower all
who want to share what they know to find those who want to learn it from
them; and, finally, furnish all who want to present an issue to the public with
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the opportunity to make their challenge known.” He proposed the idea of
“learning webs” that would consist of four types of networks (Illich, 1971/2011,
p. 78-79):
» reference services to educational objects;
¢ skill exchange networks for people who are willing to share their ex-
perience with others;
* peer-matching networks for finding other learners interested in the
same topic;
» reference services to educators.

The open education movement is also influenced by the hacker culture that
emerged in the 1960s in computer science departments where skilled students
and staff tried to use the power of computing in new ways. Himanen (2001)
discusses hackers’ ethical understandings and concludes that for hackers, so-
cial motivations such as being part of a community and getting recognition for
their contribution were more important than direct monetary benefit. There-
fore, a lot of hackers were critical of the commercialization of software that
made the software less affordable and limited possibilities to make modifica-
tions to the software.

The free software movement and the Free Software Foundation established
by Richard Stallman in 1985 focuses on promoting universal freedoms related
to creating, using, modifying and distributing the software. In 1998, the Open
Source Initiative was established and a more business-friendly concept of open
source software was taken into use. These two movements are often referred
to together as free/libre/open-source software.

The hacker culture lead to a number of technical, sociocultural and legal in-
novations such as developing various competing versions of the software from
the same code, using collaboration-based authoring models and releasing
software under open licenses (Lin, 2007). Although hacker culture is mainly
associated with free software, hackers also valued free access to knowledge. A
good example is the Project Gutenberg' that was started in 1971 by Michael
Hart at the University of Illinois (Hart, 1992). Hart used his access to a main-
frame computer to set up a public archive of electronic books that were no
longer under copyright. Project Gutenberg now hosts a collection of over
50,000 free e-books and can be seen as one of the inspirations for the open
educational resources movement.

Since early 2000s there has emerged a number of loosely connected open
movements and communities that all together form the free culture movement
(Fuster Morell, 2011). In addition to the open education movement, these in-
clude movements and communities interested in open source, open data, open
access, open science, open knowledge, and open policies. All of these move-
ments share a common set of values and act independently and together to
influence the authorities to reform the current intellectual property regime.
The following sections will introduce the main initiatives of the open education
movement.

! http://www.gutenberg.org
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2.2.2 Open Educational Resources

While the main focus of learning objects research in the 1990s was on develop-
ing infrastructure for sharing and reuse of content (repositories, metadata
specifications), some researchers also turned their attention to copyright is-
sues that hindered the large scale reuse of learning objects. In 1998 David
Wiley introduced the idea of open content and released the first OpenContent
License2. According to Wiley and Gurrell (2009), “open content was an at-
tempt to apply the pragmatic arguments made in favour of open source soft-
ware to educational materials and other content, including scholarly research,
music, literature and art.”

In 2001 Lawrence Lessig and other open content activists founded Creative
Commons. This organization created a set Creative Commons (CC) licenses
that are used worldwide for sharing and remixing open content. There are six
main licenses that allow authors to reserve a different extent of rights. For ex-
ample, some CC licenses allow commercial use and some do not. While the CC
licenses have provided a flexible framework for sharing open content, there are
also issues such as license incompatibility and the unnecessary use of non-
commercial restriction (Keats, 2006).

In 2002 UNESCO organized a meeting to discuss the recent developments
related to free and open sharing of educational content. The participants of the
meeting decided to use a term open educational resources to refer to educa-
tional resources that are free for use and adaptation (UNESCO, 2002). During
the years a number of definitions have been proposed for OER (Gurell, 2008,
p- 2; OECD, 2007, p. 30; Schaffert & Geser, 2008; UNESCO, 2002, p. 24;
UNESCO, 2012; The William and Flora Hewlett Foundation, n.d.). This disser-
tation follows the latest definition from the UNESCO Paris 2012 OER Declara-
tion which defines OER as “teaching, learning and research materials in any
medium, digital or otherwise, that reside in the public domain or have been
released under an open license that permits no-cost access, use, adaptation
and redistribution by others with no or limited restrictions” (UNESCO, 2012).

David Wiley has attempted to define OER’s through the rights that are
granted for the user. Initially the framework included four ‘R’s of openness
(Hilton, Wiley, Stein, & Johnson, 2010), later it was extended to include five
‘R’s (Wiley, 2014): retain, reuse, revise, remix, redistribute. These five R’s
should give the authors and users control over creating and using open educa-
tional resources. Wiley defined “reuse” as the most basic level of openness that
allows anybody to use content in an unaltered way. “Revising” enables people
to modify the content and “remixing” involves combining two or more re-
sources. “Redistributing” covers the right to share copies of the original, re-
vised and remixed versions. “Retaining” access to the content was added to the
framework in 2014 since many online services make it difficult for authors and
users to have a complete control over their content.

Common types of OER online initiatives include databases of full set of ma-
terials for a specific courses (also known as OpenCourseWare initiatives), re-

2 http://web.archive.org/web/20140709203845/http://www.opencontent.org/opl.shtml
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positories of individual OER’s, and referatories that link to the OER’s that are
hosted elsewhere. Connexions3 (now called OpenStax CNX) was one of the
first OER repositories (established in 1999) that allowed users to create web-
based content and provided limited features for collaborative authoring. MIT
OpenCourseWare# (established in 2002) provides complete sets of course ma-
terials with learning resources, assignments, recommended readings, syllabus,
and also in some cases, recorded video lectures. Other well-known initiatives
include Currikis repository (established in 2006) and OER Commons® that
contains both a referatory and an authoring tool (established in 2007). Wik-
iEducator” and Wikiversity® (both established in 2006) are attempts to use
wiki as a collaboration platform for creating open educational resources, and
Wikimedia Commons? is a repository of digital media for learning purposes.

A number of challenges for large-scale adoption of open educational re-
sources can be identified from literature (Atkins et al., 2007; Browne, Holding,
Howell, & Rodway-Dyer, 2010) and the experience of existing OER initiatives.
These challenges are related to authoring, quality, legal issues, awareness, and
sustainability of OER’s. Regarding the authoring, OER’s can be created either
by institutions or by individuals. Weller (2010) refers to these as big (institu-
tionally created) and little (individually created) OER’s. Furthermore, it is pos-
sible to have peer-produced and individually created resources. However, the
OER community lacks extensive examples of peer production such as Wikipe-
dia. Collaborative features and processes of authoring tools have been found as
critical issues for supporting the co-authoring of OER’s (Petrides, Nguyen,
Jimes, & Karaglani, 2008). There is also an issue of motivating educators to
publish their existing resources as OER’s. Creating learning resources by indi-
viduals and through peer production raises the question of quality. Camilleri,
Ehlers, and Pawlowski (2014) see quality of OER’s as a confluence of efficacy,
impact, availability, accuracy, and excellence. On the one hand, it is challeng-
ing to incorporate quality assurance mechanisms into the peer production
process without complicating the workflow. On the other hand, there is also
the possibility of identifying high quality resources during the use time
through learning analytics and social recommendations. A group of challenges
is related to legal issues such as license incompatibility, checking for potential
copyright infringements, and limited understanding of copyright principles
among the educators. There is also a greater need to raise the awareness of
learners, educators and policy makers about open educational resources. Fi-
nally, there is the challenge of sustainability. This is an issue both at the re-
source level where authors may neglect updating the resource and at the initia-
tive level where a lack of funding may threaten the sustainability.

® http://cnx.org

* http://ocw.mit.edu

® http://www.curriki.org

® http://www.oercommons.org

" http://wikieducator.org

8 http://www.wikiversity.org

o http://commons.wikimedia.org
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2.2.3 Open and Personal Learning Environments

The initial focus of the open education movement was on making the learning
resources openly available. However, learning content plays only a partial role
in the learning process. With the growing interest in social software (Shirky,
2003) and Web 2.0 (O’Reilly, 2005) researchers and practitioners in education
have started to reconsider more and more the practices of teaching and learn-
ing in the context of using the Internet. Blogs and wikis were seen as especially
promising social software tools for learning (Augar, Raitman, & Zhou, 2004;
Williams & Jacobs, 2004).

The growing use of social software in learning highlighted the pedagogical
limitations of many learning management systems. LMS’s were criticized be-
cause their design was often based on a simplistic understanding of teaching
and learning (Coates, James, & Baldwin, 2005; Dalsgaard, 2006). In LMS, all
the tools necessary for running the course were integrated into one stand-
alone system. While this approach had certain benefits for managing the
courses (course descriptions, student enrollment, course schedules, statistics
about student activity, etc.), it also had important limitations by enforcing cer-
tain pedagogical practices. Often, the focus was on presenting sequenced con-
tent and providing simple assessment tests that can be automatically correct-
ed. The social features of LMS’s were typically limited to discussion forums.
According to Dalsgaard (2006), learning management systems do not effec-
tively support social constructivist learning in which learners take a higher
responsibility in governing their learning and collaborative activities with oth-
er learners. For those kinds of learning scenarios, combining a set of social
software tools that support the needs of specific learning activities would be a
more flexible solution rather than using an LMS that provides a fixed structure
for learning activities.

Wilson et al. (2007) proposed personal learning environments as an alterna-
tive design to the learning management systems. They described PLE as an
open system where the focus is on coordinating connections between the user
and services instead of integrating tools and data into a single system. This
kind of learning environment would have symmetric relationships between
users and does not position the teacher at the center. Technically, PLE’s rely
on open Internet standards and lightweight application programming inter-
faces (APIs) instead of complex e-learning standards. Regarding the learning
content, PLE’s would use open content and encourage remix culture. PLE’s
would have a personal and global scope instead of organizational scope that is
typical for LMS’s.

While a set of connected social software tools make up an important part of
the PLE, the concept is wider than just a collection of software tools. Johnson
and Liber (2008, p. 3) argue that personal learning environments could lead to
“a learner-driven model of education, where the traditional provider-centric
role of institutions is challenged.” Valjataga and Laanpere (2010) see PLE’s as
a way to give a higher degree of control to learners over their learning process.
They propose, that learners should not only be able to select tools for their
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PLE, but also set their personal learning goals, decide on the required re-
sources, learning strategies, and criteria for evaluating the learning outcomes.

In the context of open education, an important characteristic of personal
learning environments is openness. When discussing the openness of learning
environments and the Web in general, several authors have used the walled
garden metaphor (Anderson & Wolff, 2010; Berners-Lee, 2010; Mott & Wiley,
2009). In a typical LMS, each course can be seen as a walled garden. Students
need to be enrolled to access the course, there is little or no knowledge sharing
between the courses and with the open Web. PLE’s are based on social soft-
ware tools where the communication and activities are often visible for every-
body. However, the use of social software and Web 2.0 tools does not neces-
sary guarantee openness. Large social networking sites have also become
walled gardens that isolate the information posted by their users from the
open Web. They break the principle of universality of the open Web, since of-
ten it is not possible to link to a specific piece of information in the social net-
working site.

Although the openness of learning environments raises some privacy con-
cerns (Weippl & Ebner, 2008), there are a number of undeniable benefits.
McLoughlin and Lee (2007) see the possibility to connect to other people any-
where in the world, collaborative information discovery and sharing, collabo-
rative content creation, and the possibility of aggregating information, as the
main benefits provided by the open nature of social software. Several authors
have also used the concept of open learning environments (Baker & Surry,
2013; Conde, Garcia, Casany, & Alier, 2010). Baker & Surry (2013, p. 190) de-
fine the open learning environment as “an organic open system that is com-
prised of a variety of unique components found in the environment, the in-
structor, and the student.” They argue that open learning environments could
be used for opening up traditional education models, providing space for fo-
cusing on specific topics, and creating new alternative education models.

2.2.4 Open Online Courses

One way to challenge traditional education models is to use open learning en-
vironments to enable anybody to take part in formal higher education courses.
In the fall of 2007, David Wiley was conducting the Introduction to Open Edu-
cation® undergraduate course at the Utah State University. Wiley decided to
experiment by allowing anybody who was interested in the topic to enroll to
the course free of charge. The only requirement was to have a blog for posting
the weekly assignments. Enrollment to the course was simply handled by a
wiki page where people added their blog addresses. The course was offered in
three different ways: for-credit, non-credit, and informal. For-credit partici-
pants had to agree with a professor in their home university to receive credits
for the completion of the course. Non-credit students participated in the
course without grading but were able to receive a certificate of completion in

10

http://web.archive.org/web/20071215133745/http://opencontent.org/wiki/index.php?title=Intro_Open_Ed_
Syllabus
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the end. Informal participants attended the course completely on their own.
All together, about 50 participants enrolled to the course (Fini et al., 2008).

For the spring term in 2008, this format was developed further separately by
Alec Couros (Couros, 2010) and Teemu Leinonen (Leinonen, Vadén, & Su-
oranta, 2009). Couros, who was giving the EC&I 831: Social Media & Open
Education” course at the University of Regina, identified that in these kind of
open courses it is critical to support the development of the participants’ per-
sonal learning networks. In order to do that, he introduced collaborative as-
signments in addition to individual blogging and synchronous sessions to
build group identity. Leinonen, who was organizing the Composing free and
open online educational resources™ online course at the University of Art and
Design Helsinki3, used Wikiversity as a platform for developing and running
the course. He encouraged the course participants to already have the course
content, program and assignments co-edited prior to the start of the course.
The author of this dissertation acted as a co-facilitator in Leinonen’s course.

These first open online courses provided some insights both on the possibili-
ties and limitations of blog-based open online courses. The genre of blog-based
open online courses includes the teacher writing assignments to the wiki or
course blog and students writing responses to these assignments in their per-
sonal blogs. Students obtain a wider perspective on the topic by reading and
commenting on each other’s blog posts. Blogs provide a simple way of opening
up course participation and the learning environment for informal partici-
pants. Use of blogs has a number of pedagogical benefits such as motivating
learners, fostering collaboration, enabling learners to get feedback to their
ideas from peers, and enhancing critical thinking (Goktas & Demirel, 2012).
However, the simple structure of a central wiki, course blog and personal blogs
was not scalable for a large number of participants. Activities such as manag-
ing the lists of active participants and submitted assignments required extra
work from the facilitator. Also, the discussions taking place in the comments
were fragmented between the different blogs (Efimova & de Moor, 2005;
P6ldoja, Duval, & Leinonen, 2016).

An open online course with a large number of participants requires a differ-
ent instructional design and a larger variety of tools. In the fall of 2008,
George Siemens and Stephen Downes organized an open online course Con-
nectivism and Connective Knowledge'4 (CCK08) that attracted approximately
2,200 participants. The course was based on connectivist design principles
(McAuley, Stewart, Siemens, & Cormier, 2010), which focus on knowledge
sharing between the participants instead of a fixed set of assignments. Due to
the nature of the course, a large variety of online tools were used in addition to
wiki and blogs (Fini, 2009). The participants started calling these types of
courses MOOCs — massive open online courses. Later the MOOC format was

" https://eci831.wikispaces.com

"2 https://en.wikiversity.org/wiki/Composing_free_and_open_online_educational_resources

'*1n 2010, University of Art and Design Helsinki merged with two other universities and formed Aalto Uni-
versity. Currently the school is named Aalto University School of Arts, Design and Architecture

" http://web.archive.org/web/20090711085816/http://ltc.umanitoba.ca/wiki/Connectivism_2008
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picked up by some of the leading universities. For example, the CS221: Intro-
duction to Artificial Intelligence’s course at the Stanford University had more
than 160,000 enrolled participants (Rodriguez, 2012). This course did not use
social software tools but had a special platform with lecture recordings and
assignments. Since then, a number of special platforms such as Coursera®,
edX and Udacity'® have been developed for MOOCs. It can be argued, that
courses running on these platforms are not “open” as traditionally thought of
being open in the context of the open Web. On these MOOC platforms, learn-
ers have to enroll to access course content, which is often also not openly li-
censed. Also, these platforms have started to provide paid courses in addition
to free MOOCs. Wiley (2015) has even criticized that “MOOCs, as popularized
by Udacity and Coursera, have done more harm to the cause of open education
than anything else in the history of the movement”.

There is a growing body of research that focuses on the pedagogical, techno-
logical and organizational aspects of MOOCs (Liyanagunawardena, Adams, &
Williams, 2013). Most often, the researchers distinguish between the connec-
tivist cMOOCs and Stanford-like xMOOCs (Rodriguez, 2013). However, there
are a wider variety of different types of open online courses. Conole (2014) has
proposed a framework of 12 dimensions (openness, massiveness, use of mul-
timedia, degree of communication, learning pathway, quality assurance,
amount of reflection, certification, formal learning, autonomy, diversity) for
classifying open online courses.

Two design cases included in this dissertation were developed in the context
of blog-based open online courses in Tallinn University. Blog-based open
online courses can be typically characterized by a high degree of openness and
reflection, but a low degree of massiveness. In Tallinn University, these were
formal university courses where the informal participants could participate in
online activities by through their blogs. In the Estonian context, this typically
meant a small number of informal participants in addition to the university
students. In addition to online activities, there were typically also some face-
to-face seminars for the university students. Design challenges related to this
kind of blog-based open online courses are discussed by Valjataga, Poldoja,
and Laanpere (2011). Due to a small number of participants, creating and sus-
taining community gravity needs a careful planning. The decentralized nature
of blog-based learning environments raises challenges in monitoring participa-
tion and content flows. There is also the question as to what extent the learn-
ing content and activities can be developed beforehand. Finally, open online
courses that take place in blogs require a different approach on feedback and
assessment.

' http://web.archive.orgiweb/20111203044829/https://www.ai-class.com/
' https://www.coursera.org

" https://www.edx.org

'8 https://www.udacity.com
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2.2.5 Assessment and Recognition of Open Learning

Open online courses and learning activities that take place in the open Web
introduce new kinds of challenges for assessment and recognition. Learners
have a flexible opportunity to take part in various open online courses. It is
common for them to not complete the whole course but participate only in
those activities that they find most relevant. Also, learners can study inde-
pendently using open educational resources. These new learning opportunities
raise a question of recognizing the skills and competencies obtained through
open learning. Some xMOOC platforms have built in computer-based assess-
ment tools and provide certificates for learners who have completed the
course. MOOCs offered by universities may provide university credits at the
completion of the course. There are also initiatives by institutions such as Say-
lor Academy® and OERu2° that are working with partner universities to pro-
vide assessment and credits for open learning. These models mainly attempt to
copy formal recognition mechanisms that are present in higher education.

Some assessment issues are specific to blog-based open online courses.
Feedback for blog posts is typically given via comments. However, public
comments are not suitable for grading students’ work, since grades are private
data. Students post their submissions typically as reflective blog posts. This
means that blog-based open online courses cannot rely on computer-based
assessment as it is done with xMOOCs. It is not realistic to expect the facilita-
tor to give feedback for each blog post and therefore it is crucial to involve
learners through peer-review and peer-assessment activities. Also, as it is
common in other types of open online courses, informal participants often
complete only some assignments.

One solution for assessing and recognizing open learning is the use of open
badges (OBs) (Jovanovic & Devedzic, 2015). Open badges infrastructure allows
any organization or educator to issue digital badges for learners who have
completed the assessment tasks. Technically, badges are digital images that
have a set of encrypted metadata such as the issuer, criteria, and evidence.
Learners can collect earned badges to the digital backpack and display them on
their social media profiles. As the OB technology is relatively new, there is still
limited empirical research on using open badges. Some of these studies focus
specifically on using open badges in blog-based open online courses. For ex-
ample, the study of Santos et al. (2013) has revealed that the use of OBs to-
gether with a learning analytics dashboard helps to motivate learners. Haug,
Wodzicki, Cress, and Moskaliuk (2014) also studied motivational issues and
found out that those learners who aimed to earn badges had smaller decrease
of activity during the course than learners who were not interested in badges.
Poldoja and Laanpere (2014) concluded that the use of badges could solve
some of the assessment issues such as private grading in blog-based courses
and provide a greater choice of learning pathways.

9 http://www.saylor.org
? http://wikieducator.org/OERuU
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Issuing certificates for completed MOOCs and providing open badges are or-
ganizational and technical solutions that are more related to recognition than
assessment. As pointed out by Wiley (2015), there is still little done in the field
of open assessment. Wiley sees sharing open competencies and performance
assessment tasks as one solution for assessment related issues. The benefit of
performance assessment tasks is that these cannot be cheated like computer-
based assessment tasks, thus they can be openly shared.

From the pedagogical perspective, open assessment could be associated also
with learner-centered assessment methods such as self-assessment and peer-
assessment. For example, self-assessment could be used in combination with
the personal learning contract method (Anderson, Boud, & Sampson, 1996) in
blog-based open online courses. In this approach, learners set their personal
goals and evaluation criteria in the learning contract and use these to evaluate
their achievements at the end of the course. Peer-assessment has been sug-
gested as a widely applicable assessment method for different types of open
online courses. This is especially true with large MOOCs that where it is virtu-
ally impossible to get direct feedback from the facilitator (Suen, 2014).

2.3 Open Education as an Ecosystem

Early online platforms were typically self-contained independent systems, for
example learning management systems such as WebCT. With the emergence
of social software and Web 2.0 in mid 2000s, people started to talk about eco-
systems in addition to platforms, when referring to digital systems. The eco-
system metaphor was taken into use to emphasize the possibility of integrating
and connecting software with other services. The following sections will intro-
duce the concept of digital ecosystems and present some examples from actual
practice. More specifically, this theoretical overview will discuss technology-
enhanced learning and open education from the perspective of digital ecosys-
tems.

2.3.1 Digital Ecosystems

The concept of digital ecosystems appeared in mid 2000s. During that period,
it was often discussed from the biological perspective, as the scholars drew
parallels between natural and digital ecosystems. In order to understand, how
digital ecosystems are similar to natural ecosystems, the main concepts of nat-
ural ecosystems have to be explained first.

Natural ecosystem could be defined as “the biological community together
with the abiotic environment in which it is set” (Begon, Townsend, & Harper,
2006, p. 499). The natural environment is comprised of different ecosystems,
for example seas, rivers, lakes, forests, fields, deserts and urban ecosystems.
Each ecosystem consists of a community of living organisms and an area
where they live. The area inhabited by the species is known as habitat. The
community consists of populations, which are made of individuals of the same
species. Each habitat could be divided to microhabitats where specific popula-
tions live. Populations together with the microhabitats in which they live form
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niches. A niche could be understood as a summary of the organism’s toleranc-
es and requirements. For example, a niche in the sea ecosystem could have a
temperature, pH level and salinity, all of which are suitable for specific popula-
tions inhabiting this microhabitat (Begon et al., 2006). The community of liv-
ing organisms is the biotic part of the ecosystem. Environment (e.g. air) and its
characteristics (e.g. temperature, humidity) are the abiotic part of the ecosys-
tem. The relationship between the main concepts related to natural ecosys-
tems is presented in Figure 1.

natural environment

ecosystems

community habitat

populations microhabitats

Figure 1. Main concepts of natural ecosystems (redrawn from Briscoe, Sadedin, & De Wilde,
2011)

In one of the early publications about digital ecosystems, Chang and West
(2006) discuss the similarities between natural and digital ecosystems and
summarize four essences of an ecosystem that are present in both types of eco-

systems:
* interaction and engagement;
¢ Dbalance;

¢ domain clustered and loosely coupled species;
* self-organization.

Interaction and engagement takes place between the species for mutual ben-
efit. Ecosystems keep balance between the species in order to sustain harmony
and stability. Species are domain clustered and loosely coupled groups, that
have a similar culture, habits, interests and objectives. Finally, species have the
ability to self-organize by being independent and having the self-defense
mechanisms. Based on these essential characteristics, Chang and West (2006)
proposed to define digital ecosystem as “an open, loosely coupled, domain
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clustered, demand-driven, self-organising agents’ environment, where each
specie is proactive and responsive for its own benefit or profit”. Later, Brisco
and De Wilde (2009) have proposed a more simplified definition that sees
digital ecosystems as “distributed adaptive open socio-technical systems, with
properties of self-organisation, scalability and sustainability, inspired by natu-
ral ecosystems”.

Digital ecosystems are discussed in academic writings at various levels of de-
tail. Some researchers go to great depths in analyzing digital ecosystems as
digital counterparts of natural ecosystems (Briscoe et al., 2011), while many
others remain at the metaphorical level. Pournaras and Miah (2012) distin-
guish between two types of research regarding digital ecosystems. Metaphor-
inspired research areas have their own terminology but introduce some con-
cepts inspired by the ecosystem metaphors. Examples of metaphor-inspired
computing areas include peer-to-peer computing, cloud computing, agent-
based computing, and grid computing. Metaphor-defined areas of computing
rely more explicitly on biological concepts such as self-organization, self-
healing, evolution and sustainability. Some metaphor-defined computing
fields include autonomic computing, organic computing, evolutionary compu-
ting, and green computing.

This dissertation belongs to the metaphor-inspired approach, which has cer-
tain benefits for the design. Metaphors have been found useful in early phases
of the design process, especially when dealing with wicked or ill-defined design
problems. In these kinds of situations, metaphors help the understanding of
unfamiliar problems in terms of known contexts. Thus, the use of metaphors
could help to come up with innovative design solutions (Casakin, 2007).

From the cloud computing perspective, digital ecosystems can be associated
with cloud services, user communities and big data. According to Blanke
(2014, p. 22), “digital ecosystems describe the connections between networks
of platforms, software and users”. Blanke sees crowds as the equivalent of
populations in natural ecosystems. The role of crowds is to make the large
scale authoring, processing and analysis of digital content easier. Depending
on the content, these are the tasks that cannot be easily done by the comput-
ers. This is associated with the idea of crowdsourcing (Howe, 2006), which
means involving crowds of individuals in tasks that require a lot of time or
other resources. Blanke suggests clouds as the equivalent of habitats and mi-
crohabitats in natural ecosystems. Clouds are not simply storage spaces but
platforms on which various applications are built on. Services and applica-
tions in digital ecosystems are the same as niches in natural ecosystems. A
service or application is built on a cloud platform and used by certain crowds.
This conceptualization of digital ecosystems is depicted in Figure 2.
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digital environment

digital ecosystems
habitat

service
/ app

community

crowds clouds

service service
/ app / app

Figure 2. Main concepts of digital ecosystems (based on Blanke, 2014, p. 24)

This view on digital ecosystems also emphasizes the important role of digital
content. Blanke (2014) uses the term digital assets, when referring to the con-
tent in digital ecosystems. At the generic level, digital assets can be understood
as digital objects that have an economic, social or cultural value. In order to
realize these values, digital assets are described with metadata and usage
rights that enable their consumption. Open educational resource that is de-
scribed with appropriate metadata, published under a Creative Commons li-
cense, and distributed through a repository, would be a good example of a digi-
tal asset.

Technically, digital ecosystems are related with service-oriented architecture
(SOA) (Brisco et al., 2011). In service-oriented computing, services are used as
fundamental components for developing software applications. Services can be
understood as self-contained technology neutral software components that are
used by other applications through a communication protocol (Papazoglou,
2003). SOA allows the combination and use of existing software components
when creating new applications. Many Web 2.0 services provide APIs that en-
able other developers to build new applications for interacting with content
and data. This may lead to an ecosystem of connected services and applica-
tions. A good example is Twitter, that has a large number of applications and
services that use its APIs, both on Web and on mobile platforms.

On a practical level, many widely used online services could be discussed as
digital ecosystems. For example, it is possible to talk about the “Google ecosys-
tem”, “Facebook ecosystem”, “Apple ecosystem” or “Wikipedia ecosystem”. In
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the case of Google, there are a large number of individual applications that are
all loosely joined. We can see, how Google is trying to keep balance in the eco-
system by coming up with new applications, redesigning existing applications
and sometimes closing applications that do not fit anymore with their goals.
Facebook is partly an example of a walled garden where user crowds contrib-
ute to the development of additional applications that work inside Facebook.
However, some parts of Facebook are open to the Web and external services.
The “Apple ecosystem” is built around the hardware, software and services
developed by the company. This has enabled the company to achieve a high
level of interoperability between the Apple devices and software. However,
Apple could be also criticized for having built a closed ecosystem that inten-
tionally limits interoperability with competitor services and devices. Wikipedia
and other wiki-based communities run by the Wikimedia Foundation could be
seen as an example of an open ecosystem. Wikimedia Foundation provides the
infrastructure that enables user crowds to develop multilingual wiki projects.
The developed content is available under a free license that allows reuse by
other people and services.

2.3.2 Digital Learning Ecosystems

Ecosystem thinking has inspired the design of various types of information
systems. In the context of this dissertation, it is important to look at the eco-
systems approach on technology-enhanced learning. As pointed out by Giitl
and Chang (2008), the increasing complexity of modern learning setups re-
quires appropriate models and architectures for communicating conceptual
ideas and turning them into practical implementations. It is common, that a
number of different systems are used in a typical learning scenario for creating
and distributing learning content, participating in group work and discussions,
reflecting on the personal learning, and managing the course.

Several authors have proposed concepts such as e-learning ecosystem
(Chang & Guetl, 2007; Uden et al.,, 2007), digital learning ecosystem
(Ficheman & de Deus Lopes, 2008; Laanpere, Pata, Normak, & Poldoja, 2012)
or digital teaching and learning ecosystem (Reyna, 2011). Their interpreta-
tions differ mostly in details, how they model the biotic and abiotic component
of the ecosystem. From these studies, Chang and Guetl (2007) have a most
systematic approach on modeling the e-learning ecosystem. Based on Pickett
and Cadenasso (2002), they recommend five characteristics for describing
particular instances of ecosystem models:

* the biotic and abiotic components and their level of aggregation;

* the temporal extent and the temporal and spatial scale of the system;

* the physical boundaries of the system;

* the type and extent of relations and interaction between the ecosys-
tem components;

* constraints on system behaviors.

Following these characteristics, Chang and Guetl (2007) propose the concept
of learning ecosystem that consists of learning stakeholders (learners, teach-
ers, school administration, content providers, parents, etc.) and their commu-
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nities as the biotic part and learning utilities (content, tools) as the abiotic part
of the ecosystem. In order to describe the physical and logical borders of the
system, Chang and Guetl (2007) use the concept of learning environmental
boundaries?'. For example, the boundaries of blog-based open online courses
are defined by the use of blogs, feed readers, and external social media plat-
forms that allow content to be embedded into blog posts. Both internal rela-
tions between the ecosystem components and external forces influence the
behavior of the ecosystem. These internal and external influences are specified
as learning ecosystem conditions. For each concrete model of the learning
ecosystem, also the temporal extent and the temporal and spatial scale also
have to be specified. Simplified representation of the learning ecosystem is
presented in Figure 3. This representation could be used as a basis for visualiz-
ing learning ecosystems in different contexts, including open education.

External influences

v

Learning ecosystem conditions
e Internal influences ~ |----------- 1
| |
I [} 1 |
| _—— - [ e —— |
| - =~ [ -~ =~ |
| ,/’ SN (] -7 \\\ l
1 ’ //—"\\ AN [ / //’_\\ N 1
[ I 4 \ | [} 4 \ I
Q| ’ [ O o) [ C e ® v
& : II PR auniN ‘@ / \\ : : ,l \ P RN \\ :
2 A SN o ! S ey
= | o ! o ! ) [
S [ e S [ \ RN ® ) Lo
- N / : : \ P N N '
S0 e @1 Ve e /o
% ! \ N ,I ’ [ \ \\ ® ’ !
g | N ~__-" s [ NS o” 4 !
c | AN Pid [ M e |
o | ~So _- [ So - |
= ! S=—=-" [ S |
> I } } I
c ] [ J L] 1 L] e
- ] 1o ]
83 | == [ PR |
é : i L // L \\ : : // L \\ ® b :
s : o o '\O ! 11 N OI' o o !
a1 ° e )/ 1 N e, ° '
] S [ -7 1
| [ |
| [ |
' Learning stakeholders . Learning utilities '
| |
I . J

Figure 3. Simplified representation of the learning ecosystem (redrawn from Gitl & Chang,
2008)

Chang and Guetl (2007) suggest that while the concept of the learning ecosys-
tem could be used to describe any physical or virtual learning setting, it is pos-

" In a later publication, Giitl & Chang (2008) use the concept of learning environmental borders in parallel
with learning environmental boundaries. These two concepts should be understood as synonyms. For
clarity, this dissertation is using the concept learning environmental boundaries.
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sible to narrow it down to specific domains such as e-learning. In this context,
they use the concept of e-learning ecosystem (ELES). This allows the identifi-
cation and study of characteristics that are specific to ELES, such as learning
communities and other stakeholders, digital learning tools and conditions spe-
cific to e-learning. This dissertation uses the digital learning ecosystem (DLE)
as a general concept for describing learning ecosystems in TEL domain. This
concept also covers e-learning ecosystems, but is more in line with recent de-
velopments in TEL.

Laanpere, Poldoja and Normak (2013) argue that DLE’s represent the third
generation of learning systems. In this interpretation, offline learning systems
(educational desktop software, multimedia CD-ROM’s) and virtual learning
environments (LMS’s, computer-based assessment tools, etc.) stand as previ-
ous generations of learning systems. Specific software architecture, pedagogi-
cal foundations, content management approach and affordances characterize
all three generations of learning systems. These main characteristics are sum-
marized in Table 2.

Table 2. Generations of learning systems (based on Laanpere et al., 2013)

Dimension Offline learning

systems

Virtual learning
environments

Digital learning
ecosystems

Software architecture

Desktop software

Single-server mono-
lithic system

Cloud architecture,
SOA, mobile clients

Pedagogical founda-
tion

Operant conditioning

Pedagogical neutrality

Social constructivism,
connectivism

Content management

Content was integrat-

Separated from soft-

Web-based, embed-

ed ware, reusable dable, located outside,
rich metadata, openly
licensed

Reflection, sharing,
remixing, tagging,
mashups, recom-
menders

Dominant affordances | Presentation, drill, test | Presentation, assign-

ments

While VLE’s were typically built as single-server monolithic systems, DLE’s
consist of multiple could applications that are based on service-oriented archi-
tecture. Pedagogically, DLE’s can be associated with social constructivism and
connectivism (Anderson & Dron, 2011). Learning content is typically located in
the open Web and can be embedded in different learning tools used in the eco-
system. Dominant affordances of DLE’s include reflection, sharing, remixing,
tagging, mashups and recommenders.

When looking at these characteristics, it is possible to argue that open educa-
tion could be seen as one example of digital learning ecosystems. Also it is pos-
sible to look at specific areas of open education (open educational resources,
open online courses) as independent examples of digital learning ecosystems.
The following section discusses some of the ecosystem approaches in open
education.
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2.3.3 Ecosystem Perspectives on Open Education

In June 2007, a group of open education scholars and activists gathered for
the education track at the iCommons Summit22. Among other topics, the par-
ticipants discussed the open education movement, suggesting it could expand
its focus beyond content. One of the concepts that evolved in the discussions
was the open education ecosystem. Schmidt and Surman (2007) made a sum-
mary of these discussions. Based on the sketches drawn by the participants,
they visualized the structure of the open education ecosystem. In this interpre-
tation, key components of the open education ecosystem included people, con-
tent, tools, communities and organizations. In addition to these five key com-
ponents, there were processes that described the relations and interactions
between the components of the ecosystem. The behavior of the ecosystem is
influenced by a loosely agreed set of common values. Schmidt and Surman
(2007) do not refer to the research on digital ecosystems. However, their mod-
el of the open education ecosystem could be mapped according to the learning
ecosystem model developed by Chang and Guetl (2007). This mapping is pre-
sented in Figure 4.
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Figure 4. Open education ecosystem as a learning ecosystem (based on Schmidt & Surman,
2007; Gutl & Chang, 2008)

2 iCommons Summit was the annual meeting of Creative Commons and other commons-oriented
movements
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When examining this scheme of open education ecosystem, it is important to
keep in mind, that this was developed at the time when the open education
movement focused mostly on content. People, organizations and communities
would belong to the biotic part of the ecosystem. The abiotic part of the ecosys-
tem is made up of content and tools. Schmidt and Surman (2007) did not dis-
cuss the borders of the open education ecosystem, but it can be argued that
these borders could be defined by the shared values. Values and processes rep-
resent internal influences on the learning ecosystem conditions.

Several authors have used the concept of infrastructure, when discussing
tools and services for open education. Infrastructure refers to fundamental
services and facilities that are needed for a certain area to function, for exam-
ple electrical grid, roads and communication networks. Infrastructure consists
of human-made components that are built into the ecosystem. In the case of
the open education ecosystem (see Figure 4), the learning utilities form an
infrastructure. The digital ecosystem is a wider concept than infrastructure
since it emphasizes the socio-technical, self-organizing and crowd-based as-
pects. Atkins et al. (2007) use the concept of open participatory learning in-
frastructure, which consists of organizational practices, technical infrastruc-
ture and social norms. However, they do not go into detail and discuss compo-
nents of the technical infrastructure. Duval et al. (2011) have used the concept
of open learning infrastructure for describing the tools and services developed
for supporting the complete lifecycle of open educational resources.

The most holistic discussion of the infrastructure for open education is pub-
lished by Wiley (2015). Wiley proposes four core components for the open ed-
ucation infrastructure: (1) open credentials, (2) open assessment, (3) open
educational resources, and (4) open competencies. Wiley sees open competen-
cies as the fundamental component, since all other components (OER, as-
sessment tasks, credentials) should be connected to specific competence mod-
els. Open education infrastructure would need tools and services that support
creating, sharing, reusing, revising and remixing of all four components. In the
learning ecosystem model by Chang and Guetl (2007), these would be classi-
fied as learning utilities.

In addition looking at the open education ecosystem as a whole, it is also
possible to distinguish several smaller ecosystems. A number of authors have
discussed the OER ecosystem (Mackintosh, 2012; McAndrew & Farrow, 2013;
Yuan, Robertson, Campbell, & Pegler, 2010). Also, open online courses could
be seen as independent ecosystems (Pata & Bardone, 2014).

This dissertation is using the concept of open education ecosystem to refer to
open education as a learning ecosystem. As pointed out by Brown and Adler
(2008), ecosystem and infrastructure have different connotations. Infrastruc-
ture is often associated with heavyweight predesigned artifacts. Ecosystems,
on the other hand, are associated with interaction between the components,
loose connections, balance and self-organizing capabilities. Several scholars
have used the concept of OEE (Mackintosh, 2012; Meiszner & Papadopoulos,
2012; Lesko, 2013; Schmidt, Geith, Haklev, & Thierstein, 2009). Most of them
however have remained at the metaphorical level. Meiszner & Papadopoulos
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(2012, p. 1) have defined the open education ecosystem as “the wider socio-
technological system that might consist of a number of OEFs and the various
resources of such OEFs, including the stakeholders that are populating this
ecosystem”. This definition refers to open educational frameworks (OEF),
which are understood as being organizational frameworks embedded within a
technological system. For this dissertation, the open education ecosystem is
defined as a learning ecosystem that consists of tools, services, resources and
stakeholders who share a common set of values. The core value that defines
the extent of the open education ecosystem is openness.

2.4 Design in Context

In the previous section we looked at open education as a digital ecosystem.
Complex digital ecosystems consist of a number of tools and services which
each have a specific role. These tools and services are used by learning stake-
holders who have their personal goals and expectations of the tools they are
using. Processes taking place in the open education ecosystem are influenced
by various internal and external influences. Designing tools and services for
this kind of digital ecosystem is a complex issue that requires a thoughtful ap-
proach from the designers. This section will discuss design in the context of
digital learning ecosystems.

2.4.1 Design Approach

Design has been divided at various times into different design fields such as
architecture, interior design, industrial design, graphic design, fashion design,
etc. This dissertation focuses on the design of online learning tools, which is
related to several contemporary design fields. The design of any digital artifact
requires interaction design. In the case of learning tools, there are some un-
derlying pedagogical ideas that are embedded in the design, and thus it is re-
lated to instructional design. A lot of technical decisions and compromises
made during the design process are related to software design. Finally, educa-
tional systems design should be taken into account in order to understand how
the design fits into a larger context.

Interaction design can be considered as the main design discipline for this
dissertation, therefore the design approach is explained in the context of inter-
action design. In a basic sense, interaction design is about defining the struc-
ture and behavior of interactive systems. Lowgren and Stolterman (2007, p. 5)
define interaction design as a “process that is arranged within existing re-
source constraints to create, shape, and decide all use-oriented qualities
(structural, functional, ethical, and aesthetic) of a digital artifact for one or
many clients”. This definition points out the broad scope of interaction design.
Interaction design is related to a number of a number of academic disciplines
(computer science, psychology, ergonomics, social sciences, etc.) and design
practices (graphic design, industrial design, service design, etc.).

Nelson and Stolterman (2012, p. 225) argue that design should be seen as a
third tradition, a midpoint between the sciences and the arts. Design is related
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to the applied side of arts (craft) and applied side of sciences (technology).
While natural sciences investigate the world as it is, design has an intention of
changing the world by introducing human-made artifacts. Lowgren and
Stolterman (2007, p. 31) have summarized the essential difference between
science and design as follows: “a researcher is interested in reality whereas a
designer is interested in what reality could become”. Nelson and Stolterman
(2012, p. 41) point out that one of the key characteristics of design is focus on
service. Science and arts can be seen as self-serving areas where the scientists
and artists are driven by their own curiosity and need for self-expression. De-
sign is an other-serving field since there is a service relationship with the cli-
ent.

Design is often discussed from the process perspective (Lowgren & Stolter-
man, 2007, Chapter 2). The design process takes place in a specific context
known as the design situation. Two concepts that are related to the design
process are the problem and the solution. The problem refers to how a design-
er currently understands the design situation. Often, design problems cannot
be easily formulated, since they may have incomplete, contradictory, and
changing requirements. These kinds of problems are known as wicked prob-
lems (Rittel & Webber, 1973). The design process is about exploring different
possibilities and some authors see the design process as informed guessing
(Leinonen, 2010, p. 67) The beginning of the design process can be seen as
divergence, the situation in which the designer is looking in the wider context
and considering a number of alternative solutions. In later phases of the de-
sign process, the designer has to narrow down the choices and focus on one
specific solution or a synthesis of different ideas. This formation of a deeper
understanding and more refined design proposal is known as convergence
(Lowgren & Stolterman, 2007, p. 29—30).

There are a number of process models for interaction design (Brinck, Gergle,
& Wood, 2002, p. 16; Cooper, Reimann, & Cronin, 2007, p. 24; Leinonen,
Toikkanen, & Silfvast, 2008; Preece, Rogers, & Sharp, 2007, p. 444—463), but
these cannot be taken as universal recipes. Each design situation is unique and
requires thoughtful thinking to combine the most suitable design methods.
Lowgren and Stolterman (2007) see the design of the design process as a vital
aspect of design. The design cases included in this dissertation follow the re-
search-based design model proposed by Leinonen et al. (2008). This model is
based on four iterative stages: (1) contextual inquiry, (2) participatory design,
(3) product design, and (4) the development of software prototype as hypothe-
sis. The software prototype can be seen as hypothesis since it aims to answer
the design challenges identified in the earlier phases of research. These four
stages of the research-based design provide a general framework for the design
process while leaving the designer a freedom to choose appropriate interaction
design methods during each stage.

Design can be also seen as a form of communication in which the designer
will externalize the design thinking through creating various representations
of the designed artifact. Lowgren and Stolterman (2007, p. 28) discuss three
basic purposes for creating representations during the design process: forming
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ideas, communicating with oneself, and communicating with others. Common
representations and design artifacts created in interaction design include per-
sonas, scenarios, concept maps, user stories, paper prototypes, wireframes,
site maps, and various functional prototypes. According to Schon (1991, p. 79),
good design process requires reflective conversation with the design situation.
This conversation allows the designer to realize consequences of the design
decisions and changes in the design situation. Representations and artifacts
created during the design process empower the designer to start this reflective
conversation with oneself or with others.

One design approach, that emphasizes the active involvement of all stake-
holders from the early design process is participatory design (Ehn, 1992). In
software development, participatory design approach could be used in various
phases. For example, scenario-based design (Carroll, 2000) could be done in a
participatory way. The initial scenarios prepared by the designers will be dis-
cussed and revised with the stakeholders in the participatory design session.
Participatory design approach could be also used with writing user stories and
sketching paper prototypes.

When working with people, the designer has to take various roles. Dahlbom
and Mathiassen (as cited in Lowgren & Stolterman, 2007, p. 36—37) distin-
guish between three possible roles for an interaction designer. The computer
expert offers technical expertise but follows the requirements as specified by
the clients and users. The socio-technical expert looks not only at the technical
solutions, but envisions how the social and organizational factors could be
redesigned together with the software design. The political experts do not see
software design as a neutral activity, but argue that the design should empow-
er a specific group of users. When choosing an appropriate role, the designers
have to look not only at the specific project, but also think about their social
and ethical responsibilities regarding the wider impact of their design.

2.4.2 Pattern Languages in Design

The previous section discussed that one of the fundamental aspects of design is
communication. This communication involves designers and other stakehold-
ers who come from various fields and might not be acquainted with design
methods. Therefore, it is argued (Erickson, 2000) that design projects need a
common language — lingua franca — that is co-created and understood by all
the participants involved in the project.

One approach to establishing a common language is to use pattern lan-
guages. In the late 1970s, the architect Christopher Alexander and his col-
leagues developed the original idea of pattern languages (Alexander, 1979;
Alexander, Ishikawa, & Silverstein, 1977). According to Alexander, every build-
ing and every town is made up of certain recurring entities which he calls pat-
terns. Alexander argues that the use of patterns would support the design of
environments that have a quality that is difficult to express in words, a quality
that could be called “the quality without a name”. The use of a pattern lan-
guage makes it possible to create an infinite variety of unique buildings and
places, just like ordinary language makes it possible to compose an infinite
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variety of sentences. Alexander composed a network of 253 patterns that de-
scribe spaces and buildings at different levels, from regional level (INDE-
PENDENT REGION) to small things like family pictures and travel souvenirs
that make the place alive (THINGS FROM YOUR LIFE)(Alexander et al.,
1977). Alexander’s patterns are not just descriptions of the spaces and build-
ings, but they are closely connected to the events that take place in these spac-
es. Each pattern consists of three parts: description of the context, conflicting
forces and recommended configuration. None of the individual patterns are
isolated, but each pattern is loosely connected to the smaller patterns it con-
tains and the larger patterns within which it is contained. For example,
STREET CAFE belongs to larger patterns of IDENTIFIABLE NEIGHBOR-
HOOD, ACTIVITY NODES and SMALL PUBLIC SQUARES. The street cafe
pattern contains a number of smaller patterns, for example OPENING TO
THE STREET, A PLACE TO WAIT, DIFFERENT CHAIRS, and a CANVAS
ROOF (Alexander et al., 1977, p. 436—439). The power of Alexander’s pattern
language lies in the fact that the patterns are simple enough to share from per-
son to person. In this way it enables non-architects to participate in the design
of their environments.

The idea of dissecting complex solutions into a network of reusable patterns
can also be applied in other fields besides architecture. In the 1990s, the de-
sign patterns became used in software engineering to describe recurring solu-
tions to common problems in software design (Gamma, Helm, Johnson, &
Vlissides, 1994). The pattern languages have attracted interest also in the hu-
man-computer interaction community (Dearden & Finlay, 2006; van Welie &
van der Veer, 2003). More widely known practical examples of pattern lan-
guages are the web design patterns (van Duyne, Landay, & Hong, 2007).

The design patterns approach has also been explored in technology-
enhanced learning for more than a decade. Some of the first publications on
this topic suggested that patterns could provide a simple and understandable
format to capture and share effective learning designs between the practition-
ers and with the researchers of TEL (Baggetun, Rusman, & Poggi, 2004;
Derntl & Motschnig-Pitrik, 2003). Goodyear et al. (2004) discussed the possi-
ble pattern language for networked learning and compared it with Alexander’s
patterns. They suggested the PROGRAMME OF STUDY as the largest inde-
pendent pattern for networked learning (equal to Alexander’s INDEPENDENT
REGION pattern). Lower level patterns would include building blocks of
courses such as UNIT OF STUDY and MODULE, but also individual pedagogi-
cal techniques such as DISCUSSION GROUP or ROLE PLAY. In a later publi-
cation, Goodyear (2005) proposed that patterns for networked learning could
be divided in three categories: tasks, organizational forms, and learning envi-
ronment. Rohse and Anderson (2006) see adaptation, self-organization, emer-
gence, and expression of values as key characteristics that make pattern lan-
guages valuable for education. Typically, the patterns are written in a way that
they must be interpreted and adapted to specific context. The self-organizing
aspect of patterns is related to the interdependencies between the patterns.
The emergence of new patterns results from the repeated use of good patterns.
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Finally, the patterns should not be pedagogically neutral but should carry cer-
tain educational values.

An important issue related to pattern languages is the process of identifying
design patterns. For Alexander and his colleagues it took years of collaboration
to compose their pattern language. In the context of education, Baggetun et al.
(2004) suggest combining inductive (from specifics to generalizations) and
deductive (from generalizations to specifics) approaches for identifying pat-
terns. Brouns et al. (2005) discuss the possibility of using IMS Learning De-
sign to detect patterns in existing courses. However, this approach would re-
quire that the courses are structured in a machine interpretable way. Retalis,
Georgiakakis, and Dimitriadis (2007) have suggested a four step approach for
identifying design patterns for e-learning systems: an analysis of the function-
ality offered by the existing systems, developing scenarios for learning activi-
ties, comparing how the existing systems support these learning activities, and
constructing a pattern language for a specific genre of e-learning systems. This
approach can be considered too tool-centered. In the educational context it is
important to recognize also these patterns that are not necessary mediated by
the use of technology. Gibbons (2014) proposed the most advanced method for
identifying patterns in educational context. He argues that any instructional
design could be divided to a number of independent layers that influence each
other. Gibbons (2014, p. 34) proposed a set of seven layers for common in-
structional designs: content, strategy, message, control, representation, data
management, and media-logic layers. Instructional design patterns should be
identified according to layers and taking into account the activities that take
place on a certain layer and the influences the layer has on other layers. The
order of going through the layers is depending on the context and is not fixed.
As an example, Gibbons (2010) analyzed the activity of conversation and iden-
tified 77 patterns. Gibbons’ approach was considered for this study, but it
would have resulted in too large a number of small patterns. Therefore, this
study follows Alexander’s approach of moving from larger patterns towards
smaller patterns.

The use of patterns helps to generalize recommended design decisions in a
specific context. Design patterns can be seen as a democratic tool that allows
the involvement of various stakeholders in the design process.

2.5 Summary

This chapter outlined the theoretical framework of the dissertation. In order to
contextualize this research, I gave an overview of the historical development of
technology-enhanced learning and open education. Although open education
is commonly associated with open educational resources and MOOCs, there is
a wider variety of open approaches to learning. Understanding the main re-
search directions of TEL and different approaches to open education is im-
portant for discussing the designed tools in Chapter 4. This dissertation argues
that open education could be seen as a digital ecosystem — the open education
ecosystem. Theoretical underpinnings of digital ecosystems were presented in
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order to propose the structure of the open education ecosystem in Chapter 6.
The final section of the theoretical framework chapter discussed the role of
design in the context of this research with special emphasis on pattern lan-
guages. A set of design patterns for the open education ecosystem will be pre-
sented and discussed in Chapter 6.
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3. Methodological Considerations

Combining design practice and research in a methodologically sound way is
difficult. One approach to address the challenge is constructive design re-
search in which new knowledge is developed through constructing actual de-
sign artifacts such as products, systems, spaces or media (Koskinen et al.,
2011). This thesis studies the design of online learning tools and the open edu-
cation ecosystem through designing and constructing five software prototypes.
According to Koskinen et al. (2011), constructive design research aims to ad-
dress limitations of earlier approaches such as user-centered design method-
ologies. People are often conservative and have difficulties in imagining things
that do not exist yet. Therefore, relying only on user studies would result in
small improvements rather than in breakthrough ideas. In constructive design
research, designers build mockups and prototypes that help people to open up
their imagination.

Fallman (2008) has proposed a model of interaction design research that
places any design research activity between three interconnected activity are-
as: design practice, design exploration, and design studies. Fallman illustrates
the model as a triangle where each activity area is in one corner (see Figure 5).
Design practice covers design activities where the interaction design research-
er takes a proactive role in the process for designing and developing practical
and usable design solutions for a specific context and client. Design practice
activities are similar to interaction design activities outside academic research.
In design practice, the designed artifact is the primary outcome of the process.
The role of research is to support the design decisions. Design exploration
involves similar interaction design methods to design practice, but has differ-
ent intentions. It mainly serves the researcher’s own research agenda instead
of an external client. Design exploration examines the possibilities outside of
the current paradigms of use, technology, and economical boundaries. The
activity area of design studies resembles more traditional fields of academic
research. The goal of design studies is to contribute to the body of knowledge
about design and to build an intellectual tradition within the field of design
research. Unlike the other two activity areas, the focus of design studies is on
describing and understanding rather than on creating and changing.

Fallman (2008) argues that an important part of this model is the possibility
to move between different activity areas. While the actual methods and tech-
niques used in these activity areas can be quite similar, each area takes a dif-
ferent perspective on design. Fallman uses three concepts to describe the
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movement within the model: trajectories, loops, and dimensions. Trajectories
refer to planned moves or unintentional drifting between two or more activity
areas or inside of a single activity area. In the model, trajectories can be drawn
as simple lines with an arrow indicating the direction of the movement. Loops
describe continuous movements between different activity areas. Dimensions
are used to describe tensions between two or three activity areas. They are typ-
ically written outside the model. One possible dimension between three activi-
ty areas is True—Real—Possible. Design practice deals with what is real, design
exploration explores what is possible, and design studies aim to describe what
is true.

Fallman’s interaction design research triangle provided a methodological
framework for the research activities within this doctoral study. In general,
this study can be divided into two phases operating in all three areas of activi-
ty:

1. design practice and design exploration on online learning tools;
2. design studies on challenges, patterns and structure for the open ed-
ucation ecosystem.

The first phase of the study consisted of five design cases in which online

learning tools were designed and constructed. The design cases focused on
three different contexts: authoring and sharing platforms for open educational
resources, blog-based open online courses, and assessment and recognition of
competencies. A more detailed description of the design cases follows in Chap-
ter 5. The aim in the second phase of the study was to make generalizations
from the design cases. These generalizations focused on summarizing the de-
sign challenges, identifying the design patterns, and analyzing the structure
and components of the open education ecosystem.
In Fallman’s interaction design research model, the design cases belong to the
loop between design practice and design exploration (see Figure 5). OER au-
thoring tool LeMill is closest to the area of design practice, as it was designed
with a larger project taking into account the current practices of European
teachers. However, the design of LeMill also explored new possibilities related
to collaborative authoring and remixing of open educational resources. PILOT
and LeContract explored the use of novel pedagogical methods such as pro-
gressive inquiry and learning contracts. Thus, these projects could be posi-
tioned in the area of design exploration. EduFeedr and DigiMina fall between
design practice and design exploration. Both projects were initiated as a result
of a practical need, but also explored new ways to support online learning.
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Figure 5. Activity areas of research (based on Fallman, 2008)

In the second phase of the study, the focus of research shifted towards design
studies. This move between the activity areas is presented as a trajectory line
in Figure 5. In this study, two dimensions can be identified between the activi-

ty areas:

Tools—Educational practices—Design patterns. The activity area of
design practice covers practical interaction design of online learning
tools. The design of tools has to meet both teachers’ everyday needs
and my personal research interest in changing current educational
practices. Challenges relating to new educational practices can be ex-
plored through designing prototypes that support these practices.
The activity area of design studies aims to provide generalizations
that can be applied in designing other online learning tools for a simi-
lar context. These generalizations are presented in a form of design
patterns.

Tools—Digital ecosystem—Openness. The second dimension of ten-
sions is related to designing online learning tools as part of a digital
ecosystem. The activity area of design practice focuses on the interac-
tion design of individual tools. The activity area of design studies, on
the other hand, is mainly interested in the relationships and interac-
tions between the tools that form the open education ecosystem.
Openness is an important factor both for designing the individual
tools and structuring the open education ecosystem. Issues related to
openness are examined in the activity area of design exploration.

The following sections discuss the concrete design and research methods
used in the two phases of the study in more detail.
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3.1 Design Practice and Design Exploration of Online Learning
Tools

The first phase of the study involved a number of interaction design methods
that were applied in the design cases. As discussed earlier in Section 2.4.1, in-
teraction design can be seen both as a process and as a communication. The
design cases upon which this study is built followed the research-based design
model by Leinonen et al. (2008). In fact, LeMill was one of the design cases
that contributed to the development of Leinonen’s research-based design pro-
cess model. This model divides the design process into four iterative phases:
(1) contextual inquiry, (2) participatory design, (3) product design, and (4)
production of software prototype.

The contextual inquiry phase aims to define the context and preliminary de-
sign challenges. This is done through answering questions such as “who”,
“what”, “why” and “where”. The outcomes of the contextual inquiry were doc-
umented using the persona method (Cooper et al., 2007). Personas are fiction-
al characters that represent archetypical users of designed tool or service. Per-
sonas have a special focus on the goals that these users have related to the de-
signed product. In this study, personas were used internally to build a com-
mon understanding of the target group within the design team. An example of
a persona is presented in Publication 4.

The participatory design phase focuses on defining preliminary concepts. In
this study, the scenario-based design method (Carroll, 2000) was used to for-
mulate initial design ideas and to gather feedback from the stakeholders. Sce-
narios are short stories that describe how users interact with a system in a spe-
cific setting to complete their goals. Scenarios are evaluated with stakeholders
(who often represent archetypical personas) in participatory design sessions.
Scenarios in interaction design have some similarities to use cases in software
engineering. Use cases describe alternative ways of reaching the goal, unwant-
ed endings and reactions to possible exceptions (Salinesi, 2004). However, use
cases are mainly used for specifying software requirements, while scenarios
are used to envision the possibilities. Example scenarios are presented in Pub-
lications 1, 3, and 4. Concept mapping method (Novak, 2010) was used to
summarize the results of the design sessions and to establish the user interface
vocabulary for the next phases of design. Concept maps from the design cases
are presented in Sections 5.2, 5.4, and 5.5.

The product design phase aims to define use cases, system architecture, and
basic interaction with the system. The user stories method (Cohn, 2004) is
used to document basic functions of the system by describing each software
requirement in one or few sentences from the end user perspective. User sto-
ries provide textual description of the features but omit the details of the user
interface. Paper prototypes (Snyder, 2003) or wireframes (Brown, 2010) were
developed to create the preliminary user interface design. In the case of the
DigiMina project, flow charts (Brown, 2010) were also created for planning
interactions related to the assessment process.

The final phase of Leinonen’s research-based design model is the production
of software prototype, in which the functional prototype is built. Prototypes
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are potential solutions to the design challenges that were defined earlier in the
design process. Functional prototypes were built in four of the design cases.
The only exception was the LeContract project that only reached the product
design phase.

The exact choice of interaction design methods is always dependent on the
design situation. Fallman and Stolterman (2010) see the choice of methods as
a consequence of designer’s practice and experience. Yee (2010) argues that
the “pick and mix” approach, in which established research methods are com-
bined with practice-based methods, has become an established paradigm for
design research. The experience from this study shows that the choice of
methods is also dependent on the available resources such as team size and the
division of roles.

3.2 Design Studies on Challenges, Patterns and Structure of the
Open Education Ecosystem

The second phase of the study took a different perspective of the online learn-
ing tools and services that were designed. With a shift to the activity area of
design studies, the focus changed from individual tools to the open education
ecosystem. The general aims of this phase are described in Section 1.3 — un-
derstanding the structure of the open education ecosystem and providing re-
search-based insights for designing online learning tools for open education.
The research questions that frame this study (see Section 1.5) were reformu-
lated several times during the process, as each new design case provided a bet-
ter understanding of the context. Generalizations that were made from the
design cases include a summary of design challenges (Q1), descriptions of rec-
ommended design patterns (Q2), and the structure of the open education eco-
system (Q3).

A multiple case study approach was used to capture new knowledge from the
design cases. Yin (2014, p. 16) defines a case study as an empirical inquiry that
investigates a contemporary phenomenon in depth and within its real-world
context. Case studies can be divided into single and multiple case studies,
which may be holistic or embedded. This doctoral research deals with a multi-
ple case study that involves five design cases. All the design cases are holistic,
meaning that they do not include several units of analysis within a single case.

The process of content analysis (Berg, 2001) was used to study the design
challenges related to open education. In each study reported in the publica-
tions, various challenges were recognized. The challenges were categorized
into three groups by reconsidering, combining and encoding them (see Section
6.1).

The identification of design patterns combined inductive and deductive ap-
proaches, as recommended by Baggetun et al. (2004). The inductive pattern
mining approach was used to identify the majority of the design patterns. The-
se were generalizations from the specific instances of how the design challeng-
es were addressed with the implementation of software prototypes or with the
design of learning activities. Some patterns were based also on the deductive
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pattern mining approach. For example, one of the design patterns was derived
from the lurking metaphor, which refers to the passive participation in online
communities. Two sets of patterns were developed using Alexander’s (1979,
Chapter 16) approach for constructing pattern languages (see Section 6.2).
Modeling the structure of the open education ecosystem is based on the syn-
thesis of all previous steps in this study. The use of multiple methods for de-
veloping the conceptual model of the open education ecosystem can be seen as
a methodological triangulation (Cohen, Manion, & Morrison, 2007). The de-
sign and development of software prototypes contributed to the understanding
of the components of the open education ecosystem and relations between
them. Design studies about the design challenges and patterns helped in the
conception of the general structure of the open education ecosystem (see Sec-
tion 6.3).
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4. Original Publications

This dissertation is based on five research publications, of which four were
published in peer-reviewed journals (Publications 1, 2, 3, and 5) and one in the
proceedings of an international conference (Publication 4). The publications
are listed and discussed in the order in which the actual design work was start-
ed and not in the order of publishing the results. All five publications describe
the design process of a different online learning tool for open education. The
publiccations included present different phases of the design research. Publi-
cations 1 and 4 present the concept and early design phase of two novel online
learning tools — PILOT’s and LeContract. Publication 2 discusses an open ed-
ucational resources authoring tool LeMill?3 that is already in use by thousands
of teachers. Publications 3 and 5 present both the design process and a small-
scale evaluation of EduFeedr?4 and DigiMina.

This chapter explains the context within which the research was carried out,
describes the aims and main contributions of each publication and outlines my
own role in both in the design process and in writing the publication. The de-
signed online learning tools itself are discussed in details in Chapter 5.

4.1 Publication 1: Progressive Inquiry Learning Object Templates
(PILOT)

Publication 1 presents the concept and discusses the design process of progres-
sive inquiry learning object templates (PILOT’s). The original idea of PILOT’s
emerged in discussions with my supervisor Teemu Leinonen. It is based on our
earlier work with the Fle3 learning environment (Leinonen, Kligyte,
Toikkanen, Pietarila, & Dean, 2003) and IVA learning management system
(Laanpere et al., 2004). The use of these learning environments indicated that
teachers and learners had difficulties with setting up authentic and challenging
study topics for online discussions. Also, our aim was to alter the situation in
which learning objects were used mainly for individual learning (reading, look-
ing, playing, quizzes) or for presentations by teachers. As a solution we pro-
posed a template for creating rich media learning objects that can be used for
engaging learners in the collaborative knowledge building processes. The de-
sign of PILOT’s started initially as a small-scale research experiment that was

2 http://lemill.net
2 http://www.edufeedr.net
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not part of any officially funded research project. Publication 1 summarizes the
outcomes of the initial design and prototyping that was carried out during
2004—2005. The work was later continued in a large-scale European research
project called Calibrating eLearning in Schools (CALIBRATE) (2005-2008).
My role in this work was to formulate the structure of PILOT’s, to design the
visual representation and to develop the first rich media prototypes. In later
phases during the CALIBRATE project I was responsible for prototyping the
authoring interface, writing the design specification for software developers
and testing the implementation.

The pedagogical concept of PILOT’s is based on the theoretical model of pro-
gressive inquiry (Muukkonen et al., 2004). Progressive inquiry is an iterative
learning process in which the teacher creates the context, assists learners in
setting up research questions, constructing working theories, evaluating their
theories critically, and searching for scientific knowledge. This leads to estab-
lishing new questions, developing new working theories, and gaining shared
expertise. The technical implementation of PILOT’s is influenced by the learn-
ing objects approach in late 1990s and early 2000s. The publication discusses
important issues in teaching with PILOT’s, such as the importance of authentic
context (Bransford, Sherwood, Hasselbring, Kinzer, & Williams, 1990; Christi-
ansen & Anderson, 2004) in editing and reusing PILOT’s.

The main contribution of Publication 1 to this dissertation is that it introduc-
es a number of themes that are present in each of the five design cases and also
partly in the publications as well. These themes include social constructivist
learning approaches, user generated content and scenario-based design meth-
odology (Carroll, 2000).

In the writing of Publication 1, I was responsible for describing the design
and development of PILOT’s. Teemu Leinonen assisted me with structuring
the paper and formulating the research problems. Sections relating to the ped-
agogical foundations and research problems were written together by us. The
other authors contributed to the design process of PILOT’s.

4.2 Publication 2: Information Architecture and Design Solutions
Scaffolding Authoring of Open Educational Resources

Publication 2 discusses the design of an online authoring tool for creating and
sharing open educational resources. The LeMill tool presented in Publication 2
was designed and developed in a large-scale European research project called
Calibrating eLearning in Schools (CALIBRATE) (2005—2008). After the end of
the CALIBRATE project we continued the development and dissemination of
LeMill within the context of local projects in Finland and in Estonia. In the
LeMill project, I played multiple roles. My main responsibility was the user
interface and interaction design of the LeMill tool. In order to understand
teachers’ needs, I run the participatory design sessions with the Estonian
teachers and carried out a large number of teacher training workshops in Es-
tonia and in several other countries. Also, I was active in testing the system
and documenting the defects.
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This publication continues the theme of digital learning resources that was
started in Publication 1. Instead of focusing on one very specific type of learn-
ing resource, it takes a wider perspective on how digital learning resources
could be co-authored and shared online. At that time, the focus of research in
technology-enhanced learning was shifting from learning objects to open edu-
cational resources. Publication 2 studies the question of how a web service
design can promote the use and creation of open educational resources. It de-
fines five design challenges that hinder the use of OER’s in European schools
and presents the design solutions that have been implemented in LeMill to
address these challenges. Theoretically, this paper deals with the design meth-
odology (Leinonen et al., 2008), social and legal issues related to the reuse of
OER’s (Moller, 2007; Schaffert & Geser, 2008), and topics related to learning
objects (Friesen, 2004; Parrish, 2004), learning object metadata (Duval &
Hodgins, 2004) and interoperability (Nilsson, Johnston, Naeve, & Powell,
2007).

Both, the Publication 2 and the LeMill tool both play an important role in
this dissertation. Publication 2 introduces the main theme of the dissertation
— open education. It also introduces the concept of the OER ecosystem, when
discussing tools and practices related to use of OER’s. The design solutions
presented in the paper illustrate the way in which we have relied on the ecosys-
tem thinking that sees the open Web formed from small pieces loosely joined
(Weinberger, 2002). Furthermore, Publication 2 introduces the research-
based design methodology (Leinonen et al., 2008) that has also been applied
in the later design cases.

In the process of writing Publication 2, I contributed mostly to the sections
that described the design process and the implementation of design solutions
in the LeMill software. I also wrote the section related to the licensing of
OER’s, created the concept map of LeMill and made minor edits to other sec-
tions.

4.3 Publication 3: Design and Evaluation of an Online Tool for
Open Learning with Blogs

Publication 3 presents the design and evaluation of an online tool for open
learning with blogs. Initial motivation for designing and developing the
EduFeedr tool came from an open online course that we organized together
with Teemu Leinonen in the spring of 2008 (Leinonen et al., 2009). The aim
of the course was to promote the use of open educational resources and LeMill.
The course was designed so that each participant used their personal blog to
reflect on the course topics. Our experience with using blogs in course context
led me to the conclusion that there is a need for a coordination tool that would
simplify the management of such courses and monitoring them. In the
EduFeedr project, I was the author of the original concept, interaction design-
er, manager of the project and software tester. The first prototype of EduFeedr
was launched in 2010. A number of publications were also written about the
initial design and implementation of EduFeedr (Poldoja, 2010; Pdldoja &
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Laanpere, 2009; Poldoja, Savitski, & Laanpere, 2010). Publication 3 explains
the reasoning behind the design decisions and discusses the results of an eval-
uation study in 10 courses that was carried out in 2013.

Publication 3 provides an overview of some of the recent research on using
blogs in online courses (Kim, 2008; Sim & Hew, 2010). It discusses some of
the critical issues in blog-based courses such as fragmented discussions, lack
of coordination structures, poor support for awareness and the danger of over-
scripting. The main aim of the paper is to study how and to what extent can an
online tool address these issues. The theoretical basis of these issues lies in the
coordination theory (Malone & Crowston, 1994), awareness (Carroll, Neale,
Isenhour, Rosson, & McCrickard, 2003) and pedagogical scripting (Dillen-
bourg, 2002). Publication 3 continues the theme of open education by relating
our work to the contemporary discussion about MOOCs (Fini, 2009; Kop et
al., 2011; Rodriguez, 2013).

The main contribution of Publication 3 in the dissertation is that it extends
the focus of the study from open educational resources to open learning envi-
ronments. Blog-based learning environments and the wider blogosphere are
discussed as examples of digital ecosystems.

I was the main author of Publication 3. My co-authors assisted me with for-
mulating the research questions, planning the evaluation study and discussing
the results of the evaluation.

4.4 Publication 4: Externalization of a PLE: Conceptual Design of
LeContract

Publication 4 presents the design process and the conceptual design of the
LeContract tool, which attempts to support the personal learning contract pro-
cedure. The motivation for designing the LeContract tool came from my expe-
riences in teaching open online courses. One of the challenges in these types of
courses is to keep learners motivated and goal-oriented. One possible ap-
proach to achieve this is to encourage learners to write learning contracts,
where they set their personal learning goals, resources and strategies needed
to reach the goals, and criteria to evaluate their performance. So far, my col-
leagues and I have asked learners to use their blogs for writing learning con-
tracts. However, having a special online tool would provide additional oppor-
tunities for writing learning contracts and connecting to other learners with
similar learning goals. I developed the idea of LeContract in 2010. The initial
idea was developed further in our discussions with my colleague Terje Viljata-
ga. I created the personas and scenarios, organized participatory design ses-
sions and developed a set of paper prototypes. However, LeContract is still in
the design phase and we have not started with the actual software develop-
ment.

The pedagogical concept of LeContract is based on the learning contract
method (Anderson et al., 1996). The pedagogical and technical implementa-
tions are both influenced by the personal learning environments approach
(Johnson & Liber, 2008). This approach allows learners to take control of their
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learning goals and their learning environment (Viljataga & Laanpere, 2010).
Technically, LeContract was designed as a piece of social software that allows
learners to connect with each other and to form a distributed learning envi-
ronment (Fiedler & Pata, 2009) in which learning contracts are embedded in
learners’ PLE’s.

The main contribution of Publication 4 for this dissertation is that it ad-
dresses some of the pedagogical issues related to open learning environments.
Also, it introduces the topic of self-assessment, that is developed further in
Publication 5.

As the main author of Publication 4, I was responsible for structuring the
paper, reporting the design process and presenting the conceptual design of
LeContract. Terje Viljataga wrote the introduction, proposed the structure of
the learning contract template and provided some insights into other sections
of the paper.

4.5 Publication 5: Web-based self- and peer-assessment of
teachers’ digital competencies

Publication 5 presents the design and evaluation of a web-based system for
assessing teachers’ digital competencies. The system called DigiMina (Digi-
talMe in Estonian) was designed and developed in 2011 within the framework
of the Estonian national development program for education sciences and
teacher education (Eduko). The rapid technological changes in society require
that teachers acquire new kind of digital competencies. Our aim in DigiMina
project was to develop an assessment framework and to design an online tool
that allows teachers’ to assess their digital competencies. In the DigiMina pro-
ject, I was responsible for leading the design and development of the software
prototype.

The paper compares a number of frameworks for digital competencies and
explains reasons for choosing NETS-T (National Educational Technology
Standards for Teachers) framework developed by the International Society for
Technology in Education (ISTE)(ISTE, 2008) as the most appropriate for the
Estonian context. The assessment framework is based on the previous studies
of competency assessment in the clinical context (Miller, 1990) as well as in
the educational context (Calvani, Cartelli, Fini, & Ranieri, 2008; Cumming &
Maxwell, 1999; Gulikers, Bastiaens, & Kirschner, 2004). The assessment
framework developed in Publication 5 is not focused strictly on open education
but in technology-enhanced learning in general. However, the design of
DigiMina follows the principles of openness and digital ecosystems.

The main contribution of Publication 5 for this dissertation is that it explores
how peer-assessment and public competency profiles could make the teachers’
professional development more open.

In Publication 5, I wrote the sections on the design methodology, conceptual
design, and software implementation of DigiMina. Also, I contributed to the
introduction, conclusions, and the validation study. The paper was structured
together with co-authors. My co-authors also wrote sections related to teach-
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er’s digital competencies and earlier studies on measuring digital competen-
cies.
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5. Tools Designed

The previous chapter briefly described the research publications included in
this dissertation. Each of the publications is based on the design process of one
specific online tool for supporting open education. This chapter will provide
more detailed descriptions of the tools designed. Understanding the design of
these tools is important for discussing the related design challenges, the role of
these tools in the open education ecosystem, and the design patterns that
could be identified based on these design cases.

The tools were designed and developed during the years 2004 to 2012. The
chronological timeline of design research is presented in Figure 6. During
2004—2007, the main design context was authoring and sharing platforms for
open educational resources. Two tools designed during this period were the
PILOT learning resource template and the LeMill platform for authoring and
sharing open educational resources. The PILOT template was integrated into
the LeMill platform. Between 2008 and 2010 the design context expanded
from OER to other open educational practices such as open online courses.
Two tools were designed during that time: EduFeedr for managing and moni-
toring blog-based open online courses and LeContract, for supporting the use
of the learning contract method. Organizing blog-based open online courses
with teachers revealed the differences in teachers’ educational technology
competency. During 2011—-2012, this led to the design and development of the
DigiMina platform for assessing teachers’ educational technology competen-
cies. After 2012 the focus of research shifted from developing individual tools
to studying how the designed tools form a digital ecosystem and identifying
recommended design patterns.
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Figure 6. Chronological timeline of design research

The designed tools reached a different level of maturity. Two of the designed
tools — LeMill and EduFeedr — gained a wider popularity among the teachers
and are still in use. The PILOT template was available for LeMill users be-
tween 2006 and 2010. LeContract remained as a design concept that was not
developed into actual software product. DigiMina software was developed and
evaluated in teacher trainings. For various reasons it was not taken into wider
use. Figure 6 also lists the research publications included in this dissertation.
Publications are added to the timeline on the years they were submitted and
accepted. In some cases the publications do not reflect the final design of the
tools as the design process has continued after submitting the publication.

5.1 PILOT

PILOT (Progressive Inquiry Learning Object Template) is a multimedia learn-
ing object template for supporting the use of progressive inquiry method. The
template is used to create multimedia clip consisting of a number of slides that
present the new topic. Each slide in the created multimedia clip has a voiceo-
ver recording in which the teacher is explaining the topic and background im-
age that helps learners to visualize the topic, and important keywords that are
displayed to anchor new knowledge. The final slide has a list of initial research
questions. After watching the PILOT multimedia clip, learners have an initial
idea of the topic they are going to study and are able to come up with addition-
al research questions that they are interested in.

The first prototype of PILOT was implemented in 2004 using Macromedia
Flash 7. The original idea was that it should be possible to use PILOT as a tem-
plate that teachers can customize according to their students’ needs. However,
editing PILOT’s with Flash multimedia authoring platform was not a feasible
solution for wider use of PILOT’s in schools, since Flash is a commercial piece
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of software and requires a certain level of skill to use. In 2006, it was therefore
decided to include PILOT as one of the learning resource authoring templates
in LeMill. The structure of the PILOT template is presented in Table 3. Each
PILOT has one or more content scenes and a final scene with research ques-
tions.

Table 3. Structure of the PILOT template

Element [ Scene element Explanation

Title Title of the PILOT resource
Short description Short description of the topic
Full description Full description of the topic,
typically script of the recorded
voiceover

Scene One or more content scenes
Background image Background image for the
scene

Voiceover audio Voiceover audio for the scene
Keywords Up to 3 keywords displayed
during the scene

Final scene

Background image Background image for the
scene

Voiceover audio Voiceover audio with research
questions

Research questions Up to 7 research questions
displayed in the final scene
and under the PILOT resource

The first version of PILOT authoring template was implemented in the LeMill
version 1.1 released in October 2006. It was available until the release of
LeMill 3.0 in November 2010. LeMill 3.0 was a major refactoring of the code
and the PILOT template was not included due to limited resources. During a
period of 4 years, teachers created 32 PILOT learning resources. The progres-
sive inquiry method is especially suitable for subject areas that engage stu-
dents in an in-depth inquiry. Therefore the most popular subject for PILOT’s
was biology, but there were also a number of PILOT resources for basic educa-
tion, special education, and other subjects. An example of PILOT with research
questions (in Estonian) is presented in Figure 725.

% Research questions in Figure 7 are in Estonian. The translation to English is as follows: Which kind of
forests have you visited? What is a forest? Why different types of forests grow in particular places? Which
layers of plants occur in forests? Which animals live in forests?
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Figure 7. PILOT movie with research questions

The PILOT player includes scroll bar that allows users to scroll to a specific
moment in the resource, thumbnail images that link to the beginning of each
scene, and a possibility to watch the movie in full screen. The PILOT resources
were intended for use in the Fle3 learning environment that had a special dis-
cussion area based on the progressive inquiry method. However, feedback
from the teachers revealed that in many cases PILOT resources were used in
the classroom to introduce a new topic and encourage students’ discussions.
There are also cases where students were involved in creating PILOT re-
sources. For example, a group of basic school students prepared a play based
on “Little Red Riding Hood” by Charles Perrault, took photos of the play, rec-
orded audio clips and compiled the PILOT resource.

5.2 LeMill

LeMill is a software tool and a web community for finding, authoring and shar-
ing open educational resources. The design of LeMill began in fall 2005 and
the first prototype was launched in May 2006. At that time, most of the learn-
ing object repositories were designed as database systems where teachers
could upload learning resources as files or add links to resources in external
sites. The design of LeMill was inspired by collaborative authoring platforms
such as Wikipedia and social networking services. The aim was to establish a
community of teachers who can collaborate on creating and improving learn-
ing resources. The design and development of LeMill lasted for a number of
years with the last major release being in 2010.

LeMill software was divided into four sections: content, methods, tools, and
community. The content section provided several templates for creating learn-
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ing resources, such as web page, presentation, exercise, lesson plan, school
project, and PILOT. The purpose of templates is to scaffold the authoring pro-
cess and achieve consistency between learning resources. In addition to using
these templates it was possible to upload media pieces (images, sound clips,
movie clips, Flash animations) and add references to external resources. To
enrich the possibilities of LeMill, it was possible to embed external content
into web pages and exercises. This allowed teachers to integrate various con-
tent such as videos, presentations, quizzes, interactive mind maps and time-
lines with LeMill resources. In order to enable remixing of content, all the re-
sources created inside LeMill were published under Creative Commons Attrib-
ution-ShareAlike license. The front page of the content section is presented in
Figure 8.

cs|delen|es|et|fil|fr|hulkal|lt|pl]|ptbr|ro]|rulse Hans  Log out
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Al (3435) <] loomade fotod ning sooteemade lingid.
taiendav...
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Type Georgian, Estonian, English, Russian, Lithuanian, ...
All (3435) ™
Subject areas
Date Foreign languages, Informatics or ICT, Mathematics, Natural sciences, Biology, ...
Any time ]
e cloud Target groups
2g cloy 10th grade, Sth grade, 11th grade, 12th grade, teachers, ...
Tags
english, calibrate, lemill, inglise keel, grammar, ...

About | Blog | FAQ | LeMill development site | Feedback / Report a problem

Figure 8. Front page of the content section of LeMill

To emphasize the importance of pedagogical practices with using open educa-
tional resources, there were separate sections for descriptions of pedagogical
methods and educational tools. Teachers were able to group together related
content, methods and tools into collections. With the collection, it was also
possible to write a teaching and learning story that provided pedagogical
guidelines and teacher’s reflection about using the collection. In the communi-
ty section, teachers were able to form groups and communicate with their
peers. The structure and main concepts of LeMill are presented in Figure 9.
Important design decisions behind LeMill are presented as design patterns for
collaborative authoring of OER’s in Section 6.2.1.
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Figure 9. Main concepts of LeMill

LeMill software was translated into 15 languages and used by teachers in a
number of countries. At the time of writing, there were 43,000 registered
members from 82 countries. All together, they have published 73,000 learning
resources in 88 languages. However, the majority of LeMill users are from two
countries where it has reached critical mass of members and content. Approx-
imately 70% of LeMill visitors are from Georgia and 15% from Estonia. The
remaining 15% is from all other countries.

5.3 EduFeedr

EduFeedr is an online tool for managing and following open online courses
where learners use their personal blogs. While the use of blogs has a number of
pedagogical benefits (Goktas & Demirel, 2012), blog-based learning environ-
ments lack a number of coordination features that are common in learning
management systems, such as enrollment in the course and the management
of assignments. The distributed nature of blog-based learning environments
makes it also more complicated to follow the discussions and be aware of up-
dates. EduFeedr aims to solve these issues.

EduFeedr software was designed and developed mostly during 2009 and
2010, some of the features have been added or improved later. EduFeedr fo-
cuses on providing platform for running open online courses. Any EduFeedr
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user can set up a course by specifying the location of the course blog and im-
portant dates (enrollment deadline, beginning and ending date for the course).
Learners can enroll to the course by submitting their blog address and e-mail.
Since EduFeedr is designed for open online courses, any learner who has a
blog on a supported blogging platform can enroll in the courses. Currently,
EduFeedr supports two of the most widely used blogging services — Word-
Press®® and Blogger?7.

Each course is divided into six sections. Course feed page displays the latest
blog posts and comments from course blog and learners’ blogs. Course info
page displays general information about the course. Participants page displays
a list of participants and provides combined RSS (Rich Site Summary) feeds
for all course blogs in OPML (Outline Processor Markup Language) format. A
logged-in facilitator can also access participants’ e-mail addresses and down-
load a list of participants in various formats (vCard for importing into address
book, spreadsheet for grading the assignments). In the assignments page the
facilitator can specify assignments and deadlines. Assignments are published
as blog posts in the course blog. Two last sections of EduFeedr display visuali-
zations based on aggregated data. Progress page visualizes submitted assign-
ments and social network page displays the social network between the learn-
ers. Connections mean that a learner has linked or commented another learn-
er. Course feed and progress pages are presented in Figure 10.

Digitaalsete Sppematerjalide koostamine 2013

Tourism English

Blog posts Comments

October 14,2013 October 14, 2013

liisamattas to Lisa Mattas

1w

October 13, 2013

Kertu to Kertu Nurmberg

Figure 10. Course feed page (left) and progress page (right) of EduFeedr

EduFeedr has been used in more that 80 courses. Most of the courses have
been organized in Estonia, but there are courses also from Spain, Portugal and
Finland. Most of the courses are formal higher education courses that are open
for external participants. The largest courses have had more than 60 partici-
pants, but the average number of participants is 20. All together, EduFeedr
has been used by a total of more than 1,700 learners.

% https://wordpress.com
z https://www.blogger.com
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5.4 LeContract

The fourth online learning tool discussed in this study is also designed in the
context of open online courses. It is different from other design cases since it
remained at the level of contextual design and the actual software prototype
was not developed. The tool named LeContract was designed to support the
use of the learning contract method in blog-based open online courses. Learn-
ers develop learning contracts to specify their personal learning goals, re-
sources they are planning to use, strategy to achieve their goals, and expected
outcomes to evaluate their learning. Learning contracts can be revised several
times during the study project, based on the guidance from the facilitator and
learners’ deepened understanding of their learning. At the end of the study
project, the leaning contract can be used for writing a personal reflection of the
learning process. So far, the author has used blogs for writing learning con-
tracts. However, with blog posts it is not complicated to store different ver-
sions of the learning contract and give feedback on the specific parts of the
learning contract.

LeContract was designed as an online social networking tool, which enables
learners to write learning contracts and connect to learners with similar goals.
In order to scaffold the process of writing learning contracts, the tool would
provide a template for learners. The structure of the default learning contract
template is presented in Table 4. Each section in the learning contract has
guiding questions that assist the learner in writing their learning contract.

Table 4. Structure of the default learning contract template

Section Guiding questions

Topic What is the topic | wish to learn about?

Purpose What is the purpose of my task? Why do | wish to learn about or learn to
do a particular task?

Resources What kind of technological, material and human resources do | need?
How can | get access to these?

Strategy How do | intend to go about learning this particular topic/task? What
action may be involved and in what order will these be carried out?

Outcome evaluation How will | know when | have completed the task/topic successfully? How
shall | judge success?

Reflection How well did | do? What has worked? What has not worked? Why? What
remains to be learnt? What are my strengths and what are my weakness-
es? What shall | do next?

Tags What do | want to learn? My main learning objectives as tags, separated
by commas.

LeContract would allow learners to create different versions of the learning
contract, thus making it possible to see how learners’ goals and strategies have
been refined during the study project. Comments given by the facilitator or
other learners are attached to the specific version of the learning contract. It is
possible to group learning contracts from the same study project by adding
them to the courses. There are no different user roles for learners and facilita-
tors and any LeContract user could create a course. Furthermore, LeContract
would allow the creation of additional learning contract templates for specific
purposes. The main concepts of the system are presented in Figure 11.

68



Tools Designed

Learners

write

Followers Following

[Learning contracts}

have

Comments

can be added to are categorized by are based on
L [Lea rning projects} [Lea rning contract templates]
are categorized by contain

Figure 11. Main concepts of LeContract

The social features of LeContract were designed to include learner profiles
that show all learning contracts written by the learner and a possibility to fol-
low other learners. Learning contracts are described with tags that make it
possible to connect learners with similar learning goals. It was also planned to
have a compact view of the learning contract that could be embedded to learn-
ers’ blog.

The conceptual design of LeContract is documented through various design
artifacts. Four personas describe the intended users of the system and their
goals. Five scenarios focus on typical use situations such as first experience
with LeContract, writing a learning contract, reviewing the learning contracts,
creating a new template, and browsing the learning contracts. A more detailed
description of the system is in a form of user stories and paper prototypes. The
design process of LeContract was carried out in 2010. In recent years there
have been several new developments that could influence the design of LeCon-
tract. It would be interesting to connect planning one’s personal learning with
open badges that could be earned for learning activities. Having a large set of
learning contracts together with revisions, comments and learners’ reflections
also opens up various possibilities for learning analytics.

5.5 DigiMina

Blog-based open online courses with teachers revealed that there are im-
portant differences in teachers’ level of digital competencies. This directed the
research towards assessment and recognition of competencies. In 2011 and
2012, the DigiMina tool was designed and developed for web-based assess-
ment of teachers’ educational technology competencies. Typically, competen-
cies are assessed using automated computer-based assessment. DigiMina took
a different approach by exploring how the assessment process could be made
more open by involving teachers through self- and peer-assessment.

The central feature of DigiMina system is a competency test that the users
can take. The structure of the competency test depends on the competency
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model that is used. The educational technology competency model for Estoni-
an teachers was based on ISTE NETS-T framework (ISTE, 2008). This compe-
tency model consists of 20 competencies that are divided into 5 groups. Each
competency is assessed on a 5-level scale, meaning that there are five assess-
ment tasks for each competency. When taking the competency test, users can
estimate their existing competency level and start with an assessment task on
that level. Depending on the result, they will be directed to another assessment
task on a higher or lower level.

DigiMina supports three types of assessment tasks: (1) automatically as-
sessed self-test items, (2) peer-assessment tasks, and (3) self-reflection tasks.
Contextual inquiry indicated that only part of the educational technology com-
petencies could be assessed with automated assessment tasks. Therefore, part
of the competencies is assessed through self- and peer-assessment. In case of
self-reflection tasks, the users will choose a description of competency level
that most appropriately describes their current knowledge and skills. Other
DigiMina users who have already completed that specific competency level
carry out peer-assessment tasks. Tasks must be created using an external au-
thoring tool that supports IMS Question & Test Interoperability2® specifica-
tion.

After completing the competency test for at least one group of competencies,
a competency profile will be generated for the user (see Figure 12). Teachers
can make their competency profile public and link it to their personal website,
social networking profiles or e-portfolio. It is also possible to create groups for
teachers from the same school, area or subject. Teachers who are not ready to
share their competency profile in public can make it accessible only for mem-
bers of the same group. Main concepts of the DigiMina system are presented
in Figure 13. Although DigiMina was designed in the context of educational
technology competencies for Estonian teachers, it could be used also in other
settings that have a competency model and a set of assessment tasks.

% https://www.imsglobal.org/question/
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A DigiMi
Competency Profile: Hans Példoja
About me: Research associate in the Institute of Informatics at Tallinn University
Homepage (URL): hitp:/
ePortfolio (URL): hitp

Taught Subjects: Educational Technology, Informatics
Groups: Centre for Edu

ndeley.com/prof

ans-poldoja/

I Facilitate and Inspire Student Learning and Creativity

1.1 Promote, support, and model creative and innovative thinking and inventiveness

1.2 Engage students in exploring real-world issues and solving authentic problems using digital tools and
resources

1.3 Promote student reflection using collaborative tools to reveal and clarify students’ conceptual understanding
and thinking, planning, net

1.4 Model collaborative knowledge construction by engaging in learning with students, colleagues, and others in
face-to-face and virtual environments

Figure 12. Competency profile page in DigiMina
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Figure 13. Main concepts of DigiMina

The prototype of DigiMina system was evaluated by a group of 50 teachers.
For the evaluation purposes, assessment tasks were prepared for one group of
competencies. In general, the teachers who participated the evaluation study
were satisfied both with the approach of combining self- and peer-assessment
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to assessing the educational competencies and with the implementation of the
prototype. However, the majority of respondents also believed that teachers
would need extrinsic motivation to use such a service (P6ldoja, Viljataga,
Laanpere, & Tammets, 2014). For a wider adoption at the national level, as-
sessment of educational technology competencies should be integrated into
teacher training programs.
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6. Results

The tools presented in the previous chapter are practical results of this study.
This chapter presents the theoretical outcomes of the study that have been
generalized from the design cases. These results respond to the three research
questions formulated in Section 1.5. With this study, my aim was to define the
main design challenges related to the open education ecosystem (Q1) and to
identify and recommend design patterns for addressing these challenges (Q2).
Furthermore, I have tried to recognize what kind of structure and components
are needed for creating the open education ecosystem (Q3). This chapter is
divided into three subchapters that address each of the research questions.

6.1 Design Challenges for the Open Education Ecosystem

The main design challenges related to the open education ecosystem are pre-
sented and discussed in three different contexts: open educational resources,
blog-based open online courses, and assessment and recognition of competen-
cies. The design challenges are categorized into three groups: pedagogical,
socio-cultural, and technical design challenges. It is important to note that
design challenges are always dependent on the context within which the design
and its results are intended to have an impact. It is not possible to provide a
complete and detailed list of design challenges related to the open education
ecosystem. The length of such a list would be infinite. Therefore, this disserta-
tion discusses the design challenges that were revealed during this study where
the focus has been on open education resources, blog-based open online
courses, and assessment and recognition of competencies. These challenges
are explained more in depth in the research publications included in this dis-
sertation. In addition to summarizing these, this chapter presents also some
additional design challenges that were revealed and generalized in the later
phases of the study and thus are not included in the publications. A total of
twenty-two (22) design challenges are reported in this dissertation.

6.1.1 Challenges for Open Educational Resources

The context of open educational resources was studied through two online
learning tools and services that were designed between 2004 and 2010 — the
PILOT learning resource template and the LeMill online community. The main
context for both projects was school education in European countries. The
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design challenges were identified through participatory design sessions with
teachers, researchers’ observations and literature review. Pedagogical design
challenges are related to supporting the use of new pedagogical methods and
assuring the quality of open educational resources. Socio-cultural design chal-
lenges are related to an assumption that the European teachers do not share
their learning resources and do not improve them in a collaborative way.
Technical design challenges identified in this study were related to the limita-
tions of existing learning object repositories and challenges related to localiza-
tion and reuse of learning resources. While a number of new the tools devel-
oped in the last decade have addressed many of the technical challenges, it
may be argued that the pedagogical and socio-cultural challenges identified in
this research remain unchanged.

Pedagogical design challenges

Challenge 1: Digital learning resources are mainly used for individual learning
and for presentations

In many cases digital learning resources are used by students for individual
learning (reading, looking, playing, quizzes) or by teachers in their classes
(presentations). It is a challenge to design OER tools and services that guide
teachers away from the acquisition of knowledge paradigm to the participation
and knowledge creation paradigms (Paavola et al., 2004).

Challenge 2: Scaffolding the use of new pedagogical methods

Adopting new pedagogical methods might also require new skills from teach-
ers and learners. One specific pedagogical method related to the PILOT project
was the progressive inquiry model (Muukkonen et al., 2004). As this model is
not well known among the teachers, it was a challenge to design the PILOTSs so
that they provide pedagogical scaffolding for teachers and learners who are not
acquainted with the progressive inquiry.

Challenge 3: Assuring the quality of collaboratively created open educational
resources

Collaborative authoring of open educational resources raises issues related to
assuring the quality of learning resources. In LeMill, any user may publish a
learning resource or edit an existing resource. It requires a critical mass of
active users in a certain language and subject area to keep an eye on the quality
of learning resources and make necessary changes. One specific area of quality
that presents problems is the area of copyright issues related to the use of third
party content such as images.

Socio-cultural design challenges

Challenge 4: Lack of collaboration and peer production of learning materials

European teachers are not used to sharing their learning resources with other
teachers. Often teachers think that their resources are not good enough for
sharing in public. Also, teachers are worried about copyright issues. Some
teachers would need external motivation to share their resources. Publishing a
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learning resource in the repository is an extra step that is often missed because
of lack of time. There is always a threshold for joining an online community
and starting to collaborate with other people. Most of the learning object re-
positories are designed for searching and publishing resources, not for collab-
oration.

Challenge 5: Lack of reuse, revising and remixing

It is not clear how much the resources from existing learning object reposito-
ries are actually reused by the teachers. Teachers who reuse and adapt existing
learning resources often do not share their revised versions again with the
teacher community. Reusing, revising and remixing of resources are related to
copyright. Depending on the license, certain actions may not be permitted or
certain resources may not be remixed with each other.

Challenge 6: Multilingualism

In the European Union, there are 24 official languages and a number of semi-
official and minority languages. This makes multilingualism a challenge for
sharing learning resources throughout Europe. The design of a multilingual
learning resource sharing platform should empower smaller language com-
munities within one repository. Providing translation tools may encourage
transferring good resources between the languages. Multilingualism also raises
challenges related to metadata, because resources may combine multiple lan-
guages. It is also important to identify resources that could be reused in differ-
ent languages without a need for translation (images, simulations, etc.).

Technical design challenges

Challenge 7: Providing localization and reusability while retaining authentic
context

Localizing learning resources does not mean simply translating the content
from one language to another. It is important that the learning resources pro-
vide authentic context for the target group. In the PILOT project, it was a chal-
lenge to design a template structure that would allow flexibility in localization,
so that the teacher could decide which textual content and media elements
should be edited or replaced in the localization process. From the technical
perspective, localization is also related to versioning of learning resources.

Challenge 8: Limited findability and poor usability

In the beginning of the LeMill project, limited findability of resources and poor
usability of learning resource tools were common issues. Two main options for
finding learning resources are using search forms and browsing resources by
metadata. Using only search forms limits access to the resources because users
can discover only results for their search queries. It is a challenge to design
meaningful browsing and recommendation structures based on metadata.
Poor usability was an especially critical issue with authoring interfaces. Most
of the authoring tools did not emphasize collaboration and social aspects.
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Challenge 9: Poor use of the underlying principles of the Web

In mid 2000s, many learning object repositories did not use the underlying
principles of the Web, such as openness and “linkedness” to the full extent. In
the context of learning object repositories, openness has a wider meaning than
open educational resources published under open licenses. Anyone should
have the possibility of joining the system, creating new learning resources, and
improving existing learning resources. Any resource, collection, and other im-
portant view in the system should have a unique and permanent link that can
be openly linked to.

6.1.2 Challenges for Blog-based Open Online Courses
Pedagogical design challenges

Challenge 10: Supporting learners with setting up their personal learning goals
and strategies

Personal learning contracts allow learners to describe their personal learning
objectives, plan the resources and strategies needed to achieve their goals, and
set up the evaluation criteria. While the use of personal learning contracts is
associated with improving learner motivation (Chyung, 2007), setting up a
personal learning contract requires certain scaffolding. Learners would benefit
from having a clear structure for the learning contract and access to good ex-
amples from other learners.

Challenge 11: Keeping the learner motivation throughout the course

Keeping learners motivated throughout the course is a common challenge in
open online courses. Typically, only a part of the learners who sign up for the
course actually start participating in the course activities. Open online courses
have also a relatively high rate of learners that drop out during the course. This
phenomenon has been described as the “funnel of participation” (Clow, 2013).
Reinforcing learner motivation is especially complicated when there are little
or no face-to-face meetings.

Challenge 12: The danger of over-scripting

The format of blog-based open online courses is more learner-centered than
typical online courses, therefore it is critical to find balance between pre-
defining the course activities and leaving control to the learners. Too rigid
structuring of course activities is known as over-scripting. Over-scripting may
disturb natural interactions and problem solving processes, increase learners’
cognitive load, emphasize teacher-controlled learning processes, and impede
learners from setting up and achieving their personal learning goals (Dillen-
bourg, 2002).

Socio-cultural design challenges

Challenge 13: Establishing and keeping the community gravity
The main socio-cultural design challenge related to blog-based open online
courses is creating and sustaining the community gravity (Viljataga et al.,
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2011). The concept of community gravity was first introduced in the context of
social networking sites, where it is used to measure how strongly a user is at-
tracted to a community (Matsuo & Yamamoto, 2009). As with pedagogical
challenges, community gravity can be increased both by the design of learning
tools and by instructional design.

Technical design challenges

Challenge 14: The fragmentation of discussions in blog-based courses

The structure of conversations in blog-based learning environments is differ-
ent to that of the typical learning management systems that have a single cen-
tral discussion area. In blog-based courses, the conversation is fragmented
between different blogs. Responses to interesting blog posts may be posted as
comments to the original post or as new posts in another blog. It is common
that participants visit certain blogs more often than others. Thus, some blog
posts and discussions may remain unnoticed. Therefore, there is a need for
central aggregation tools that would combine fragmented discussions.

Challenge 15: Lack of coordination structures for managing blog-based courses
Blog-based learning environments lack certain coordination structures that
are common in learning management systems. These features include enroll-
ment to the courses, management of assignments, overview of learners’ activi-
ty, and grading. Lack of these coordination tools increases the facilitator’s
workload in managing course activities.

Challenge 16: Lack of awareness support mechanisms

Coordination is related to awareness support mechanisms that are typically
implemented as notification systems or visualizations. In the context of blog-
based courses, there could be notifications of new participants, assignments,
blog posts, comments, and trackback links. Various visualizations could in-
crease learners’ awareness about their progress in the course and provide
comparison with other learners. Awareness mechanisms are also important for
facilitators in order to have an overview of the learning process and identify
learners who need additional support.

Challenge 17: Commenting and versioning of learning contracts

Currently, the learning contract method is used so that learners publish their
learning contract as a blog post in a personal blog. This limits how learning
contracts could be elaborated during the course and how others could give
feedback to the learning contract. When learners edit their existing learning
contract, only the latest saved version of the blog post would be visible. It
should be possible to create new versions of learning contracts so that what
has been changed and which sections of the learning contract have been edited
is clearly visible. Regarding commenting, it would be beneficial to have the
ability to add comments to specific sections of the learning contract.
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6.1.3 Challenges for Assessment and Recognition of Competencies

The third context examined in this study is assessment and recognition of
competencies. During the last decade there have been a number of socio-
technical developments that provide new opportunities for enhancing learn-
ing, but also require new kinds of digital competencies from the teachers.
Competency frameworks such as ISTE NETS-T address these new require-
ments for teachers’ digital competencies but do not provide standardized as-
sessment instruments. Authentic assessment is also related to a specific con-
text. This study was carried out with Estonian teachers. The main design chal-
lenges identified in the study are related to defining the performance indica-
tors and test items, opening up the assessment process, and finding a balance
between authentic assessment and limitations of computer-based assessment
tools.

Pedagogical design challenges

Challenge 18: Defining measurable performance indicators of all the compe-
tencies

ISTE NETS-T competency model consists of 5 core competencies which each
include 4 detailed sub-competencies. For assessing the level of competencies,
there is a need for more detailed performance indicators for each sub-
competency. Miller (1990) has proposed four levels for competency assess-
ment: (1) knows, (2) knows how, (3) shows how, and (4) does. With computer-
based assessment it is difficult to assess higher level competencies (shows how,
does). Therefore, a competency model should include performance indicators
on the “knows how” level on assessing applied knowledge for solving problems
and making decisions in specific contexts. In the context of the educational
technology competency model for Estonian teachers, it was decided to assess
each competency on a five-level scale. The resulting assessment rubrics should
contain 100 performance indicators (20 sub-competencies, each assessed on 5
levels).

Challenge 19: Defining test items for each performance indicator

For each performance indicator, there must be one or more test items that are
presented for the teacher who is assessing his/her educational technology
competencies. Depending on the performance indicator, these can either be
automatically assessed self-test items, peer-assessment tasks, or self-reflection
tasks. For making the assessment process faster, self-test items should be pre-
ferred whenever possible. Test items should present real-life problems, be
clearly understandable for the teachers, have a reasonable level of complexity,
and be situated in an authentic context.

Socio-cultural design challenges

Challenge 20: Encouraging peer-assessment

The possibilities of automated computer-based assessment are limited to cer-
tain types of tasks. Assessing higher-level competencies would require human
feedback. It is a challenge to design a system that would motivate people to
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give feedback to their peers. Related to this, it is important to guarantee the
quality of peer-assessment by requiring a certain level of competency from the
reviewers and involving multiple reviewers for each peer-assessment tasks.

Challenge 21: Making the competency data open

The level of ones’ skills and competencies is traditionally considered sensitive
information that is kept private. Sharing competency profiles inside a small
group (e.g. teachers from the same school) could open up possibilities for peer
learning. Expert teachers could make their competency profiles open for a
wider audience. Having open but anonymous competency data at the national
level would provide various opportunities for making policy level decisions,
planning teacher trainings, and performing learning analytics. It is a challenge
to design a system in which people could see the benefit of sharing their com-
petency information.

Technical design challenges

Challenge 22: Combining authentic assessment with limitations of online as-
sessment tools

Authentic assessment tasks should be implemented within the limitations of
online assessment tools. Gulikers et al. (2004) have proposed five aspects for
enhancing the authenticity of assessment: assessment tasks, physical context,
social context, form of assessment, and assessment criteria. The design of as-
sessment tasks and assessment criteria is directly dependent on the limitations
of the assessment tool. Online assessment tools could accentuate the social
context by providing some collaborative features. The form of assessment
could be made more authentic by including videos and simulations. The au-
thenticity of the physical context cannot be influenced directly by the design of
assessment tools.

6.1.4 Summarizing the Design Challenges

This section described 22 design challenges that were identified in five design
projects. Due to the focus of the projects, the design challenges were grouped
under three different contexts: collaborative authoring of OER’s, blog-based
open online courses, and assessment and recognition of competencies. Fur-
thermore, the design challenges were classified as pedagogical, socio-cultural,
or technical. The next section provides an overview of how these design chal-
lenges have been addressed. In the following text, design challenges are re-
ferred to with numbers C1-C22.

6.2 Design Patterns for the Open Education Ecosystem

Solutions to the design challenges discussed earlier are presented in a form of
design patterns. It was decided to identify design patterns separately in two
contexts — collaborative authoring of open educational resources and blog-
based open online courses. In both contexts, two of the designed tools (LeMill
and EduFeedr) were used for several years with a large number of people. This
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allowed observation of how the design solutions work in real life and the pro-
cess of making necessary changes to the design. Real life use also highlighted
how the designed tools are related to other tools and services that are used in
the same contexts. This allowed the identification of design patterns that posi-
tion design solutions developed in this study into a larger open education eco-
system. It may be considered that the third context — assessment and recogni-
tion of open competencies — is still emerging. Solutions such as open badges
are not yet widely used in education. Therefore, it was decided not to propose a
connected set of patterns for this context.

6.2.1 Collaborative Authoring of Open Educational Resources

A set of 12 design patterns is identified for collaborative authoring of OER’s.
Figure 14 presents a pattern network that shows connections between the pat-
terns. Alexander (1979, p. 314) gave inspiration to this visualization of pat-
terns.

Authoring template

Adaptations —» Draft

Translations _/‘

Single license

Embedding

Linkedness

Method descriptions Tool descriptions
\ Featured resources

Collection

l

Teaching and learning story

Figure 14. Pattern network for collaborative authoring of OER’s

A central pattern in this network is the AUTHORING TEMPLATE (1). Other
larger patterns that contain other patterns are METHOD DESCRIPTIONS (8),
TOOL DESCRIPTIONS (9), COLLECTION (10), and TRANSLATIONS (6).
There are certain similarities between the main concepts of the LeMill system
(see Figure 9) and the identified design patterns. However, some of the main
concepts of LeMill were too generic for developing into design patterns (e.g.

80



Results

learning resource). Also it was decided to focus only on these design patterns
that are specific for collaborative authoring of OER’s. This study does not dis-
cuss social software design patterns that are common for various online plat-
forms (user profile, dashboard, groups, tagging, etc.).

In pattern descriptions, I follow the format used by Alexander et al. (1977).
Each pattern starts with a short description of the context that specifies larger
patterns connected to this pattern. This is followed by a discussion of conflict-
ing forces and description of the recommended configuration. Finally, other
connected patterns are referred to. As this study has identified design chal-
lenges, each pattern also refers to the addressed design challenges.

Design Patterns

Pattern 1: Authoring template
This pattern deals with providing a clear structure for creating new learning
resources.

It may be difficult to start creating a new learning resource from the scratch.
Having a certain predefined structure for new learning resources would help
teachers to get started. A large collection of peer produced learning resources
would benefit from having a consistent structure and layout. Consistent struc-
ture contributes to the quality of learning resources. On the other hand, it is
important to achieve balance between predefined structure and flexibility for
the authors.

Therefore: The learning resource authoring tool should provide a set of
pedagogical templates that scaffold teachers and content producers in creating
new resources. LeMill provided six pedagogical templates for creating learning
resources: web page, presentation, exercise, lesson plan, school project, and
PILOT. Web page is a generic template while other templates provide a more
predefined structure. Authoring templates consist of different types of sections
that are called blocks in LeMill. For example, web pages in LeMill consist of
text blocks, media pieces and embed blocks. The exercise template has addi-
tional blocks for various question types. Templates may also scaffold the use of
new pedagogical methods, such as the PILOT template in LeMill.

This is a central design pattern, that is related to a number of smaller design
patterns. Learning resources based on authoring templates have a DRAFT (2)
status, support EMBEDDING (3) and LINKEDNESS (4), are published under
a SINGLE LICENSE (5), and could be developed into TRANSLATIONS (6) or
ADAPTATIONS (7). Two special types of authoring templates are METHOD
DESCRIPTIONS (8) and TOOL DESCRIPTIONS (9). As a central design pat-
tern, authoring template is addressing a number of design challenges: (C3)
assuring the quality of collaboratively created open educational resources;
(C4) lack of collaboration and peer production of learning materials, (C5) lack
of reuse, revising and remixing, and (C2) scaffolding the use of new pedagogi-
cal methods.
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Pattern 2: Draft

This pattern deals with distinguishing resources that are under development
from resources that are completed. Draft status is an attribute of certain AU-
THORING TEMPLATES (1).

When a learning resource is developed using an open online platform, each
saved version of the resources is accessible. It means that anybody may find
resources that are under development. On one hand it is good, since people
will see which new resources are currently under development. On the other
hand, finding incomplete resources might be confusing. Therefore it is im-
portant to make a clear distinction between resources that have been complet-
ed and resources that are under development. Also, some authors are not com-
fortable with showing their incomplete works.

Therefore: Incomplete resources should be clearly distinguished from
complete resources. In LeMill, this separation is implemented as a draft status.
All draft resources have a default cover image that shows the type of the re-
sources (web page, exercise, lesson plan, etc.). Draft resources can be either
public or private. Author names are not displayed on the resource page when
the resource is in draft status. However, the information about authors can be
accessed from the editing history. When the resource is ready for publishing,
the first author can publish the resource. During the publishing process the
author must choose or add a cover image for the resource. Published resources
can be easily distinguished from draft resources by having a cover image. Also,
author names are displayed with published resources. In search results, draft
resources are displayed only after published resources.

Draft status is addressing two design challenges: (C3) assuring the quality of
collaboratively created open educational resources and (C4) lack of collabora-
tion and peer production of learning materials.

Pattern 3: Embedding
This pattern deals with using external media content in learning resources.
Embedding supported in some AUTHORING TEMPLATES (1).

It is often not feasible for a learning resource authoring tool to provide a
large feature set and to support a wide variety of content types. It is common
that web sites focus on a specific type of content, e.g. YouTube focuses on mov-
ies and SlideShare on presentations. In many cases these web sites provide an
embedding code that allows the reuse of their content on other web pages.
From the authors’ perspective, there is a need to use a media content to enrich
their learning resources. In case the content is under copyright, they cannot
copy the actual content to their resource, but can use an embedded player that
plays the content from the original location.

Therefore: Limitations of the authoring tool can be addressed by enabling
users to embed external content from other online systems that provide an
embedding code. Examples of content that could be embedded include movie
clips, audio clips, presentations, maps, mind maps, interactive timelines, quiz-
zes, simulations, simple educational games and other types of resources. Good
examples of authoring tools that rely on embedding are blogging platforms
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WordPress and Blogger. LeMill allows embedding of external resources on the
web page and exercise templates.

Embedding is addressing two design challenges: (Cs5) lack of reuse, revising
and remixing, and (C9) poor use of the underlying principles of the Web.

Pattern 4: Linkedness

This pattern deals with making hypermedia connections between the re-
sources. Linkedness is supported by AUTHORING TEMPLATES (1) and COL-
LECTIONS (10).

Many learning resources in traditional learning object repositories have to be
downloaded for viewing and using (text documents, presentations, etc.). Also,
some repositories restrict access to resources only to logged in members.
LeMill took a different approach and limited its focus on web-based learning
resources that are openly accessible and can be viewed and edited using a
standard web browser. One of the main benefits of web-based resources is that
they can be linked with each other. Search engines follow links between the
resources and highly linked resources are more visible in search results.

Therefore: Learning resource authoring platform should focus on web-
based learning resources that are highly interlinked. Resources should be
openly accessible to anybody and have a permanent location that can be linked
to from any other web page. The design of the platform and community guide-
lines should encourage internal linking between the resources, so that there
are no dead-end resources. Some of the interlinking can be achieved automati-
cally. For example, authors’ name should link to a profile page, metadata fields
such as a subject area should link to a browsing page showing other resources
from that subject, etc. The authors should create other internal links such as
links to related resources manually.

This pattern addresses the limited findability (C4) and poor use of the under-
lying principles of the Web (C9).

Pattern 5: Single license

This pattern deals with legal issues related to combining learning resources
with each other. License is attached to all resources based on AUTHORING
TEMPLATES (1).

There are six different Creative Commons licenses and a number of other
open content licenses that could be used for open educational resources. It is
important to understand that when creating adaptations, not all works under
Creative Commons licenses could be combined with each other. The most lib-
eral license is Creative Commons Attribution license. Works under this license
may be combined with works under any other Creative Commons license when
creating adaptations. Works under Attribution and Attribution-ShareAlike
licenses are considered Free Cultural Works. Licenses that have Non-
Commercial or NoDerivatives restriction are considered non-free licenses. If
users are free to choose any of the six licenses for their works, it will result in
separate pools of content that cannot be combined with each other when creat-
ing adaptations.
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Therefore: Use a single license for all works created on the same authoring
platform. This allows users to combine different works into adaptations. The
choice of license is dependent on the requirements, but licenses acknowledged
as Free Cultural Works are preferred. LeMill uses Creative Commons Attribu-
tion-ShareAlike license for all learning resources created inside LeMill. The
same license is also used in Wikipedia.

This pattern addresses the lack of reuse, revising and remixing (C5).

Pattern 6: Translations
This pattern deals with translating learning resources based on AUTHORING
TEMPLATES (1) from one language to another.

In the European context, multilingualism is an important design considera-
tion. Learning resource sharing platforms should be designed so that they
support transfer of resources between different language communities. This
process should not be seen as a mere translation of resources, but localization
and adaption to another socio-cultural context. It is possible to allow a single
translation in each language or multiple translations that supplement each
other. In order to keep the focus of the community, it was decided to allow a
single translation into each language in LeMill. One of the issues that became
evident with translations was a large number of incomplete translations. Often
people started the translation process without completing the translation.

Therefore: Learning resource authoring tool should provide the ability to
translate existing learning resources into another language. When starting a
new translation, users should be able to specify the language of the translation.
Original text should be displayed next to the translation form. If a resource is
divided into separate sections, it should be possible to translate each section
separately. Partial translations should be initially saved in DRAFT (2) mode to
distinguish them from completed translations. Translated versions should be
linked to the original resources.

Translations are related to the DRAFT (2) pattern and address two design
challenges: (C6) multilingualism and (C7) providing localization and reusabil-
ity while retaining authentic context.

Pattern 7: Adaptations
This pattern deals with adapting learning resources based on AUTHORING
TEMPLATES (1) to a specific target group and learning context.

Adaptation of learning resources is related to the five ‘R’s of openness
(Wiley, 2014) discussed earlier in Section 2.2.2. These involve revising and
remixing of resources. Teachers should be able to revise learning resources
according to their learners’ needs and specific context. Also, it should be pos-
sible to combine several resources through remixing. Providing a flexible way
for making adaptations is a challenging task. Wiki-based online collaboration
platforms such as Wikipedia allow members to edit and improve a single in-
stance of the resource. Learning resources are different from encyclopedia
articles — there could be several alternative learning resources in the same
topic. A challenge with adaptations is that people would too easily create re-
vised versions that have very little differences with the original resource. On
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the other hand, it is also possible, that the adaptations could become improved
or significantly different from the original version.

Therefore: Learning resource authoring platform should provide the ability
to create adaptations (revised or remixed versions of the original resource).
New adaptations are initially in DRAFT (2) status. Adaptations should be
linked to the original resource. Original versions and significantly improved
adaptations should be displayed in a more prominent position than adapta-
tions with minor changes. In LeMill, users editing the resource are required to
identify whether they performed a major or minor edit.

Adaptations are related to the DRAFT (2) pattern and the design challenge
regarding the lack of reuse, revising and remixing (C5).

Pattern 8: Method descriptions
This patterns deals with sharing descriptions of pedagogical methods using a
simple AUTHORING TEMPLATE (1).

Teachers are not only looking for resources that could be used with students,
but also for good ideas regarding innovative learning activities, educational
practices and other pedagogical methods. Methods should be seen as generic
descriptions of activities that could be reused in different contexts.

Therefore: The learning resource authoring platform should provide tools
for describing and sharing descriptions of pedagogical methods. To emphasize
the importance of methods, LeMill included a separate section for method
descriptions. Adding method descriptions was made a straightforward process
by having a simple template for the textual description of the method. Similar
to learning resources, it was possible to create TRANSLATIONS (6) of method
descriptions.

Method descriptions are related to a number of smaller patterns. They can be
developed into TRANSLATIONS (6), added into COLLECTIONS (10), and
displayed under FEATURED RESOURCES (12). This pattern addresses two
design challenges: (C1) digital learning resources are mainly used for individu-
al learning and for presentations and (C2) scaffolding the use of new pedagogi-
cal methods.

Pattern 9: Tool descriptions
This pattern deals with a simple AUTHORING TEMPLATE (1) for sharing de-
scriptions of tools that could be used for teaching and learning.

Teachers use various digital and non-digital tools in their lessons, for creat-
ing learning resources and for communicating with other teachers, students
and parents. Learning resource platform would benefit from sharing descrip-
tions of these tools.

Therefore: The learning resource authoring platform should enable the
sharing of descriptions of educational tools. Tools could be seen as a third im-
portant component in addition to learning resources and methods, therefore
LeMill had a separate section for tool descriptions. Similar to methods, tool
descriptions were based on a simple template that had a textual description
and location of the tool. Also, it was possible to translate tool descriptions to
other languages.
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Tool descriptions can be developed into TRANSLATIONS (6), added into
COLLECTIONS (10), and displayed under FEATURED RESOURCES (12). This
pattern addresses the challenge that digital learning resources are mainly used
for individual learning and for presentations (C1).

Pattern 10: Collection
This pattern deals with presenting related resources in context. Collections
may contain learning resources, METHOD DESCRIPTIONS (8) and TOOL
DESCRIPTIONS (9).

There is a need for a simple way to combine and present related resources in
context. In the simplest case, teachers could group together learning resources,
tools and methods used in one lesson or one study project. Collections could
be also used for presenting resources dealing with the same topic as well as
resources created in the same teacher training or otherwise related resources.
Collections could enhance the findability of resources and highlight high quali-
ty content.

Therefore: The learning resource platform should enable users to create
collections. Users should be able to add to collections both their own resources
and resources created by others. It should be possible to rearrange the order of
resources added to a collection. In LeMill, the content, method descriptions
and tool descriptions are grouped together in a collection. It is also possible to
add other collections into a single collection. This is useful for creating a
course collection and separate collections for each lesson. All collections are
public.

Collections support LINKEDNESS (4) of resources and can be described
with a TEACHING AND LEARNING STORY (11). This pattern addresses the
following design challenges: (C2) scaffolding the use of new pedagogical meth-
ods, (Cs5) lack of reuse, revising and remixing, and (C8) limited findability and
poor usability.

Pattern 11: Teaching and learning story
This pattern deals with sharing experiences from using a COLLECTION (10) of
resources in the learning process.

In order to share best practices from using learning resources, teachers and
learners should be able to document their experiences. One approach is to add
comments to specific resources. Although LeMill had a commenting page for
each resource, this feature was not widely used. Another approach is to add
reflection to a collection of related resources. This would provide a more con-
textual way of sharing experiences.

Therefore: The learning resource platform should enable users to reflect on
their experience from using learning resources. In LeMill, it was decided to
connect these reflections to collections. The author of the collection can write a
“teaching and learning story” that describes her experiences from using a col-
lection of related content, method and tools in the actual learning setting. It is
possible to have only one teaching and learning story for each collection. The
story could be edited over time, if the teacher has additional tips to share. Col-
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lections with teaching and learning stories should be presented so that users
will easily notice them.

This pattern addresses two design challenges: (C1) digital learning resources
are used mainly for individual learning and for presentations and (C2) scaf-
folding the use of new pedagogical methods.

Pattern 12: Featured resources
This pattern deals with highlighting good learning resources, METHOD DE-
SCRIPTIONS (8) and TOOL DESCRIPTIONS (9).

Making good resources easily findable is a challenge for learning resource
sharing platforms that have a large number of resources. To address this chal-
lenge, one approach is to display featured resources that are recommended for
users. These recommendations could be either manually selected by the edi-
tors of the platform or automatically selected based on learning analytics
(number of times the resource has been marked as a favorite, added to collec-
tion, translated to another language, etc.). In LeMill, learning analytics was
preferred since the managers of the portal only understood some of the lan-
guages used. Depending on the amount of high quality resources, it should be
decided how personalized the featured content is. For example, it is possible to
personalize the displayed items based on users’ language, subject areas or lo-
cation.

Therefore: The learning resource platform should highlight high quality re-
sources. In LeMill, this is implemented as featured resources. The front page
of LeMill always displays a collection that has a teaching and learning story.
Front pages of the content, methods and tools section display three featured
content items, method descriptions or tool descriptions. The front page of the
community section highlights three active members of LeMill. The language of
the displayed resources is dependent on the user interface language that is
used for browsing LeMill.

This pattern addresses three design challenges: (C8) limited findability and
poor usability, (Cs) lack of reuse, revising and remixing, and (C3) assuring the
quality of collaboratively created open educational resources.

Summary
All of the previously described design patterns were identified by studying the
implementation of the LeMill tool. The only pattern that eventually became
problematic in actual use was ADAPTATIONS (7). It was implemented in a
way that allowed authors to lock their resource so that other people were only
able to edit copies of the resource. This resulted in a number of very similar
copies. Therefore it was decided to remove this feature from LeMill. However,
creating adapted versions is an important feature that should be carefully con-
sidered for the learning resource authoring platform.

These 12 patterns addressed all of the design challenges related to collabora-
tive authoring of OER’s. The mapping of design challenges and design patterns
is presented in Figure 15.
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Design challenges Design patterns

C1 Digital learning resources are P11 Teaching and learning story
mainly used for individual
learning and for presentations

P2 Draft
C2 Scaffolding the use of new
pedagogical methods
P8 Method descriptions

C3 Assuring the quality of
collaboratively created open P9 Tool descriptions
educational resources

P1 Authoring template
C4 Lack of collaboration and
peer production of learning

materials P5 Single license

C5 Lack of reuse, revising and

remixing P7 Adaptations
C6 Multilingualism P6 Translations
C7 Providing localization and P10 Collection

reusability while retaining
authentic context

P12 Featured resources

C8 Limited findability and poor
usability P3 Embedding

C9 Poor use of the underlying P4 Linkedness
principles of the Web

Figure 15. Mapping of design challenges and patterns for collaborative authoring of OER’s

As can be seen from Figure 15, certain design challenges have been addressed
more thoroughly than others in this study. These central design challenges
include (Cs) lack of reuse, revising and remixing, and (C2) scaffolding the use
of new pedagogical methods. Most of the design challenges are related to two
or three patterns, while two design challenges are only addressed by the
TRANSLATIONS (6) pattern.

These patterns can also be discussed from the digital ecosystems perspective.
Open educational resources can be seen as a niche in the open education eco-
system. In natural ecosystems, populations form niches in the microhabitats in
which they live. The OER niche consists of learning utilities (OER tools and
OER’s) and learning stakeholders. In a more narrow perspective, it is also pos-
sible to refer to the OER ecosystem as a stand-alone digital ecosystem. Howev-
er, OER tools are connected to other parts of the open education ecosystem
and the same learning stakeholders could also be active in other niches of the
open education ecosystem.
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As discussed earlier in Section 2.3.1, the essential characteristics of digital
ecosystems are interaction and engagement, balance, clustered and loosely
coupled relationships, and self-organization between the species (Chang &
West, 2006). These characteristics are all present in the patterns presented in
this chapter. AUTHORING TEMPLATES (1) frame the interaction possibilities
between the learning stakeholders who create OER’s. Interaction with other
OER tools and online platforms is achieved through EMBEDDING (3) and
LINKEDNESS (4). Patterns that contribute to achieving balance include
DRAFT (2) status for incomplete resources and a SINGLE LICENSE (5) that
enables remixing of content within one authoring platform and between other
online communities using the same license. Loosely coupled open educational
resources can be connected through COLLECTIONS (10) and LINKEDNESS
(4). OER authoring platforms also needs a certain level of self-organization.
For example, FEATURED RESOURCES (12) are based on learning analytics
data and users organize the resources into COLLECTIONS (10). Self-
organization is also needed for using features such as ADAPTATIONS (7) in a
way that benefits the development of the ecosystem.

In a similar way, other niches of the open education ecosystem could be de-
scribed through design patterns and discussed as a digital ecosystem. The fol-
lowing section presents a network of design patterns for blog-based open
online courses.

6.2.2 Blog-based Open Online Courses

Studying the solutions for coordinating blog-based open online courses also
resulted in 12 design patterns. The pattern network that shows the relation-
ships between the patterns is presented in Figure 16.
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Figure 16. Pattern network for blog-based open online courses

In this context, the design patterns describe not only software implementa-
tions but also pedagogical approaches for addressing the identified design
challenges. Two central patterns of this network are BEING OPEN FOR
LURKING (13) and REFLECTIVE ASSIGNMENTS (21). While the former em-
phasizes the open nature of the courses, the latter describes main learning ac-
tivities. Other larger patterns include OPEN ENROLLMENT (14), NICK-
NAMES (15), and PERSONAL LEARNING CONTRACT (17). Brief descriptions
of the patterns are provided in the following section.

Design Patterns

Pattern 13: Being open for lurking
This pattern describes the open nature of blog-based online courses.

Online courses that take place in traditional learning management systems
are typically accessible only for enrolled students. Also, many xMOOCs require
learners to enroll to the course to see learning resources and course discus-
sions. This limits learners access to the course, makes it more difficult to de-
cide if the course would comply with their learning goals, and artificially raises
the number of enrolled students. Having the ability to observe the learning
activities would also be helpful to other teachers who could use experiences
from open online courses as an initiative to improve their own courses.

Therefore: Open online courses should enable anyone to observe course
discussions and access learning resources without enrolling to the course or
logging in to the learning environment. In Internet culture, lurking is a com-
mon way of participating in online forums and other communities.
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This is a central design pattern that is related to smaller patterns such as
OPEN ENROLLMENT (14) and COURSE TAG (19) that is used in various
online platforms. Being open for lurking is a general characteristic of open
online courses that is not directly related to any of the specific design challeng-
es.

Pattern 14: Open enrollment
This pattern deals with enrollment in the courses. It is related to the possibility
of BEING OPEN FOR LURKING (13).

Blog-based open learning environments require a central coordination plat-
form for managing enrollment to the course. In a simple case, people interest-
ed in participating the course could add their blog addresses to a wiki page.
However, this requires a lot of manual work for subscribing to participant
blogs. In many cases blog-based open online courses are run as extensions of
formal higher education courses. It is possible, that too large number of infor-
mal participants would make it difficult to follow and support learners. It is
important to find balance between massive openness and a functional learning
community.

Therefore: Coordination platforms for blog-based open online courses
should enable open enrollment. The facilitator of the course should be able to
specify how long the course is open for enrollments. In a more advanced case,
the coordination platform might also distinguish between different types of
enrollments (formal participants, informal participants).

Open enrollment is related to two smaller patterns: learners should be able
to use NICKNAMES (15) and the list of enrolled participants should be able to
be copied as a BLOGROLL (18). This pattern addresses the lack of coordina-
tion structures for managing blog-based courses (C15).

Pattern 15: Nicknames
This pattern deals with privacy issues related to blog-based open online cours-
es. The use of nicknames is part of OPEN ENROLLMENT (14).

In blog-based learning environments, anyone can read the discussions that
take place in blogs. Typically learners write under their own name and blog
posts written during the course become part of their online identity. However,
this is not suitable for discussing sensitive topics. Also, some students do not
want their learning process to be found with search engines. One option for
these problems is to protect blog posts with a password that is known only to
the facilitator. Unfortunately, this limits the possibility for other learners to
read and comment on blog posts. Another option is to use a nickname that is
known for the facilitator.

Therefore: It should be recommended for learners to write under a nick-
name, if the course involves sensitive discussion topics. The nickname should
be known to the facilitator and depending on the context also for other learn-
ers.

Nicknames (or learners’ real names, if preferred) are displayed in BLOG-
ROLL (18). Other patterns related to the learners’ identity are ABOUT PAGE
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(16) and PERSONAL LEARNING CONTRACT (17). This pattern addresses the
challenge of establishing and keeping the community gravity (C13).

Pattern 16: About page
This pattern deals with introducing learners to each other. It is connected to
other identity-related pattern of using NICKNAMES (15).

Blog-based open online course may have a large number of participants that
do not know each other. One option to introduce learners to each other is to
write a blog post with a personal introduction. However, this post will soon
become hidden behind more recent posts. Also, learners often use the same
blog for several courses. This would result in multiple personal introduction
posts. Another option is to write a personal introduction on a page that is dis-
played separately from blog posts. The WordPress blogging platform has an
example page named About that is set up with every new installation.

Therefore: Learners should be guided to use the About page for writing
their personal introduction. This personal introduction should also include
their photo or avatar. As blog pages support embedding, this could also feature
a short video greeting from the learner. This pattern is named after a feature in
WordPress blogging platform. Some other blogging platforms may have a dif-
ferent place for writing a short personal introduction (e.g. sidebar and profile
page in Blogger).

This pattern addresses the challenge of establishing and keeping the com-
munity gravity (C13).

Pattern 17: Personal learning contract

This pattern deals with supporting learners to set up their personal learning
goals and strategies. It is linked to the other identity-related pattern of using
NICKNAMES (15).

Blog-based open online courses attract a variety of participants with differ-
ent goals. Learner-centered approaches are needed to keep learners motivated.
One possible method to engage learners in planning their personal learning is
to use learning contracts. Knowing learners’ goals helps the facilitator to direct
the course according to learner needs. Having a large set of learning contracts
would also open up possibilities for connecting learners with similar goals,
providing visualizations of learning contract data and performing learning
analytics.

Therefore: Participants should be encouraged to establish their personal
learning goals and strategies. This could be done through writing personal
learning contracts. The facilitator and other learners should be able to give
feedback to learning contracts. Learning contracts are typically elaborated and
revised during the course. At the end of the course, learning contracts are used
for self-evaluation. The tool used for writing learning contracts should support
versioning and commenting of specific parts of learning contracts.

The facilitator would write a SUMMARY POST (22) based on personal learn-
ing contracts. This pattern is related to two design challenges: supporting
learners with setting up their personal learning goals and strategies (C10) and
commenting and versioning of learning contracts (C17).

92



Results

Pattern 18: Blogroll
This pattern deals with providing access to other learners’ blogs. It is related to
two broader patterns: OPEN ENROLLMENT (14) and NICKNAMES (15).

In blogs, a common way of listing related blogs is using a links menu that is
displayed on the sidebar. This links menu is known as blogroll. In open online
courses, blogroll could be used for listing course participants and their blogs.
However, with a large number of participants, it is not feasible to manage the
blogroll manually.

Therefore: Blogroll should be used in course blog for providing access to all
participant blogs. The coordination platform for blog-based open online
courses should support keeping the blogroll updated. EduFeedr provides a
blogroll code, that could be copied to the sidebar widget in the WordPress
blog. A more advanced coordination platform could provide an embeddable
blogroll widget that is updated automatically.

Blogroll pattern addresses the lack of coordination structures for managing
blog-based courses (C15).

Pattern 19: Course tag

This pattern deals with annotating course-related resources in various online
platforms. It is related to a larger pattern about BEING OPEN FOR LURKING
(13).

In a typical blog-based open online course, a selection of other online plat-
forms are used in addition to blogs. Common examples include Twitter for
microblogging, SlideShare for presentations and YouTube for videos. Many of
these platforms allow users to describe published content with tags. It is possi-
ble to link to a page that lists all resources having the same tag. Some of the
platforms also provide RSS feed for each tag.

Therefore: The facilitator should suggest a course tag and guide partici-
pants to use this tag when publishing course related content in various online
platforms. The course blog should link to a tag page in commonly used online
platforms. In a more advanced case, a course coordination platform could also
aggregate new resources using RSS feeds.

Resources tagged with a course tag could be presented in a similar way as
AGGREGATED DISCUSSIONS (20). This pattern is related to the lack of co-
ordination structures for managing blog-based courses (C15).

Pattern 20: Aggregated discussions

This pattern deals with combining online discussions that are fragmented be-
tween different platforms. It is related to broader patterns such as REFLEC-
TIVE ASSIGNMENTS (21) and COURSE TAG (19).

One of the challenges of blog-based learning environments is the fragmenta-
tion of discussions. A coordination tool for blog-based courses could aggregate
blog posts and comments from the course blog. A simple approach would
mean displaying a fixed amount of most recent content. Depending on the
number of participants and activity of discussion, there may be a need for
highlighting certain posts or displaying only a selection of content. It is also
important to consider that some people prefer to use their own feed reader.
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Therefore: The coordination platform for blog-based open online courses
should aggregate new blog posts and comments from participants’ blogs.
EduFeedr displays aggregated posts and comments in the course front page. In
addition to displaying aggregated comments, the coordination tool should
provide RSS feeds that allow learners to use their preferred feed reader for
following course discussions. EduFeedr provides combined RSS feeds in
OPML format for all course blogs.

This pattern addresses two design challenges: the fragmentation of discus-
sions in blog-based courses (C14) and lack of awareness support mechanisms
(C16).

Pattern 21: Reflective assignments
This pattern deals with assignments in blog-based open online courses.

Assignments are more typically associated more with formal education ra-
ther than with informal learning. However, they provide a way in which to
frame the learning activities in blog-based courses. It is a challenge to come up
with assignments that prompt all learners to submit original and valuable ide-
as related to the same problem. Assignments that are too strictly defined may
compromise the originality of the learners’ posts.

Therefore: Blog-based open online courses should have an individual blog-
ging assignment with each major topic. Assignments should be posted with a
regular interval, typically weekly or bi-weekly. The nature of assignments
should encourage discovery learning, reflection and discussion. Often the as-
signment may consist of a theoretical and practical part, both of which should
be reflected in a blog post. Learners’ posts in blog-based courses should be
seen as an important part of the learning content.

As one of the central patterns, it is related to four smaller patterns. Learners’
blog posts submitted for assignments are displayed under AGGREGATED
DISCUSSIONS (20) and provide data for LEARNING ANALYTICS VISUALI-
ZATIONS (23). The facilitator will write SUMMARY POSTS (22) based on
learners’ work and use OPEN BADGES FOR ASSESSMENT (24). This pattern
addresses the pedagogical design challenge regarding the danger of over-
scripting (C12).

Pattern 22: Summary posts

This pattern deals with summarizing course topics. It is related to broader pat-
terns regarding REFLECTIVE ASSIGNMENTS (21) and PERSONAL LEARN-
ING CONTRACTS (17).

It is not realistic for the course facilitator to comment on all blog posts that
evoke thoughts. Also, the facilitator has to keep in mind that he/she should
create opportunities for discussion, not have a leading role in the discussion.
On the other hand, learners see comments and feedback as a motivating fac-
tor. Some simple ways to acknowledge learners’ for their blog posts is to like
good posts (feature available in WordPress) and to write a summary that con-
tains links to the best learners’ posts.

Therefore: The course facilitator should write a summary post for each as-
signment. This summary post should outline the main themes from the blog
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posts, cite interesting thoughts, link to the most active comment discussions,
and point out possible controversies or misunderstandings. When mentioning
specific learners, the summary should contain a link to their blog posts. The
course coordination platform could track links to learner blogs and use this
information for learning analytics and visualizations.

Summary posts address three design challenges: keeping the learner motiva-
tion throughout the learning project (C11), establishing and keeping the com-
munity gravity (C13), and the lack of awareness support mechanisms (C16).

Pattern 23: Learning analytics visualizations
This pattern deals with visualizing the data about REFLECTIVE ASSIGN-
MENTS (21) and other learning activities.

Blog posts, comments and links between the blogs provide an interesting da-
ta set that could be used for learning analytics and visualizations. Learners
would benefit from the possibility of being able to compare themselves with
their peers. Following a large number of participants is easier if it is known
which ones are still actively participating in course activities. The facilitators
would also benefit from identifying learners who are alone in the community
and might need support. As the learning activities in blog-based courses are
public, then the learning analytics based on this data could also be public. Pri-
vacy concerns could be addressed by other measures such as by using NICK-
NAMES (15).

Therefore: The coordination platform for blog-based open online courses
should provide learning analytics based on blog posts, comments and links
between the blogs. EduFeedr provides a progress visualization that displays
submitted assignments and social network visualization that is based on com-
ments and links between learners’ blog posts. All these visualizations are pub-
lic. Depending on the capabilities of the coordination platform there could be
various additional visualizations, as discussed in Poldoja et al. (2016).

This pattern addresses the lack of awareness support mechanisms (C16).

Pattern 24: Open badges for assessment
This pattern deals with assessment and recognition of learners’ competencies
acquired through REFLECTIVE ASSIGNMENTS (21).

Blog-based open online courses raise a number of assessment issues such as
private grading and recognizing the work of informal participants (Poldoja &
Laanpere, 2014). One solution for these issues is the use of open badges. A
badge scheme for the course should be developed so that it motivates learners
and provides a choice of learning activities. Badges could be awarded manually
by the facilitator or automatically based on learning analytics.

Therefore: Open badges should be used for assessing learners’ posts and
recognizing any achieved competencies in blog-based open online courses. In
order to distinguish exceptional works, there should be several levels of badges
(for example a “Gold” badge that is awarded for outstanding blog posts).
Learners should have multiple possible paths for doing the assignments and
acquiring badges. In addition to badges awarded for blogging assignments,
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there could be other types of badges for recognizing a learners’ contribution to
the course (activity in discussions, providing support for other learners, etc.).

The use of open badges for assessment is related to the following pedagogical
design challenges: supporting learners with setting up their personal learning
goals and strategies (C10), keeping the learner motivation throughout the
learning project (C11), and the danger of over-scripting (C12).

Summary

In the context of blog-based open online courses, only the technical design
challenges were addressed with patterns identified from the implementation of
the EduFeedr tool. EduFeedr supports OPEN ENROLLMENT (14), PRO-
VIDES BLOGROLL (18), AGGREGATED DISCUSSIONS (20) and LEARNING
ANALYTICS VISUALIZATIONS (23). Support for COURSE TAG (19) is partly
implemented; the actual aggregation of content from Web 2.0 platforms that
provide RSS feeds for tags is not implemented. Pedagogical and socio-cultural
design challenges were addressed with patterns that described pedagogical
approaches and the use of other online tools such as blogging platforms.

The mapping of design challenges and design patterns for blog-based open
online courses is presented in Figure 17. In this context, the central design
challenges were (C15) lack of coordination structures for managing blog-based
courses, (C16) lack of awareness support mechanisms, and (C13) establishing
and keeping the community gravity.
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Design challenges Design patterns

C10 Supporting learners with P13 Being open for lurking
setting up their personal learning
goals and strategies
P24 Open badges for
C11 Keeping the learner assessment
motivation throughout the course

P15 Nicknames

C12 The danger of over-
scripting P16 About page
C13 Establishing and keeping P22 Summary posts

the community gravity

P17 Personal learning contract
C14 The fragmentation of
discussions in blog-based

courses P21 Reflective assignments

P20 Aggregated discussions
C15 Lack of coordination
structures for managing blog-

based courses P14 Open enroliment

P18 Blogroll
C16 Lack of awareness support
mechanisms
P19 Course tag
C17 Commenting and versioning P23 Learning analytics
of learning contracts visualizations

Figure 17. Mapping of design challenges and patterns for blog-based open online courses

From the digital ecosystems perspective, blog-based open online courses have
certain differences when compared with OER authoring platforms. Whereas
collaborative authoring of OER’s takes place in a central authoring platform,
blog-based open online courses are organized in a distributed learning envi-
ronment that consists from a number of blogs and other online tools. Interac-
tion between the blogs and other online tools used in the course is achieved
through AGGREGATED DISCUSSIONS (20) and the use of a COURSE TAG
(19). In the context of blog-based open online courses, a balance must be
achieved between the learners’ different expectations, goals and contributions
to the course. BEING OPEN FOR LURKING (13) means that learners do not
have to enroll in the course if they only want to access the content or follow
course discussions. Encouraging learners to write PERSONAL LEARNING
CONTRACTS (17) and providing different learning paths through using OPEN
BADGES FOR ASSESSMENT (24) supports the balance between different
learning goals. Balance in the learning community can be also strengthened
through carefully written SUMMARY POSTS (22) that refer to the learners’
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blog posts. Blogs and blog posts are loosely connected through BLOGROLL
(18), AGGREGATED DISCUSSIONS (20), and SUMMARY POSTS (22). The
most obvious example of self-organization in blog-based open online courses
is open enrollment (14). Having public LEARNING ANALYTICS VISUALIZA-
TIONS (23) also contributes to learners’ self-organization.

Some of the patterns identified in the context of collaborative authoring of
OER’s could be also used in blog-based open online courses. For example, it is
possible to add external content to blog posts through EMBEDDING (3).
LINKEDNESS (4) is also a more general pattern that is used in many online
contexts. Design patterns identified in this study provide input for discussing
the general structure and components of the open education ecosystem.

6.3 The Structure and Components of the Open Education Eco-
system

Previous sections examined the design challenges and recommended design
patterns for two specific contexts of open education. These patterns ap-
proached open education as a digital ecosystem that consists of connected
online learning tools and various stakeholders. In order to successfully apply
these patterns, it is also important to understand the general structure and
components of the open education ecosystem. The Oxford English Dictionary
defines structure as “the arrangement and organization of mutually connected
and dependent elements in a system or construct” (“structure, n.”, 2014).
Structure and components are commonly used concepts when describing eco-
systems (Begon et al., 2006). Generally, the structure of an ecosystem is com-
posed of biotic and abiotic components that share relationships and influences
between them.

In Section 2.3.3, the open education ecosystem is defined as a learning eco-
system that consists of tools, services, resources and stakeholders who share a
common set of values. The core value that defines the extent of the OEE is
openness. The dissertation adopts the concept and representation of the learn-
ing ecosystem (Chang & Guetl, 2007; Giitl & Chang, 2008) as a basis for pre-
senting the structure of the open education ecosystem. The approach of these
researchers (elaborated in Section 2.3.3) defined the biotic components of the
ecosystem as learning stakeholders and abiotic components as learning utili-
ties. Conditions of the ecosystem were influenced by internal and external in-
fluences. The extent of the ecosystem was limited by the learning environmen-
tal boundaries. A simplified representation of the open education ecosystem is
presented in Figure 18.
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Figure 18. Simplified representation of the open education ecosystem (based on Gitl & Chang,
2008)

Design cases included in this dissertation focused on three contexts: authoring
and sharing platforms for open educational resources, blog-based open online
courses, and assessment and recognition of competencies. These three con-
texts identify the three types of learning utilities for the open education ecosys-
tem. Generally, these types of learning utilities could be defined as open edu-
cational resources, open learning environments, and open assessment ar-
rangements. Learning stakeholders include different people, organizations and
Internet communities who are using the learning utilities or influence the eco-
system in some other way.

This study is approaching the open education ecosystem as one global digital
learning ecosystem. In order to understand the extent of the OEE, its bounda-
ries must be defined more precisely. As stated earlier, the core value that limits
the extent of the OEE is openness. However, as the theoretical overview in
Section 2.2 demonstrates, openness in education can be understood from mul-
tiple perspectives. In this study, the learning environmental boundaries of the
open education ecosystem are defined through three characteristics: (1) open
access, (2) open licensing, and (3) open participation. At the very basic level,
there must be no-cost access that enables the reuse of educational content.
Open licensing enables revising, remixing and redistributing of educational
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resources. In addition to content, open education covers various educational
activities and practices. The general characteristic of these activities is free and
open participation. There are also situations where these boundaries may be
disputed. Is it an open educational resource that is published under a Creative
Commons license that does not allow the creation of derivative works? Nowa-
days, many courses that are called MOOCs provide only free participation and
access to learning resources, but the learning resources itself are not published
under open licenses. In that case it is possible to argue that learning activities
in the course belong to the open education ecosystem, but the educational re-
sources are outside the boundaries of the OEE. Behind the boundaries of the
OEE there are other digital learning ecosystems that are not based on the prin-
ciples of openness (e.g. xMOOC platforms, iTunes U29).

To discuss the internal and external influences on the open education ecosys-
tem, we must look more precisely on the learning stakeholders and learning
utilities that belong to the OEE. A better understanding of learning stakehold-
ers involved in the open education ecosystem can be achieved through the de-
sign process. As discussed in Section 2.4.1, design can be seen both as a pro-
cess and as a communication. This communication involves various stakehold-
ers that are described in design artifacts such as personas and scenarios. In
participatory design approach, these stakeholders are also involved in various
phases of the design process. A set of stakeholders can be derived from per-
sonas and scenarios developed in five design projects included in this disserta-
tion. Additional stakeholders were identified during the actual use of software
prototypes. However, it must be stated that this study does not provide a com-
plete list of learning stakeholders for the open education ecosystem. Designing
for different contexts of open education may reveal additional learning stake-
holders. A more detailed representation of learning stakeholders is presented
in Figure 19.

2 http://www.apple.com/education/itunes-u/
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The target group of online learning designed tools in this study includes teach-
ers and students from schools and from higher education. The OER tools
LeMill and PILOT were designed with a focus on schools, while EduFeedr and
LeContract were targeting higher education and life-long learning. DigiMina
was aimed at school teachers and teacher education students. Assessment of
teachers’ educational technology competencies is a complex issue that involves
additional stakeholders such as teacher trainers, educational technologists and
school administration, educational policy makers, and researchers. For OER
tools, professional content developers were also seen as possible contributors.
Schools, universities, educational policy organizations, publishers, funders,
and open Internet organizations are all organizations that can be seen as im-
portant stakeholders in the open education ecosystem. Thirdly, there are vari-
ous communities that are involved in shaping the open education ecosystem.
These include open source community, specific open content communities
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such as Creative Commons and Wikimedia communities, and a wider commu-
nity of amateur authors who publish their works under open licenses. Taking
into consideration the interests of various learning stakeholders is crucial for
achieving the balance and sustainability of the open education ecosystem.

The learning utilities part of the open education ecosystem includes tools
and resources that are used in various areas of open education. This study
identified three core areas of learning utilities: (1) open educational resources,
(2) open learning environments, and (3) open assessment arrangements. The-
se areas of learning utilities are presented in Figure 20.
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Figure 20. Learning stakeholders of the open education ecosystem

Open educational resources have been the main area of development in open
education. A number of repositories have been set up for sharing OER’s. There
are both special authoring platforms for OER’s and generic learning resource
authoring tools that are used for open education. LeMill and the PILOT tem-
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plate are examples of authoring tools. Several universities have set up Open-
CourseWare portals for distributing full courses. A lot of valuable content for
open education is developed in Wikipedia and other wikis run by the Wiki-
media Foundation. At higher levels of education, research publications are also
an important component of educational content. Outcomes of scientific re-
search can be published in open access journals and preprint versions of publi-
cations can be made openly available. In order to find and reuse resources
there is a need for search engines, interoperability standards, and open licens-
es.

Open learning environments are an area of the open education ecosystem
where open online courses and various other learning activities take place.
Tools used for setting up open learning environments include blogging plat-
forms, microblogging platforms such as Twitter, educational wikis, and other
social software tools. There is a variety of open source learning tools that could
be used in open learning environments. Depending on the way they are set up
and used, learning management systems such as Moodle could also be part of
an open learning environment. From the tools designed in this study,
EduFeedr belongs clearly to open learning environments. LeContract is related
both to open learning environments and to open assessment arrangements.

Open assessment arrangements include self-assessment tools that can be
used by the learners, competency frameworks, assessment tasks and task au-
thoring tools, and tools for creating, issuing, storing and displaying Open
Badges. DigiMina is a self- and peer-assessment tool that was implemented for
assessing teachers’ educational technology competencies. However, with a
different competency model and assessment tasks it could be used for as-
sessing other types of competencies. Assessment tasks published under open
licenses could be also considered as open educational resources.

The interoperability between the learning utilities is enabled by following the
standards and design principles of the open web. For example, blog-based
courses coordinated with EduFeedr may refer to learning resources published
in LeMill. These learning resources may include embedded media content
from other web sites. Information about new blog posts, comments or learning
resources is aggregated using RSS feeds.

In addition to specific learning tools, design patterns that these tools are
based on, can also be seen as components of the ecosystem. These design pat-
terns can be reused for addressing similar design challenges when designing
other learning tools for open education.

This structure of learning utilities can be related to earlier discussions on
tools and services for open education. In the early 1970s, Illich (1971/2011, p.
78-79) proposed the idea of learning webs that had four types of networks:
reference services to educational objects, skill exchange networks, peer-
matching networks for finding similar learners, and reference services to edu-
cators. LeMill and other OER tools can be seen as reference services to educa-
tional objects. DigiMina is an example of a skill exchange network that allows
teachers to create public competency profiles. LeContract should help learners
to find peers with similar learning goals. Illich’s idea of listing educators who
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are willing to offer their services has been realized in a form of open online
courses that are offered through various platforms, including EduFeedr. Wiley
(2015) proposed four parts for the open education infrastructure: open creden-
tials, open assessments, open educational resources, and open competencies.
In this thesis, open credentials (Open Badges) and open competencies are both
seen as part of open assessment arrangements. By listing these as separate
parts of the infrastructure, Wiley emphasized that the focus of research and
development should expand from OER’s to these areas of open education. No-
tably, Wiley’s interpretation missed open learning environments, the area
where the actual social learning activities take place.

Learning ecosystem conditions depend on internal and external influences.
These influences are related to design challenges described in Section 6.1. Typ-
ically, the design challenges cannot be categorized strictly as internal or exter-
nal influences. For example, challenges such as establishing the community
gravity (C13) and keeping learners motivated (C11) are influenced both by in-
ternal and external factors. Technical design challenges can be seen as internal
influences, when they are related to the tools used only for open education.
However, in many cases learning tools are used in different contexts. Chal-
lenges related to new pedagogical methods (C2) and competency frameworks
(C18, C19) can be considered as external influences. There are additional in-
ternal and external influences that are not identified as design challenges in
this study. These internal influences are related to business models and sus-
tainability of the ecosystem. External influences include also educational poli-
cies and funding.

6.4 Summary

This dissertation studied three areas of open education through five design
cases. The contexts studied include collaborative authoring of OER’s, blog-
based open online courses, and assessment and recognition of competencies.
In each design case, important design challenges were identified. As a first
result, this dissertation summarizes 22 design challenges for open education.
Secondly, this study focused on two contexts where the designed tools were
taken into long-term use by a larger group of teachers and learners. As a se-
cond result, 24 design patterns were identified for collaborative authoring of
OER’s and blog-based open online courses. These design patterns address the
design challenges identified in this study. The third result of the dissertation is
the conceptual model of the open education ecosystem. This model describes
the biotic and abiotic part of the ecosystem, its boundaries, and influences af-
fecting the conditions of the ecosystem. Three main types of learning utilities
in the open education ecosystem include open educational resources, open
learning environments, and open assessment arrangements. Both design pat-
terns and design challenges are also components of the ecosystem. The theo-
retical and practical value of these results will be discussed in the next chapter.
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7. Discussion

The final chapter discusses the theoretical and practical implications of this
study. Discussing the validity, reliability and limitations of the study provides a
critical assessment of the research outcomes. The chapter ends with providing
possible directions for further research.

7.1 Theoretical Implications

In recent years there has been a number of doctoral dissertations on open edu-
cation. The majority of these works approach open education from the theoret-
ical research perspective and focus on a specific area of open education such as
open educational resources (Algers, 2015; Kozinska, 2013; Porter, 2013), open
courses and learning environments (Meiszner, 2010; Spoelstra, 2015), and
economical issues (Liu, 2011; Ondercin, 2011). While some of these works in-
volve the design of pedagogical interventions for open online courses
(Meiszner, 2010; Spoelstra, 2015) and open educational resources (Algers,
2015), none of these works establish design research as the main approach for
studying open education.

My dissertation has combined design practice with theoretical design stud-
ies. Basing the study on interaction design projects has made it possible to
involve teachers, learners and other stakeholders from the early phases of the
design process to the actual use of the designed prototypes. Observing the ac-
tual use of designed prototypes has provided an important input for under-
standing how these tools relate to other components of the open education
ecosystem. Furthermore, focusing on different aspects of open education has
been important for recognizing the general structure of the open education
ecosystem. Thus, the value of this dissertation lies in taking a wider perspec-
tive on open education and studying it through the design practice.

The theoretical results of the dissertation contribute mainly to the field of
open education by providing a deeper understanding of the open education
phenomena in the era of digital ecosystems. Some of the results are valuable
also for other related fields of research. For example, some of the identified
design challenges and patterns may also be useful in other contexts of technol-
ogy-enhanced learning such as designing virtual learning environments.

Another theoretical result is in the area of design challenges for open educa-
tion. Although there are earlier studies about the design challenges for open
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educational resources (Conole & McAndrew, 2010) and MOOCs (Beaven,
Hauck, Comas-Quinn, Lewis, & de los Arcos, 2014), my research provides a
comprehensive set of design challenges. Current research on design patterns
for open education focuses mainly on pedagogical patterns for reuse of OER
(Conole, McAndrew, & Dimitriadis, 2011) and design of MOOCs (Hatzi-
panagos, 2015; Koppe et al., 2015; Lackner, Ebner, & Khalil, 2015; Littlejohn &
Milligan, 2015; Liyanagunawardena, Kennedy, & Cuffe, 2015; Mor & War-
burton, 2015). This study differs from the related work by providing a set of
patterns that cover both pedagogical practices and their implementation in
software.

7.2 Practical Implications

The results of this study provide practical value for designers and other stake-
holders involved in designing online learning tools for technology-enhanced
learning in general and open education in particular.

At first, this study helps in the understanding of complex and interlinked de-
sign challenges related to collaborative authoring of OER, blog-based open
online courses, and assessment of competencies. While every design context
has its own specific design challenges, the set of challenges identified in this
study provides guidance and examples that help designers to translate the
wicked problems common in technology-enhanced learning field to more spe-
cific design challenges in their design situation.

Design patterns about collaborative authoring of OER are valuable for inter-
action designers who design authoring tools, repositories and other software
for creating, sharing and reusing learning resources. While this study focused
specifically on open educational resources, many of these patterns are also
relevant for non-open digital learning resources. Several patterns that were
successful in LeMill have been later implemented in other online learning plat-
forms developed in Estonia (Koolielu3®, e-Koolikotts?), for example TOOL DE-
SCRIPTIONS (9), COLLECTION (10), and TEACHING AND LEARNING
STORY (11).

Design patterns about blog-based open online courses are valuable both for
interaction designers as well as teachers and instructional designers develop-
ing online courses. Open online courses applying the design patterns described
in this study end up to be as recipe books that allow other educators to learn
from good pedagogical practices and use them in their own courses. Design
patterns provide a structured way of documenting these practices.

The practical value for many teachers and learners are the actual online
learning tools designed and developed during this study. Two tools in particu-
lar — LeMill and EduFeedr — have been taken into a wider use. These tools
have not been designed to support teachers’ existing practices, but to influence
teachers in changing their practices towards more open and personal learning.
Therefore, this study has contributed to the educational change.

* http://koolielu.ee
3" https://e-koolikott.ee
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The results of this study are important also for policy making. Ecosystem
thinking would help policy makers to understand which learning stakeholders
should be involved in design and decision making processes, what are the
learning utilities needed to support open education, and how different compo-
nents of open education are related to each other. It is also necessary to think
about how open education fits into a larger digital ecosystem that is an im-
portant part of daily life for modern learners.

7.3 (In)validity and (Un)reliability

Academic research is assessed through qualities such as validity and reliabil-
ity. In a basic level, validity can be described as the degree to which a particu-
lar research instrument measures what it is supposed to measure (Cohen et al.,
2007, p. 133). Reliability means that two or more researchers studying the
same phenomenon should achieve compatible results when following the same
procedures with a similar group of participants in a similar context. Cohen et
al. (2007, p. 148) point out that in qualitative research the strict replication of
research procedures is sometimes problematic or even undesirable, thus relia-
bility cannot be approached in a same way as in quantitative research. This is
also true in design research. Fallman and Stolterman (2010) argue that it is
very unlikely that two designers would come up with exactly the same result,
even if they would have the same design context, materials, tools and users.
They dispute the fact that in case of design research, one could value the “inva-
lidity” and “unreliability” that comes from the creative design process and dif-
ferent ways of seeing things.

According to Fallman and Stolterman (2010), the three forms of interaction
design research (discussed in Chapter 3) should be assessed in a different way,
as each form of research has its own purposes, methods, internal logic and
outcomes. In design practice, the most important assessment criteria are the
relevance of the final design for the client and users — it has to be useful and
make sense. The process of design exploration is assessed by how well it opens
up critical and creative approaches that challenge the mainstream design solu-
tions. The degree to which the results can be generalized provides the assess-
ment of the design studies.

This study has used multiple approaches to achieve validity and reliability. In
order to increase the internal validity, the design cases involved in this study
have used multiple design researchers, involved participants as designers, and
applied peer-examination of research data, as recommended by Cohen et al.
(2007, p. 135). The design processes themselves involve multiple methods and
types of data, which has increased the validity of the design decisions. The use
of the triangulation of multiple methods and data sources, as discussed in Sec-
tion 3.2, supported the validity of the design studies phase.
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7.4 Limitations of the Study

This study has also a number of limitations that should be discussed. The long
time frame that was required to complete the study can be seen both as a limi-
tation and as an advantage. The design challenges for open educational re-
sources were identified a decade ago. Some of these challenges are not that
critical today, for example the usability of OER authoring tools has improved
(challenge 8). On the other hand, the long duration of the study helped to take
a wider perspective on open education and witness the rise of new areas in
open education such as open online courses and open badges.

The second limitation is related to the fifth design case about web-based self-
and peer-assessment of teachers’ educational technology competencies. The
DigiMina tool was not taken into wider use as the initial plans to integrate it
with the Estonian national education portal did not succeed. Therefore this
tool was evaluated only in a pilot study with 50 teachers and part of the as-
sessment tasks. Due to lack of real life use it was not possible to identify design
patterns for assessment and recognition of competencies.

Thirdly, the design patterns have not been validated in participatory design
workshops. Mor and Warburton (2015) have proposed the participatory pat-
tern workshop methodology, in which design patterns are developed in a col-
laborative way through a series of workshops. In my study, the participatory
design sessions were organized in the early phases of each design case to dis-
cuss and evaluate the scenarios about the designed tools. Successful design
patterns were identified and documented by me after the tools were taken into
actual use. Thus, the patterns are based on stakeholders’ feedback and end
users activities. Validating the patterns through participatory design work-
shops is one possible task for future research.

7.5 Recommendations for Further Research

This study covered a selection of topics related to open education, such as open
educational resources, open learning environments, and open assessment.
Having a wider perspective of the area studied opens up a number of possible
directions for future research.

As mentioned in the previous section, the set of design patterns developed in
this study could be validated through participatory pattern workshops with
various learning stakeholders. These workshops would also provide the possi-
bility of identifying additional patterns and extending the pattern language.

Regarding open educational resources, the most interesting direction for fu-
ture research is related to creating adaptations of OER’s. As discussed in Sec-
tion 6.2.1, the current implementation of the ADAPTATIONS (7) pattern in
LeMill was not successful. The increasing number of open educational re-
sources makes reuse an important issue. Thus, there is a need for flexible and
user-friendly solutions for adapting the learning resources to a specific con-
text.

With open learning environments, two possible future directions are related
to learning analytics and the danger of over-scripting. The current implemen-
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tation of EduFeedr had some basic learning analytics visualizations such as
learner progress and social network. However, detailed analysis of the aggre-
gated blog posts and comments opens up a number of additional possibilities
for learning analytics. Visual representation of this data provides awareness
support for learners and facilitators regarding their personal learning and on-
going learning activities. The danger of over-scripting in blog-based courses is
a more pedagogical issue that needs further research. Suitable pedagogical
practices for blog-based open online courses could be described as additional
patterns.

For me personally, the most interesting future direction is to move back to
the areas of design practice and design exploration. I am interested in explor-
ing the possibility of combining personal learning contracts, self- and peer-
assessment, and open badges. The future prototype of LeContract could pro-
vide a visual learning path in which learners can specify their personal learn-
ing goals and open badges that they plan to achieve. The assessment could
involve some aspects of self- and peer-assessment. Implementing such a sys-
tem in practice would make it possible to identify a set of design patterns for
open assessment.
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In most cases digital learning objects are used for individual
learning (reading, looking, playing, quizzes) or by teachers in
their class-room or online teaching (presentations). In PILOT
project we argue that learning objects should be designed and
presented in a special way in order to promote truly social
constructivist learning. The project is based on the concept of
progressive inquiry learning object templates (PILOTS).
These learning objects support progressive inquiry knowl-
edge building process in computer and database supported
Knowledge Building environments, found for instance in
Fle3 and IVA virtual learning environments. Design research
methods such as participatory design and scenario-based
design are used in the project to generate distributable and
reusable PILOTs. The developed learning objects will be test-
ed and evaluated by schools, teachers, and their pupils.

PEDAGOGICAL FOUNDATIONS

In most cases learning objects are used for individual learning (reading,
looking, playing, quizzes) or by teachers in their teaching (presentations).
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For example in ARIADNE knowledge pool system, the majority of learning
objects are narrative texts, excercises, hypertexts, and slides (Najjar, Ternier,
& Duval, 2003). At the time of writing only 1.4 % of more than 4,400 exist-
ing learning objects in ARIADNE were described as project statements,
which means that they are most likely based on constructivist pedagogy.

In UIAH Media Lab our views are based on the social constructivist the-
ory that sees learning as the participation in social processes of knowledge
construction. We have developed the Fle3 learning environment (see
http://fle3.uiah.fi), which is designed for social constructivist learning. The
environment contains three learning tools: WebTop, Knowledge Building,
and Jamming. WebTops can be used for storing different items (files, links,
notes). With the Knowledge Building tool groups can carry out knowledge
building discussions to debate on the given context and build their own the-
ories. Jamming tool is used for collaborative design and construction of dig-
ital artefacts (images, sound, etc.) (Leinonen, Kligyte, Toikkanen, Pietarila,
& Dean, 2003). The tools originally created in Fle3 are present also in IVA
learning management system (see http://www.htk.tlu.ee/iva/), which was
developed based on Fle3 source code in Tallinn University (Laanpere, Pol-
doja, & Kikkas, 2004).

The main tool of Fle3 is Knowledge Building, where discussions can be
carried out with different thinking type sets. These are sets of labels with
associated instructions for structuring the discussion process towards a
process that the thinking type set tries to support. The most commonly used
thinking type set in Fle3 is progressive inquiry. In progressive inquiry stu-
dents can choose the the proper knowledge type for their note from five
knowledge types (Figure 1).

The progressive inquiry pedagogical model was developed in the depart-
ment of psychology, at the University of Helsinki. It is a model of learning
where students are encouraged to engage in the process of question and

Teroblem

Hans s
Vesilinnut 17:14 2005-01-25
Ma haluan tieda, miksi kosteikoilla on niin paljon vesilintuja?
Liminganlahti
seled « knowledge type JAdd note

y 3] "

Problem

g Scientific Explanation STV RS NI TTATTYN MY YT TR

Evaluation of the Process
Summary

« T problem) VEsAnGE / fleadmin / Today

L

Figure 1. Choosing the knowledge type in Fle3 Knowledge Building
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explanation driven inquiry (Muukkonen, Hakkarainen, & Lakkala, 1999).
As a method of teaching and learning this means that the pupils are encour-
aged to make their conceptions of the topics studied explicit, and then the
study group works together to improve the presented ideas and explanation.

The conceptual framework of progressive inquiry is often presented
(Muukkonen et al., 1999; Hakkarainen, Lonka, & Lipponen, 1999) as six
steps that loosely follow each other. The steps are:

1. creating context,

. engaging in question-driven inquiry,
. generating one’s own working theories,
. critical evaluation of knowledge advancement,

. searching new scientific information, and

AN L AW

. engagement in deepening inquiry.

All six aspects of inquiry are shared with fellow inquirers. The aim of the
process is accumulation and deepening of knowledge of all the pupils. As
the students are encouraged to start the process with some open-ended
research questions that are driving the inquiry, pupils may present with the
help of their teacher questions that are suitable, challenging, and motivating
for them.

THE DESIGN RESEARCH PROBLEMS

The use of Fle3 and IVA in classroom learning has shown that the envi-
ronment would be easier for teachers to exploit if there are ready-made con-
tent packages that frame the context and give a starting point for the pro-
gressive inquiry process. The idea of the ready-made content is not to pro-
vide material that students should study in a traditional manner, but to open
problems and questions that the students want to solve during the inquiry
study process. The content should generate desire to present their own
hypothesis on the topics and find out scientific information on them. This
way the ready-made content may help teacher and pupils carry-out the first
two steps of the progressive inquiry and give some hints to the third one.

The design problems of the research are:

* How is progressive inquiry supported with ready-made rich media con-
tent packages (LO’s)?

* How should the ready-made rich media content package be?

* How is easy localization and reusability provided while retaining
authentic context?

* What are the general features of the package?
» Would the package help teachers and pupils, who do not yet know the
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progressive inquiry model very well to use it in their teaching and learn-
ing practice?
The design research is looking for answers to the questions by building
up concepts and developing prototypes of a package. In the following sec-
tion we will present the concept and the prototype developed.

DESIGN AND DEVELOPMENT OF PILOTS

Our concept is called progressive inquiry learning object templates
(PILOTs). PILOTs are the ready-made content packages made to facilitate
progressive inquiry learning inside virtual learning environment. The word
template emphasizes the reusability (using, editing, modifying, and sharing)
of learning objects. The teacher is able to change the learning object before
starting the context. PILOTs can be seen as a metaphor for guiding the
knowledge building process.

The aim of the PILOT project is to develop several content packages for
use in secondary school level. The learning objects are developed in coop-
eration between UIAH Media Lab Learning Environments research group
and the Uusimaa Regional Environment Centre on the topic of wetlands.
The school subject where PILOTSs is primarily planned to be studied is biol-
ogy or geography, but can also be used in environmental education study
projects that are integrating several school subjects. There is a plan to trans-
late the example PILOTs from Finnish to Estonian and create an English
masterfile for future localizations.

The design process was carried out by the principles of participatory
design by thinking and discussing among the design team about the scenar-
ios of the possible use of the PILOTs in a primary school education. Our
context scenario is a concrete story of use. The strength of scenario-based
design lies in it’s ease and accessibility. It does not require any special
knowledge to understand a scenario. Scenarios are easy to change, they
evoke discussion, and raise various questions (Carroll, 2000). The scenario
was shared among the design team members to reflect and clarify the con-
cept (Figure 2).

The project is done in close cooperation with the existing learning tech-
nology standard development, which is important in the context of PILOTs:
IEEE Learning Object Metadata standard, IMS Content Packaging, and IMS
Learning Design specifications. The aim of the IMS Learning Design Spec-
ification is to prescribe various activities for learner and staff in a certain
order. It can be seen as the lesson planning for e-learning. The description
for the wetlands learning event was developed on IMS Learning Design
Level A (IMS, 2003). It describes a six week learning event, in which the
PILOTs are used (see Figure 3). IMS Learning Design is designed to work
together with IMS Content Packaging, because Learning Design itself does
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According to the national educational curriculum, the six-grade teacher is starting
a course in her classroom on wetlands. The course should have a perspective of
environmental conservation and lead student to understand what are the wetlands
and why they are important. Teacher is an expert of progressive inquiry learning
method and has been using Fle3 with her students for several years. She starts the
planning of the course by searching from Internet ideas on how to organize the
course with her students. With search engine she finds from the learning material
database of the Finland’s Environmental Administration a PILOTs with a title "wet-
lands". She looks for the description and realise that it could be a suitable for her
needs. As the PILOTSs is offered by the Environmental Administration she may trust
that it is well designed and contains valid information. She downloads the PILOTs
in her own computer and brings it to her Fle3. She takes a closer look of the con-
tent of the PILOTs inside Fle3, makes some minor editing to some ready-made
research questions of the PILOTs. Now she is ready to use the PILOTSs. She starts
the course with her students.

Figure 2. Scenario of the use of PILOTs in a six-grade
environmental education

not specify information about the content. The use of PILOTs as content
packages has not been implemented yet in Fle3.

Based on the scenarios and learning design description we started to
design the first prototype of PILOTs. The main content of PILOTs, the
knowledge building context, were written in cooperation with environmen-
tal experts and pedagogy experts. The texts were refined in several itera-
tions. Context has a title, short description, and a long description. When the
contexts were ready, short scenarios were written to describe the multimedia
part of PILOTs. It was expected that a teacher will shortly describe the topic
before launching the PILOTs, therefore long description of the context was
used as a voiceover text in the scenarios. The voiceover texts were divided
into three or four parts. Important keywords from the voiceover text were
highlighted and relevant photos selected for all the parts.

Technically multimedia part of PILOTs was implemented in Macromedia
Flash 7. Flash was used for multimedia content because it is the most popu-
lar browser plug-in for rich media playback. Recent studies show that 98.0%
of web users have Flash Player installed (Macromedia, 2004). According to
the scenario the most important keywords from the voiceover text are dis-
played in the movie. It is possible to navigate between the different parts of
the movie and see the timeline. At the end of the movie all the ready-made
research questions are displayed on the screen (Figure 4).
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The Wetlands
Introduction

The Wetlands is designed as a six-week progressive inquiry learning event (2 lessons in a
week) for students at the age of 13-15.

The learning event has three main phases:
1. Finding out what is a wetland? ("Kosteikko - maan ja veden vélissd")
2. Studying different kind of wetlands and their differences ("Suo sielld, kosteikko tadlla")
3. Why wetlands are important? ("Kosteikossa kuhisee")

These three main phases are also the contexts in the Fle3 Knowledge Building.
The resources and facilities needed include:
e Content:

- Aims and Objectives of the learning activity itself.

- Short and full descriptions of the course contexts.

- Ignition questions, which aim is to help to get the KB on the run
- Multimedia PILOTSs of the course contexts

* Tools:

- Learning environment with Knowledge Building tool.
- Image processing software

- Pen and notebook

- Microscope

- Binoculars

- Ph test kit

- Rubber boots

- Recording equipment

e Communications:

- Small groups and classroom discussions
- Knowledge building discourse
- Presentations

PILOTs is the new type of learning object developed to introduce the topic and to encourage
the Knowledge Building discussions.

The basic sequence of the learning event is:

1. Introduction to the wetland’s topic
a. Multimedia "teaser" about the wetlands in general
b. Classroom discussion about the wetlands
¢. Introduction to progressive inquiry learning
d. First progressive inquiry session in KB

2. Different types of wetlands
a. Multimedia "teaser" about the wetlands in general
b. Classroom discussion about the wetlands
¢. Introduction to progressive inquiry learning
d. First progressive inquiry session in KB

3. The biodiversity of wetlands
a. Multimedia "teaser" about the wetlands in general
b. Classroom discussion about the wetlands
¢. Introduction to progressive inquiry learning
d. First progressive inquiry session in KB

Figure 3. The IMS Learning Design description for wetlands learning
event (Level A)
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Figure 4. Research questions displayed at the end of the movie

In the first version, voiceover and images were linked to the main movie,
which made it possible to start the playback as soon as the main movie was
downloaded. The main drawback of this solution was impossibility to guar-
antee, that the voiceover text will be exactly synchronized with the key-
words, which were displayed only for a short period of time. In the second
version voiceover and images were included to the main file. Typical dura-
tion of the movie is around 2 minutes and size between 500...700 KB.

The PILOTs approach emphasizes the modularity, reusability, and dis-
tributability of learning object templates. With PILOTs teacher can build up
a progressive inquiry course framework by bringing different kind of
PILOTs to the one course. Currently this is possible by inserting the PILOTs
text to Fle3 knowledge building context and adding a link to the Flash
movie. Teachers can also save the PILOTs movie from the web, upload it to
their Fle3 webtop and point the link in knowledge building to the webtop. It
is also possible to make ready course frameworks, which already include
context texts and movies. The administrator can export and import those
courses in XML format, which is compatible with Educational Modelling
Language. In the future we plan to change Fle3 Knowledge Building so, that
it becomes possible to export/import individual PILOTs (both text and mul-
timedia part) as content packages.
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Editing, Localizing, and Reusing PILOTs

The main idea behind teaching is to offer students learning material in an
appropriate context. The awareness of learning context in a learning situa-
tion is not a new idea, but researches rarely pay attention to the framework
of learning contexts or activities and emphasize more on content, neglecting
context (Afonso, 2002).

From a pedagogical point of view incompatible context proved to be a
serious problem (Christiansen & Anderson, 2004). According to the instruc-
tional design, context is crucial to provide sense and structure to content
(Afonso, 2002). Contextualized learning material helps students catch the
meaning and deep understanding of the concept, procedure, information, or
skill that learners are required to learn (Martin, 1998).

The PILOT model forestalls the critical issues in terms of contextualizing
learning objects. Referred to the technology-based anchored instruction,
PILOTs consists of a similar idea by setting up an authentic learning context.
Anchored instruction was developed by the Cognition and Technology
Group at Vanderbilt and stresses the importance of placing learning within a
meaningful context (Bransford, 1990).

Learning objects with provided pedagogical context enable reuse of
objects, as it also becomes possible for the teacher to modify the learning
methods according to the other contextualized issues such as learner group,
background, and so forth (Wilson, 2001).

PILOTs can be modified and edited according to the target group and
objectives of the lesson by localizing the content and providing an appro-
priate learning context without needing to modify the original template of an
object. Editing PILOTs does not mean that teachers have to know how to use
Flash or other multimedia authoring tools. In most cases the teacher will edit
only the text part of PILOTs. It must be seen as a template for the progres-
sive inquiry context, not the ready-made learning object.

CONCLUSIONS

PILOT is currently work-in-progress. The first rich media content
PILOTs have been developed and internally tested in the design team.

The development process has shown that participatory design and sce-
nario-based design methods, which include experts from different fields is
suitable for developing this kind of learning objects. The design research
still requires evaluation and iteration of the first prototypes.

More research is needed on testing PILOTs with teachers. First, the
research should look for teachers’ ways of taking the PILOTs in use, ways
of editing and improving them, and testing how the improvements could be
shared among other teachers. Second, research should focus on the actual
use of the PILOTs among the pupils. Do the pupils find it easier to adapt in
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the progressive inquiry process with PILOTs or do PILOTs actually lead stu-
dents to a process that is no more progressive inquiry within their own fram-
ing of the topics under study. In this case learning process may end up being
only simple gathering of information to find answers to the ready-made
questions without deeper cognition and regulation of the groups’ work.

The evaluation of PILOTs in school lessons was planned for Autumn
2005. Additional information and the rich media part of example PILOTs are
available on the project homepage: http://fle3.uiah.fi/pilot/
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Information Architecture and Design
Solutions Scaffolding Authoring
of Open Educational Resources

Teemu Leinonen, Jukka Purma, Hans Pdldoja, and Tarmo Toikkanen

Abstract—This paper presents the open learning object repository and collaborative authoring platform LeMill (http://lemill.net), which
has over 7,500 members and over 8,500 reusable learning resources (situation in October 30th, 2009), all created by the community
members. The design of LeMill has tackled numerous challenges that hinder the authoring and sharing of educational resources by
communities of teachers. This paper describes the research-based design process that was used to solve these challenges. The
information architecture of LeMill scaffolds authors toward collaboration and sharing. The licensing scheme encourages reusing and
remixing of educational content. In order to make LeMill easy to learn and use we have avoided technical terminology and complicated
metadata forms in the user interface. As an open community we have also tackled multicultural and multilingual issues. In this paper,
we present the information architecture and design of LeMill, including the technical solutions. We believe that our design solutions will
contribute to the goal of creating an open educational resource ecosystem.

Index Terms—Computers and education, social learning techniques, social networking, user-centered design, user generated

learning.

1 INTRODUCTION

HERE is something deceptively simple in open educa-

tional resources (OER). Almost anything can be used as
an educational resource [1] and anything that is offered for
free and without major social or economic expectations can
be understood to be open. It can look like the internet is full
of open educational resources, ready for teachers to adopt
and to use. In reality, this doesn’t seem to happen. To get
people to use open educational resources, there have been
projects to define, package, and share them. Currently,
research in educational technology has proposed several
definitions on what OERs are [2], [3], there are some
generally shared standards on how to represent them, and
numerous repositories for collecting and sharing them.

As far as we can see, there are still a few missing links
before the adoption of OERs can take place in everyday
teaching and learning. The most important missing link is
that there is no room for OERs in the everyday activities of a
median teacher. To fix this, we would need to fix the daily
activities of teachers, and we cannot do that directly.
However, what we can do is design tools that will support
new kinds of everyday practices of teachers and learners.

Because we cannot simply push OERs and the changes
they necessitate on teachers and learners, we should try to
minimise the required conceptual shifts and changes in
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learning activities. LeMill (Learning Mill) is a Web commu-
nity for finding, authoring, and sharing educational re-
sources, designed for easy integration with teachers’ existing
meaningful tasks and needs. LeMill was developed in 2005-
2008 within an EU funded CALIBRATE project (http://
calibrate.eun.org), with an initial premise of providing a
toolbox for collaborative authoring of learning resources.
After CALIBRATE, further development and dissemination
has been done in the contexts of the Estonian Tiger Leap
Foundation and the EU funded Finnish AVO project (Open
Networks for Learning, 2008-2011).

There are implicit and explicit assumptions about what
good OERs are: They should be relevant to the learner and
thus easily modified to fit the learner’s needs. They should
be of good quality and contain no factual errors. They
should disclose their point of view and in the case of science
be free from bias. They should not have hidden costs or
prohibiting limitations on use. A good learning resource
should also be able to “travel well,” to be easily translated
and recontextualised [4].

We believe that these requirements can be met by having
the resources edited collaboratively and freely online with
no restrictions on participation. If OERs can be freely edited,
they can be customised for the needs of individual teachers
and learners. If they have multiple editors working on
them, versions will evolve, making errors and biases easier
to find and correct. The license scheme must permit all this:
free editing, sharing of edited versions, and combining
versions to form new resources. These requirements point
toward a uniform and nonrestrictive licensing scheme for
all resources.

Since we want LeMill to have good OERs and
collaborative authoring seems to be the way to do it, but
teachers’ existing activities, tasks, and skills do not
necessarily include collaborative authoring, we designed

Published by the IEEE CS & ES
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LeMill to provide scaffolding for teachers, so that what they
do with their existing skills becomes directed toward
collaborative creation.

The main research question of this paper is: How can a
Web service design promote use and creation of OERs?

This paper will start by presenting the general challenges
related to the design of open educational resource systems,
which are not only technological but also social systems. The
paper continues by defining relatively concrete design
challenges that are part of the overall “wicked problem”
landscape. Wicked problem is a concept used by Rittel [5]
when referring to the nature of problems common in
planning and design practice. After presenting the design
challenges we introduce the design methodology used in the
process. We call the methodology a research-based design
process with focus on software as hypothesis [6]. We
continue by presenting design solutions that scaffold author-
ing of open educational resources. The solutions are mainly
decisions related to information architecture: ways of
organising, structuring, and enabling collaborative author-
ing and sharing of educational resources online. We conclude
by comparing LeMill’s design solutions to other popular
repositories and learning resource authoring services.

2 DESIGN CHALLENGES

When starting the LeMill project our initial design challenge
was the assumption that European teachers do not share
their learning materials nor do they improve them in a
collaborative way. Beyond this challenge we can see more
general challenges related to European and international
educational politics. These are, for instance, differences in
the results of educational systems in different countries,
which cause problems in recognising educational degrees in
other countries. Not recognising educational degrees in a
pan-European level hinders the free movement of people,
which is one of the basic components of the European Union
and acknowledged as a fundamental right for EU citizens.
While our task was not to solve the problems related to
the rights of EU citizens, as designers we considered it
important that we are aware of the the big picture. Focusing
is not possible if one does not know the context. When
narrowing down the design challenge to problems related
to sharing of learning materials and improving them in a
collaborative way, we already implicitly defined the general
design solution. This is common in design thinking where
the fact that problems are wickedly incomplete and often
contradictory is taken for granted [7], [5], [8]. A designer’s
way of approaching a problem includes the idea that all
problems have multiple solutions and every formulation of
a problem is simultaneously an attempt to solve it.
According to Nelson and Stolterman, ordinary problem
solving is reactive to unwanted states, while designing is
about creating a positive addition to the present state [7].
The designer cannot assume that the truth about optimal
design is there to be found. Instead, the designer can point a
way and say that choosing this way has some benefits.
We chose to work with teachers because they are the part
of each country’s educational system that has direct effects
on learning outcomes. Within the educational system,
changes in teaching are easier to track than changes in

learning. If we had worked outside of the educational
system (self-learning, open learning, and networked learn-
ing) we would have positioned ourselves as outsiders to our
pan-European problem, that of recognising educational
outcomes from different educational systems.

During design and development the main design
challenge broke down into smaller, often more urgent
subchallenges. These subchallenges represent recurring
themes in LeMill’s design and we think they can be
expressed as general design problems in OER repositories
and services. These subchallenges are:

1. Lack of collaboration and peer production of
learning materials.

Lack of reuse and remixing.

Limited access and poor usability.

Barriers related to multilingualism.

Poor use of the underlying principles of the Web,
such as openness and “linkedness.”

RalE e

In Section 4, we will argue for and explain our solutions
to these subchallenges.

3 METHODOLOGY AND DESIGN PROCESS

Our design methodology is called “research-based design
with software as hypothesis” [6]. In several earlier design
and research projects aiming to develop new learning
technology (FLE, Fle2, Fle3, MobilED, Hauki, and Kuha) we
have noticed that people create meaningful ways of using
the tools that surround them, and, from the perspective of
tool design, often do not know beforehand what tools they
really need. The consequences and the affordances of the
tools are realized only when they are used in the real world.
With LeMill, our aim was to design learning technology in
an open dialogue between designers and the target group
(in this case teachers) and provide them with software
prototypes. With these prototypes we can design affor-
dances (as understood by Norman [9]) that will likely make
sense for the teachers at first glimpse.

The relationship between meaning created in action and
tools can be illustrated with an example from school
architecture. An auditorium and a teacher’s podium are
tools that form learning spaces. The architecture, fixtures,
furniture, and props in the space quite openly communicate
and support certain types of teaching and learning. In
complex social activity systems, all new tools bring changes
to existing activity systems. A new tool should communicate
the changes needed in the system. In our context of
educational technology this means that the designed tools
and artifacts are always also communicating what teaching
and learning with them could be like. In this sense, software
tools can be presented as hypotheses about teachers’
activities. They can succeed or fail at inducing activities that
teachers are willing to integrate into their everyday teaching.

Research-based design with software as hypothesis is not
to be confused with design-based research. In design-based
research [10], [11], the aim is to do research with designed
interventions into real-world situations [6]. In design-based
research design interventions are a research method. In
research-based design, the design is the main outcome and
anthropological (or quasi-anthropological) research helps to
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Fig. 1. Research-based design process [6].

draw routes to that outcome.! Our process of research-
based design aiming to design a new tool is divided into
four iterative phases which happen partly in parallel:

1. contextual inquiry,

2. participatory design,

3. product design, and

4. production of software as hypothesis (see Fig. 1).
The process resembles ahermeneutic circle where all research
and design operations increase the researchers’ and the
designers’ understanding of each other and the context [6].

As part of the research-based design process, LeMill was
developed by using the principles of scenario based design
[12] and agile software development methods [13]. The
design process was carried out and documented in a
publicly available software development environment,
called Trac (http://lemill.org).

The contextual inquiry phase included observation of
teachers’ computer use with a special focus on searching of
online learning materials. In addition we benchmarked
several other online services. These were MediaWiki
(http:/ /www.mediawiki.org), MIT’s Open Courseware
(http://ocw.mit.edu), Connexions, (http://cnx.org), MER-
LOT (http://www.merlot.org), Pachyderm (http://
www.nmec.org/pachyderm), and eduCommons (http://
cosl.usu.edu/projects/educommons). Teachers were also
asked to use these systems and relate their experiences.

In the contextual inquiry phase our impression was that
median teachers in the year 2005 hardly used online learning
materials. According to a study conducted in 2006 in
European countries [14], 40-85 percent (depending on
country) of teachers have used computers in class in the last
12 months, 70-90 percent consider themselves competent in
using ICT, and 70-95 percent have used material retrieved

1. Other sources of confusion are that sometimes a design that is based
on results of any usability research is called research-based design and in an
educational context any design that implements a researched instructional
theory or pedagogy can be called research-based design.

® With people for people

Participatory Design

® Scenarios, design workshop

Software Prototype As
Hypothesis

ion beta, version 0.1

version 1.0

rototypes

® "Lightweight prototype”
(mental prototype)

from the internet. However, in our observations, most of the
teachers used very limited computing skills to produce
learning resources: a basic knowledge of office software and
using copy-paste to add internet resources was enough for
most of the teachers.

Participatory design sessions with one researcher-designer
and 2-3 teachers were organized in Estonia, Finland,
Hungary, and Norway. The teachers read prepared scenar-
ios and then discussed each scenario in a structured group
interview led by the researcher-designer. The participants
were then asked to visualize the proposed system as they
imagined it and explain their drawing. The researchers
recorded the sessions and wrote summaries of them into the
Trac system.

During product design we realized that we were designing
and developing a new tool: something to which none of the
existing learning resource authoring tools could contribute.
When analyzing the participatory design sessions, we
noticed that teachers often do not know what kind of tools
they really need and their wishes are influenced by tools
that they currently use. We had to balance this reliance on
existing tools and their frameworks with the affordances of
the new tool. This balancing was an iterative process with
teachers, as we gradually became better at understanding
the perceived usefulness of each feature.

Our software as hypothesis is the LeMill service. We
believe that with it—a simple Web-based tool that provides
a clear structure for learning resources—teachers can create
communities of practice that share and create open
educational resources.

4 DESIGN SOLUTIONS
This section presents our solutions to the design challenges
outlined in Section 2.

4.1 Scaffolding Collaboration and Peer Production

The lack of collaboration and peer production of learning
materials was the first of the design challenges. The issue
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was considered from several points of view, including the
basic structure of the service, the level of “wikiness” that
would rather benefit than become an obstacle for collabora-
tion, basic concepts and their relations, and the workflows
of collaboration, and peer production.

The overall tasks that teachers should be doing in LeMill
were deduced from participatory design sessions (http://
lemill.org/trac/wiki/DesignSessionResults) and later from
workshops with teachers. The structure of LeMill and the
available features on each page should provide scaffolding
for these tasks. The main tasks were defined as 1) finding
resources to use (illustrations and exercises), 2) finding new
teaching methods, and 3) modifying resources to better suit
a particular learning context. In the participatory design
sessions we noticed that when planning their teaching,
teachers are primarily interested in using some new
teaching or learning methods or tools and only secondarily
are interested in the curriculum in which these could be
utilized. Based on this discovery, we decided that the top
level navigation in LeMill should be split into four
segments: Content, Methods, Tools, and Community.

Also apparent from the design sessions was that teachers
are generally wary of collaboration and resource creation,
pointing out problems with copyright, motivation, and high
threshold for joining a new community. While from a
workflow perspective LeMill resembles a wiki, its user
interface is quite far removed from that of Wikipedia for
instance. While a traditional wiki-like interface promotes
coediting among a community of technologically savvy
users, this is not sufficient to encourage teachers to
collaborate, as participation in wikis requires mastering a
relatively complex syntax and the environment requires
joint continuous efforts to maintain a coherent structure. To
support collaboration and peer-production among teachers
we noticed that on top of the “wikiness” we must have
additional scaffolding that presents the information archi-
tecture and the concepts in a language that teachers already
know and are comfortable with.

For instance, Methods and Tools are familiar concepts for
pedagogically minded teachers. Methods are descriptions
of various pedagogical methods, activities, games, and
other ways of teaching and learning. Methods also
represent LeMill’s unique take on Learning Objects (LOs)
and Learning Design (LD). While most online LO reposi-
tories primarily contain learning objects for learners, LeMill
focuses on resources that teachers can utilize to improve
their teaching. LOs have been criticized for their unfounded
promise of Lego-like combinatorics, which would only be
possible if they were instructionally empty [15]. Learning
Design (LD, [16]) on the other hand adds instruction theory
to learning objects, but the level of description required for
IMS-LD modeling is too cumbersome for our needs of easy
access and online editing, and on the other hand is
incapable of representing some advanced pedagogical
models [17]. In LeMill methods are treated like other
learning resources and it is up to the teachers to decide how
a certain method should be used with certain content.
LeMill’s LOs are not supposed to be fully machine readable
or used in automated instructional sequences. It is assumed
that there is always a teacher to decide how resources are to

be used. If a teacher is there to contextualize the resources,
the decontextualized nature of LOs is not a problem [18].

The Content section contains more typical learning
resources. Content resources are built on one of six available
templates. The templates are basic scaffolding tools that
make it easier for people to create Web content [19], [20]. Our
templates are: webpage, presentation, exercise, lesson plan,
school project, and PILOT (Progressive Inquiry Learning
Object Template [21]). The main concepts and divisions of
LeMill are described in Fig. 2.

An important aspect of LeMill is the authoring work-
flow. We would have preferred to keep the authoring
workflow as simple as possible, but participatory design
sessions revealed that teachers had many reservations
about releasing unfinished or partial resources. So there
had to be a division to drafts and published content.
However, that division does not need to apply to resource
types that don’t have a precedent for such division. Our
judgement has been that methods, tools, references, PDFs,
learning stories, and media pieces do not need to have a
draft version. Only template-based content types should
have drafts (see Fig. 2).

Drafts were initially created as public to encourage
collaboration but without prominent author information to
lower the threshold of creating unfinished content. Because
of feedback of teachers we had to make drafts private by
default and made a third option of “public draft.” Publish-
ing a resource is encouraged by allowing only published
resources to have cover images. When resources are
published, they are visible for all and editable by all.

We initially designed the communities in LeMill to form
around collaborative learning resource creation. Each
resource can be adopted by a group. Anybody can join a
group, but joining a group is the precondition for editing a
resource. Later, when we noticed that groups were also
used to form courses or workshops, and that these groups
collected interesting learning resources, we allowed re-
sources to be adopted by several groups. Discussion about
learning resources was initially limited to happen within
groups, but as these discussions were rare, the threshold to
start one stayed high. We tried linking these discussions to
resources with similar “discussion” links as seen in
Wikipedia, but the concept became complicated when
resources could belong to several groups. Finally we
migrated all discussions about resources to happen within
the resources themselves and having groups only aggregate
these discussions.

We have also tried two solutions for branching different
versions of a resource, but we are not satisfied with either.
At first we allowed versioning, but found that teachers were
too eager to use it in avoiding modifying each other’s
works, with a detrimental effect to collaboration. The
second attempt was when there was an existing biology
textbook that an author wanted to publish in LeMill, but
didn’t want it to be changed by anyone. We allowed the
locking down of resources so that only author can edit
them, but with the condition that there can be new
branches. This feature also seems to be misused, and we
are planning in removing it.

Authoring of learning resources and collaboration around
them is encouraged by a teacher’s portfolio. For every teacher
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Fig. 2. The central LeMill concepts and their relations.

itkeeps track of where the teacher has participated in creation
or editing of resources and aggregates these resources. The
portfolio also has room for profile and personal information
and interests, and these can be used to find other teachers
with similar interests.

Individual teachers are also encouraged to collect
interesting or high quality resources into their personal
collections, which are visible to others. These collections can
be formed around any theme, such as “interesting math
resources,” “good pedagogical advice,” etc. A collection can
also be used to create a lesson or course plan: by adding
content, methods, and tools into a collection, a teacher can
create a package that has much of the information that is
needed to teach a lesson or a course (Fig. 3).

Teachers can also add “teaching and learning stories” to
their collections. These are simple free form descriptions of a
collection explaining how the teacher plans to use them or
has used them in teaching. Resources that are used in
teaching and learning stories automatically and prominently
link back to them so as to provide examples and ideas on how
to use them. This design addresses the common problem of

learning objects not having contextual information about
how they should be used [22], [18].

4.2 Scaffolding Reuse and Remixing

Reusability of learning resources has both technical and
legal aspects one must consider when designing a service
and a tool for this purpose. In the participatory design
sessions we found out that teachers are aware of the
copyright issues but many of them have a rather practical
stand on them. The principle seems to be that if some online
content is found useful in teaching and learning it can be
used for this purpose freely, including copying, printing,
remixing, distributing, etc. However, teachers perceived it
as a plus if they could do so legally.

Traditional copyright laws give the creator of an
original work the exclusive right to decide how their work
is distributed and if it can be adapted. This is a major
obstacle for the reuse of learning resources. Learning
resources that teachers find from the Web may often need
to be adapted to a certain learning context and target
group. Doing this for personal learning purposes poses no
problem, but distributing the adapted version is a
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Fig. 3. An example collection from LeMill.

conundrum. According to copyright laws teachers need an
agreement from the holder of the copyright before they can
adapt and distribute the learning resource. These legal
obstacles can be solved when learning resources are
published under an open content license.

From the beginning of the project it was clear that all the
content created in LeMill must be published under an open
license. However, it was important to choose a licensing
scheme that will both protect teachers and give them the
possibility to reuse content created by other people. In 2005,
when we were pondering this, several licenses were used
for educational content. Some systems used GNU Free
Documentation License (Wikipedia and other initiatives of
the Wikimedia Foundation), some used Creative Commons
licenses with noncommercial restriction (MIT OpenCourse-
Ware) and some allowed users to choose between different
Creative Commons licenses or all rights reserved (Flickr).

The first important decision was to use the same license
for all resources that are created in LeMill. This enables
teachers to remix all the resources that they find in LeMill
without having to think about license compatibility issues.
Second, we decided to choose one of the Creative Commons

licenses because their licensing scheme is developed to
be understandable by a wide audience. Finally, we were
considering between Attribution-Noncommercial-Share
Alike (BY-NC-SA) and Attribution-Share Alike (BY-SA)
licenses. The noncommercial restriction limits the possibi-
lities of reuse. In the educational context it is problematic
for many meaningful ways of reusing content [23].
Therefore, we decided to choose the Creative Commons
Attribution-Share Alike license for all content created in
LeMill. Back in 2005, it was not the most popular choice for
educational content, but recent developments in the field
show that it was the right decision. The Wikimedia
Foundation has migrated from GNU FDL license to
Creative Commons BY-SA license [24]. This made it
possible to remix Wikipedia (and other Wikimedia pro-
jects”) content with LeMill content.

In addition to the new possibilities with Wikipedia and
Wikimedia Commons, Connexions has all their content
under a compatible CC Attribution (BY) license. The
popular photo sharing site Flickr has millions of images
under CC BY and BY-SA licenses. A growing number of
content with licenses compatible with CC BY-SA makes
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LeMill part of a larger OER ecosystem, while content that is
under complete copyright can be used by linking or
embedding under the Fair Use conventions. For example
it is possible to embed videos from YouTube to learning
resources in LeMill.

While there are no legal restrictions for remixing the
content that is created in LeMill there are still some technical
limitations in order to keep the system simple. With remixing
we understand the combination of two or more learning
resources. So far we have not developed special tools for
combining parts of learning resources, but one content
type—the media piece—is intended to be used with and
within other resources. Web pages, exercises, presentations
and PILOTs can all include media pieces. When adding a
media piece to a resource, the author can search from existing
media pieces or upload a new piece.

The remixing culture makes it easier for us to concentrate
on our main focus by outsourcing some of the difficult parts
of content creation to services specialized for them. For
example, we have had trouble designing and implementing a
fast and easy way to create presentations or slide shows as
learning resources. Building them from media pieces is
cumbersome and leads to dozens of uploaded slides with
minimal reuse value. Teachers also want to upload existing
Microsoft PowerPoint slidesets as learning resources, which
leads to additional problems because then online editing and
improving is not possible. Our current solution is to run
OpenOffice.org as daemon to export PowerPoint slides into
images once they are uploaded, and thus, create editable and
“granular” presentations from uploaded material. In addi-
tion to putting presentation into LeMill users may use any of
the external presentation hosting and creation services like
SlideShare (http://www.slideshare.net) or 280 Slides
(http://280slides.com) and embed slideshows from there
into resources.

Embedding media from another site is actually another
popular way to remix content in LeMill. The common method
for embedding is to copy and paste an “embed code,” a piece
of HTML, into a page or blog post. In workshops we have
noticed that many teachers are accustomed to office software
paradigm for creating content. In office software copying and
pasting is the most common solution for moving pieces of text
or images from one document to another. Thus we assume
that copying an embed code from a site is the cleanest and
most versatile way to embed content. The simplicity of copy
and paste outweighs the additional user interface clutter that
graphical remixing tools would add.

4.3 Scaffolding Access with Minimal Metadata
We suspect that the problem of limited access and poor
usability of educational repositories in general is related to
different perceptions of what is important for repository
curators and repository users [25]. In the participatory
design sessions we noticed that average teachers do not
know what “metadata” is or see how it could be important
to them. Nevertheless, teachers use different kinds of
metadata in their daily work. From a technical perspective
metadata is important to have, but for teachers it should be
invisible, implicit or obviously useful [26].

LeMill is a repository of educational resources. Reposi-
tories store objects and metadata, and metadata is there to

help find relevant data objects and communicate to other
systems about their existence. There are several metadata
schemes for educational resources. The Learning Resource
Exchange (LRE) Metadata Application Profile v3.0 [27] of the
IEEE Learning Object Metadata (LOM) standard [28] defines
the metadata that European learning resource repositories
should support. These standards can provide a solid base for
designing an educational resource repository.

LeMill is built on Zope (http://www.zope.org), a
transactional object database. Using an object database
allowed us to be very flexible with the actual data model
and start with a very minimalistic object scheme. Object
schemata are easily updated to have new or changed fields.
Having an architecture based on custom object types
suggests using adapters to accommodate them to different
metadata schemata instead of trying to keep the data
structures themselves uniform and compatible. Educational
resources from LeMill can be harvested with the Open
Archive Initiative Protocol for Metadata Harvesting v2.0
(OAI-PMH) [29] as LRE LOM objects or using DublinCore
metadata. In short, the actual data model is there to reflect
the priorities of teachers creating content as far as we know
them, while satisfying metadata harvesters and queries
from other systems comes secondary and is done with
adapters. Technically this has proved to be feasible and can
be seen as a local mapping solution to problems of metadata
interoperability [30].

In LeMill’s user interface we altogether avoid the word
“metadata,” because teachers’ existing workflows for
preparing material for classes do not use the term. Teachers
have a very contextualized short-term need, whereas
curators think about the general form and future accessi-
bility of data [25]. If metadata is not perceived as essential
for finding resources [25], [31], [32], then we suspect that
adding such metadata to content will be perceived as an
extraneous and unnecessary task.

To make some metadata relevant, we encourage teachers
to browse LeMill. For example, the Content section’s
front page has emphasized links to browse by language,
subject area, target groups, and tags, with links to the three
most popular tokens for each. Internally, all these browsing
options are metadata categories. All of them except tags
come naturally from teachers’ needs. Free form tagging is a
concept familiar from social software and it has been found
that teachers adopt it well [33]. After limiting results with
one criterion, the browsing view allows the addition of
other criteria from drop-down menus so that teachers can
end up browsing for example resources in English that are
about History and suitable for 10th grade students and have
the tag media.

We assume that the usefulness of metadata in browsing
encourages teachers to enter similar metadata to their
resources. The data that LeMill collects that can be under-
stood as metadata is presented in Table 1. Only the first four
are explicitly asked from teachers and they are all optional.
The rest of the fields are created automatically. The teachers
may enter metadata when creating the resource, or they
may complement them later. Complementation—the “wiki-
way”’—can be done by any user. LeMill is integrating
flexible community-based metadata creation to automated
metadata gathering, as described by Duval [26].



TABLE 1
Metadata Fields

Field name

Teacher’s input

Tags

Subject area
Target group
Language

free text

multiple selection

multiple selection

suggestion based on the teacher pro-

file’s languages, single selection
Publication status || for most resources ’‘published” or
"deleted’, for Content types also ’draft’
or ‘private’; altered by actions “publish’,
‘delete’, ‘undelete’ or ‘retract’ shown
when applicable

Cover image asked when publishing a resource, can
be changed later; for media pieces that
are images, automatically use thumb-
nail image

Creators automatically added as creator, order of

authors depend on size of contribution
CC BY-SA automatically for most; with
references and media pieces several op-
tions that refer to original license

Rights

CreationDate
ModificationDate

Id automatically generated from resource’s
title

automatically added
automatically updated

When presenting metadata fields to teachers we have to
use the same terminology as teachers do. For example, in
workshops we found out that teachers prefer to use grades
instead of a typical age range. Because of this we combined
three elements from LRE LOM (“Educational.Intended End
User Role,” “Educational.Learning Context,” and “Educa-
tional. Typical Age Range”) into a new element named
“Target group.” Vocabulary values for this element include
all the primary education grade levels, preschool education,
higher education, adult education, special education, and
teachers. In the OAI-PMH script we map these values back
to LRE LOM. Instead of “General. Keyword” we use “Tags”
in the user interface. We also avoided using technical
terminology such as “learning objects” and “learning
assets” in the user interface. Instead of these we decided
to use “learning resources” and “media pieces.”

During the development of LeMill, the data model has
gone through several minor changes and adjustments. For
instance, we have removed fields that have not been used
or have often been misunderstood. One example of an
unused field was the link to a video, to demonstrate a
method. An example of a confusing field was “learning
resource type,” a field that was based on LRE LOM element
“Educational.Learning Resource Type” and used for refer-
ences to determine which kind of resource is referenced.
We noticed that teachers were uncertain as to what kind of
element to choose when the resource was, for example a
Web site with simulations and quizzes. We observed that
the description texts were providing the same information
in an easier way and decided to remove the field altogether.

One example of the difference between metadata for
teachers and standardized metadata is the learning resour-
ce’s cover image. When browsing resources, a cover image
can tell a lot about the resource and the effort that has been
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put into creating it. Metadata standards do not recognize
such information. We try to encourage teachers to add cover
images to resources by making it a mandatory step in the
publication process. Cover images can reuse thumbnail-
sized versions of existing media pieces or be newly
uploaded images.

In a repository with thousands of objects it is crucial to
have metadata that supports finding quality content. One
way of ranking resources would be to have a simple rating
system. However, our design sessions have indicated that
because of variance in teachers’ needs, simple five star
rating systems are not objective enough. In addition the
editable nature of LeMill resources makes ratings counter-
productive, as bad ratings follow resources even when their
causes are fixed. Instead of a rating system teachers can use
a discussion page to give meaningful feedback about the
resource. This approach is being used in LeMill, but
conclusive results have not yet been gathered. One aspect
of this approach is that it blurs the line between comment-
ing and editing content. If you have a constructive comment
on a resource, will you write it into the discussion page as a
comment, or directly edit the resource itself to reflect the
changes, or both?

We have developed ranking algorithms for calculating
scores for content, methods, and tools. The score will
depend on the way people work on the resource and on the
actions that other people have with it. Each object will get
initial points when it is published. The score will rise when
it is edited further, illustrations are added and external
resources are embedded. Since our aim is to support
collaborative authoring we will give more points when
the resource is edited by more than one member. Points will
be added to the score each time other people bookmark the
resource into their collections. As a result, resources that are
edited by several people and belong to several collections
have a higher score. The scores are used to sort search
results, generate tag clouds, and display featured resources
on the section front pages. These algorithms are modified
periodically as we try to balance results to both encourage
collaboration and to reward individual efforts.

In a similar way we calculate scores for community
members. The member score consists of three parts. First,
we sum up the scores for all content, methods, and tools
that the member has created. Then the social activities such
as sharing teaching and learning stories, participating in
the groups, and being added as a contact are scored.
Finally the member will receive additional points for fully
filling the member profile.

4.4 Scaffolding Multilingual Use
The participatory design sessions were carried out in four
European countries—Estonia, Finland, Hungary, and Nor-
way—in four different languages. From the very beginning it
was clear that we were designing a multilingual and
multicultural tool and service. The results should include
ways to translate and localize itself to whatever language. The
content should also be easily translatable. Different lan-
guages in the site should not confuse the people using the site.
For a multilingual site, there are basically two options:
either keep the languages separate, or mix them up in one
pool. As LeMill developed from an empty repository, we
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started with everything in the same pool, and gradually
added functionality to allow for different languages to
separate to their own resource pools. The upside of keeping
everything together is that the repository doesn’t appear
empty to a representative of a minor language, while the
downside is that search results may be flooded with
resources in a language that the teacher doesn’t understand.

From the beginning each teacher was able to define in
their profile the languages that they are fluent in, in the order
they think is most suitable, usually placing their native
language first, followed by other languages that they can use.
This became a very important tool as we noticed that LeMill
was starting to be dominated by a few small languages.

Nearly all resources in LeMill have a specified language,
and those that don’t are causing problems, so in the future
they will need to be tagged with a language as well. We use
teachers’ profile language information to customize both
the user interface and the listed resources in search results,
featured resources, and browsing views. The list of
matching resources is sorted by languages, and then by
the individual resource’s popularity score. Thus, in search
and browsing results, teachers will first see matching
entries in their native language, in popularity order,
followed by resources in their secondary languages, in
popularity order, language by language, and finally in
english, if english was not already included.

Resources in languages that the teacher has not listed in
their profile will not be shown at all unless explicitly searched
for. Teachers can of course access them if they find them. This
feature acts to form language clusters within the repository,
as the language skills of the teachers define the borders
surrounding clusters. Multilingual teachers will of course be
positioned as mediators between language clusters.

LeMill encourages translation of resources. Each re-
source has a link to translate it, and the resource has links to
already existing translations. Translations are not assumed
to be identical, and certainly cannot be, as the original and
the translation can both be further developed by other
teachers. The intention is to facilitate the spread of good
resources and teaching ideas.

We’ve identified some specific problems regarding
resource languages. Images don’t usually have any lan-
guage content, but their descriptions and titles are written
in some language. Would it make sense to tag an image
with the language of its description? While it is informative,
teachers could easily reuse images regardless of their
description language.

Another problem concerns collections, which can contain
resources in multiple languages, in addition to the
collection’s title and its own description. What should the
language of a collection be, if its title and description are in
Estonian, but all or most resources are in English?

A third problem concerns resources related to language
studies. If a resource contains text in English, and instructions
in Estonian, which language should it be tagged with?
English teachers in Estonia will most likely try to find material
for their courses by looking into the pool of English resources,
but having a resource that is partly in Estonian will be quite
problematic for English teachers in other countries. Short of
having separate metadata fields for “teaching language” and

“content language,” this issue is still unresolved, partly
because there is a similar problem with referencing to
resources outside LeMill. The referenced resource can be in
adifferent language than the actual reference description and
explanation, but there is an ambiguity about what the
language field is referring to. LRE LOM's approach of asking
for language in “General.Language,” “Meta-metadata.Lan-
guage,” and “Educational.Language” allows all of these
specifications. However, in most of the cases selecting the
language of a resource is obvious, and having these three
fields would feel like an unnecessary complication.

A fourth problem is the issue of tags and their languages.
Currently tags carry no language information, which means
that tag clouds are quite multilingual. It would be technically
possible for us to convert all our tags to tuples of tag and
language code, but keeping the process of adding tags
simple would then be a formidable design challenge. Tag
language could be inferred from the language of the
resource, except that many content resources are about
foreign language learning and thus contain two languages
and are labeled in differing ways (see previous paragraph).
Inferring tag language from the user’s profile would require
each tag to have a language specified separately, as tags can
be edited by anyone and adding a few tags in your own
language shouldn’t change the language of other tags. Even
a dictionary-based solution has its limitations, as some
words can occur in multiple languages and mean either the
same thing, or different things.

A multilingual site attracts users from multiple countries
and cultures. At the time of writing this paper, LeMill has
teachers from 56 countries. Each group of sufficient size
seems to form its own codes of conduct and practices of
using LeMill. Teachers in some countries have started to
write individual course plans as method descriptions, while
others have written them into the content section. In some
countries teachers need to be able to present their lesson
plans and show how they connect to accepted learning
goals, where as in other countries there is no need for such
detailed plans. As a response new content types were
added to the content section: lesson plans and school project
plans. One example of cultural differences is the popularity
of history as a subject area in Georgian resources, where in
other languages it is one of the least used categories. A more
detailed comparison of community practices is difficult
because of language barriers, which also forces us to trust in
community self-organization and self-policing.

4.5 Scaffolding Creation of Small Pieces Loosely
Joined

Our fifth design challenge was the poor use of the
underlying principles of the Web, such as openness and
“linkedness.” What we mean with openness is that anyone
can join the system, create new resources, have them link to
any resource anywhere, and to link to these resources from
anywhere on the Web. Because of its elective, haphazard,
and unlimited fashion of linking, the Web is said to be
formed from small pieces loosely joined [34]. A powerful
side effect of ideological linkedness is that because search
engines index resources by following links, resources in
highly linked and openly traversable repositories are very
visible in general search results.
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TABLE 2
Provided Protocols and Views

Reader Provided protocols and views

teacher web page, ‘student view’, zipped offline
web pages, SCORM-package, PDF

RSS-reader RSS 2.0

metarepository OAI-PMH, supported formats LRE
LOM and DublinCore

As noted before, our approach to standards is not to
build from standards, but to build from teachers’ needs and
have the result adapt to standards when necessary. All
textual resources in LeMill are presented as XHTML.
Multimedia uses the normal Web-acceptable image formats,
and some rich media are displayed using Flash, which can
be considered a de facto standard. As previously discussed,
we considered IMS Learning Design (IMS LD) [16] to
provide an interesting and advanced description language
for pedagogy, but we found it too complicated for easy
access and also that it had important restrictions in covering
dynamic group behaviors and other advanced iterative
methods [17].

If the resources in a repository cannot be exported and
transferred to other infrastructures, it cannot claim to be
truly open. The most popular LO transfer format is SCORM,
and collections from LeMill can be exported as SCORM
sequences, stand-alone Web file packages, or pdf booklets.
These allow teachers to export their collections and set them
up on a Web server, import them to any SCORM
compatible LMS, or to print them as handouts.

Referratories or metarepositories that only store the
metadata of resources have lately been quite popular, and
any open repository should acknowledge them and provide
access to them. OAI-PMH [29] support was built into
LeMill, as it seemed to be the leading protocol in querying
repository contents, had sufficient support for LO metadata,
and was already supported by other platforms. LeMill also
provides RSS feeds for search results and other dynamic
pages. A summary of currently supported protocols and
views is presented in Table 2.

To prevent LeMill from becoming a closed silo it is
important to make it clear that LeMill is open and readable
by anyone, by not hiding information inside members-only
areas and by publishing the content with open licenses that
make it clear to authors that their creations will be openly
available. When LeMill resources are readable in general
then technical support for existing open standards and for
upcoming new standards is relatively simple to add.

5 COMPARISON OF DESIGN SOLUTIONS TO
OTHER LEARNING RESOURCE REPOSITORIES

Teachers’ expectations for online services in general have
been about time and effort savings in finding resources
and preparing resources for classes [35], [31], [25], [32].
Peer production is not in the teachers’ goals, but should
come as a byproduct of resource finding and preparation.
OER repositories and LeMill share the same purpose of
supporting teachers in finding resources. Yet because

LeMill’s main design goal is to foster peer production,
LeMill omits a few common OER repository features in
order to make participation and co-creation easier. LeMill
differs from major repositories like Connexions (http://
cnx.org), MERLOT (http:/ /www.merlot.org), OER Com-
mons (http://www.oercommons.org), and its sister pro-
ject Learning Resource Exchange for Schools (http://
Ireforschools.eun.org) by keeping the user interface much
more simple. The resources cannot be rated and they have
less visible metadata.

Simplicity in browsing makes simplicity in editing easier
to achieve. In Connexions, creating Modules is done in their
own CNXML language; in MERLOT, OERCommons, and
LREforSchools, resources are submitted by providing a link
and entering metadata, after which the resource goes
through a review process. Even as resources are often
published with open licenses, only the author or editor can
modify the resource. Only wiki-based OER projects like
Wikiversity (http:/ /wikiversity.org), Wikieducator (http://
wikieducator.org), and LeMill expect collaborative editing
to be the default.

Mixing languages is also typical for LeMill, but as a
sitewide feature it may be a passing phase, as content in
foreign languages are only displayed when enough re-
sources in familiar languages are not found. MERLOT and
Connexions use English as the only user interface language.
Connexions has ~ 90 percent of resources in English and
MERLOT’s ratio is unknown, although probably in the
same region. Wikiversity and Wikieducator use separate
subsites for every language, with courses linking to other
languages if the translations are available. There is also a
multilingual beta.wikiversity.org for languages that have
not reached critical mass of active users. LREforSchools uses
the same principles as LeMill for dealing with languages:
the user interface is translated into several languages and
the content is syndicated from several languages. LREfor-
Schools has a special tag for “Travel well”-resources that do
not rely on language.

Encouraging creation of small resources is a goal that is
related to reuse and remixing. For finding images and
pieces to use in teaching, teachers can rely on Flickr and
similar services, but for the purpose of composing a new
resource to be shared with other teachers, the parts should
have a license that permits that. Hosting suitable media
pieces inside the repository facilitates remixing and allows
automated attribution. While Wikiversity uses resources
from Wikimedia Commons quite naturally, other reposi-
tories expect authors to have prepared material that is clear
from copyright issues.

5.1 Authoring Tools
In addition to OER repositories, there are authoring tools
for learning resources that have repository-like features.
Their focus is on creating resources in a certain presentation
format, which then can be downloaded or played on site.
LAMS is a tool for authoring IMS LD compliant learning
sequences and has a community where sequences are
published and shared (http://www.lamscommunity.org).
Playing LAMS sequences requires a dedicated server.
Building a sequence is done with a drag-and-drop editor,
but as the task is to model a learning scenario, the entry
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barrier is quite high. Furthermore, viewing a learning
sequence requires the creation of a demo account. The
RELOAD editor allows offline editing of IMS LD and
SCORM sequences, but it is aimed for more technical users.
While IMS LD has promise, modeling learning sequences is
beyond LeMill’s goals of supporting teachers in their first
steps at collaborative authoring.

5.2 Other Approaches
ALOCOM is an innovative approach for reusing learning
objects. ALOCOM is a model about content of learning
objects, but instead of providing an online service for
composing LOs from LOs, it is used by plugins within
popular office software [36]. These plugins try to search the
ALOCOM repository for smaller “Content Fragments” that
could be useful for the LO that the teacher is trying to
create. The LO can then be sent to the repository where it
will get automatically parsed into Content Fragments
usable by other teachers. By using office software that the
teachers already know well, it bypasses many usability
issues and in a way provides scaffolding. This approach is
highly dependent on automated parsing of LOs and would
be less effective for the very heterogenous needs of
European teachers. However, doing ALOCOM ontology
parsing in LeMill, uploading LeMill content to the
ALOCOM repository and fetching Content Fragments from
ALOCOM could be a future option.

Also of note is eduCommons (http://educommons.com),
a content management system for OpenCourseWare projects.
Theideais thata school can have an eduCommons server and
host its courses there. These hosted courses are syndicated to
other OpenCourseWare servers and repositories. This is a
great approach for institutions that can commit to the
OpenCourseWare Consortium, as each eduCommons site
can set up its workflows and practices as they see fit. But as
the consortium targets only higher education, modifying an
eduCommons site to serve primary or secondary school
teachers would be a design project of its own. In one phase of
the project, LeMill was perceived to provide a similar service
for basic education: LeMill installations were supposed to
form a network with syndicated searches. However, as a
lively initial community was a necessity, we concentrated our
efforts to one LeMill site.

6 CONCLUSIONS

The design of LeMill aims to combine many aspects that are
important in authoring and sharing of open educational
resources. We have tried to solve several fundamental
challenges that hinder European teachers from creating and
sharing open educational resources. The information
architecture presented in LeMill can be part of the solution
helping European teachers share more their learning
materials and improve them in a collaborative way.
Thorough validation and evaluation work has shown that
LeMill is at least a partial success. From the very beginning of
the project we aimed to create a living community—or
actually make it a platform for communities. Today LeMill
has more than 7,500 members from 56 countries. Teachers
from some countries, such as Georgia or Estonia, have their
own strong communities, while teachers from some countries

like Hungary or Finland have not yet formed a self-sustaining
community. Together with Connexions, Wikiversity, and
WikiEducator LeMill is currently one of the largest OER
initiatives based on peer-produced content.

LeMill has currently over 8,500 learning resources. In
November 2007 Ochoa and Duval [37] calculated thataverage
growth for Connexions to be 1.8, for MIT OCW 1.0, and for
MERLOT 4.6 new resources per day. In the same time period
LeMill’s growth was 3.4 resources per day and in the fall of
2009 the growth rate was 8.0 (not including media pieces).

LeMill has been evaluated by pedagogical researchers
working in close cooperation with teachers [38]. The
evaluation included authentic trials in schools, national
focus group discussions in six European countries, pre-
pilots, workshops, and evaluation exercises with teachers
between 2005 and 2008. The results were compared to the
general ICT capabilities of the teachers with the SIPTEC
framework. During the evaluation, one hypothesis con-
cerned LeMill successfully supporting computer supported
collaborative learning in knowledge building communities
and trialogical learning. This hypothesis was supported by
the findings of the study, mentioning the emergence of
national communities, peer learning among teachers, extra-
cognitive mechanisms, social presence, and the importance
of coevolutionary methods in the development of LeMill.
Another hypothesis concerning long term impact of LeMill
showed promise, but could not be verified in the study as
more time was needed to truly see the long term effects [38].

However, the main question for this paper is what part
the design of LeMill has played in achieving these results.
The design solutions have been

1. making social activities like building collections,
building portfolios, discussing and forming groups
centered on resources, and having reuse and remix-
ing an explicit part of resource creation,

2. publishing all resources under a license that permits
remixing,

3. making metadata creation implicit and manual entry
of metadata minimal,

4. mixing languages together and personalizing views
based on language preferences, and

5. encouraging the creation of small resources and
keeping them open to the larger Web.

In discussions with teachers from several countries one
of the main reasons why LeMill has been taken into use by
the teachers is its ease of use. It is said to be simple and
elegant, while at the same time showing respect for freedom
of expression, freedom of assembly, and the existence of
different languages and cultures.

However, by looking at the actual amount of collabora-
tive editing in LeMill, the numbers are low. Only 5.5 percent
(270 of 4,890) of resources (excluding media pieces and
resources that are clearly stubs, have no tags or language
information) have been edited by more than one author. For
those resources that are assigned to groups, 9.7 percent (128
of 1,326) have been edited by more than one author. It is
a positive finding that assigning resources to groups has a
noticeable effect. There are some known factors influencing
these numbers. One is that collaborative editing is defined
quite strictly: only changes in the actual body text of a
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resource count; adding tags or fixing missing metadata
doesn’t count. Another is that many of the resources are
created in teacher training sessions and while we now try to
delete them afterwards, there are still large amounts of low
quality content that is generally not visible, but affects these
statistics. Our design solutions for supporting collaboration
have not created a major change in teachers” behavior in
this aspect.

We may also have been mistaken in our assumption that
the smaller granularity of resources lowers the threshold of
resource creation. Ochoa and Duval [37] found that reposi-
tories that feature full courses have a more active user base
than repositories that concentrate on resources of smaller
granularity. A course is a natural context for teachers to return
and work on. Instead we have had to rely on workshops,
competitions, and teacher training sessions to provide
temporary meaningful contexts for resource creation.

We have found that it is difficult to maintain the
separation between design work in LeMill and “community
gardening.” In social software, a design solution can create
affordances, but community conventions and introduced
rules can override and replace the designers’ intentions.
Design can be used to resist certain habits, like the teachers’
preference of keeping unfinished resources private. A
designer as a community moderator can do the same thing
with a simple discussion post. In LeMill dissemination, one
of the designers has held the majority of teacher workshops
and gained many important insights into the design
problems from teachers. This learning has been mutual:
teachers in the workshops have learned about LeMill’s
design intentions and in turn adapted to them. This is
typical for a “wicked problem”—even when there seems to
be progress toward solving it, it is difficult to point out
which of the multiple solution attempts actually worked. In
the spirit of openness, we have here presented our attempts.
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Blogs are used in higher education to support face-to-face courses, to organise online
courses, and to open up courses for a wider group of participants. However the open and
distributed nature of blogs creates problems that are not common in other learning contexts.
Four key challenges related to the use of blogs in learning were identified from earlier
research: fragmented discussions, a lack of coordination structures, weak support for
awareness, and a danger of over-scripting. The EduFeedr system has been designed to
address these issues. In this paper, the authors present their evaluation of its design and
effectiveness in a total of 10 courses. The results indicate that learners find the EduFeedr
system useful in following discussions and in comparing their progress with other learners.
The coordination and awareness issues are seen as more important than the fragmentation
of discussions and a danger of over-scripting.

Introduction

Blogs are used in higher education to provide a space for reflection, a forum for discussions, a portfolio of
completed assignments, and for opening up courses for a wider group of participants. While some recent
research has focused on the pedagogical aspects of using blogs in higher education, Sim and Hew (2010)
suggest that one focus of future research should be the development of web technologies that will
enhance the conversational and interactive aspects of blogging. Our study focuses on designing and
evaluating an online tool that aims to address some of the issues that impede the use of blogs in online
and blended learning courses.

A blog is a website where the content is comprised of posts that are displayed in reverse chronological
order. A typical blog is a personal website that is written by a single person; however it is also possible to
have several authors. Readers can become engaged by writing comments on blog posts. Syndication
technologies such as really simple syndication (RSS) and Afom enable readers to receive new posts and
comments automatically. All blogs and their interconnections are often referred to as the blogosphere.
The blogosphere can be seen both as a social network and as an ecosystem.

The possibilities for using blogs in learning became evident soon after blogs emerged (Oravec, 2003;
Williams & Jacobs, 2004). Sim and Hew (2010) identified six major applications for blogs in education:
(a) maintaining a learning journal, (b) recording personal life, (c) expressing emotions, (d)
communicating with others, (e) assessment, and (f) managing tasks.

Kim (2008) suggests that the use of blogs may help to overcome various limitations of other computer-
mediated communication systems, such as difficulties in managing communication, passiveness of
students, lack of ownership, instructor-centeredness, and limited archives of communication. Previous
studies show that reading other blogs and receiving feedback on one’s own blog posts were the more
effective aspects of using blogs in learning (Churchill, 2009; Ellison & Wu, 2008). Blogs are useful in
disciplines that require students to discuss, write, reflect, and make comments about content or ideas
(Cakir, 2013). Blogging has been found particularly beneficial in teacher education because it can
motivate learners, foster collaboration and cooperation, promote different instructional practices, and
enrich the learning environment (Goktas & Demirel, 2012). Teachers who acquire these competences
during the blogging assignments can later apply these methods in their own teaching.
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Blogs are a common platform for creating a personal learning environment (PLE). Dabbagh and Kitsantas
(2012) distinguish between three levels of blog use for self-regulated learning in PLEs: (a) using blogs for
personal information management, (b) using blogs for social interaction and collaboration, and (c) using
blogs for information aggregation and management. In the first level, learners use a blog as a private
journal to set learning goals and plan for course assignments. In the second level, they make blogs public
and allow others to comment on their posts. In the third level, learners integrate their blogs with other
web services, for example by adding the blog to an RSS aggregation service. These three levels are
related to the six major educational uses of blogs referred to earlier in this introduction (Sim & Hew,
2010): personal information management involves keeping a learning journal and recording personal life,
social interaction and collaboration relates to communication with others, while information aggregation
and management can be associated with managing tasks and assessment. This research paper partly
addresses all three aspects of using blogs as PLEs, but focuses primarily on the third level by studying the
aggregation and management tools for online courses.

One of the important characteristics of blogs is openness. Blogs follow the basic principles of the open
web such as decentralisation and universality (Berners-Lee, 2010). The decentralised architecture of blogs
allows anybody to set up a blog on their own server or use a free blog hosting site. Universality enables
any blog post or page to be linked to by using a unique address. The open nature of blogs makes blogging
especially suitable for pedagogical approaches that emphasise public discourse, open participation and
self-directed learning (McLoughlin & Lee, 2007). In these types of learning contexts, it is common for
learners to be connected to more than one educational institution. The authors’ initial motivation to study
the coordination of blog use in online courses evolved from a number of courses in which blogs were
used to open up the course for external participants.

Open online courses with blogs

The term open learning refers to learning that takes place online and is more or less open for anyone to
participate in. In this way, open learning is an umbrella term that covers various kinds of online courses,
such as massive open online courses (MOOCs) and blog-based open online courses. This paper however,
does not address classical open distance learning, but focuses specifically on using the open web for
learning.

A MOOC is an online course with open access and a large number of participants. Some MOOCs use
special platforms such as Coursera, Udacity or edX. These courses are often called x-MOOCs
(Rodriguez, 2013). Other type of MOOCs — known as c-MOOCs — are loosely structured and allow
learners to use a range of different online tools, such as blogs, Twitter, social bookmarking, feed readers
and web conferencing (Fini, 2009).

This study was carried out in a context where formal higher education courses were opened up for
external participants. These courses differentiated from typical c-MOOCs by having a more predefined
structure and a smaller number of participants. Both the university students and the external participants
used their personal blogs to submit course assignment and to participate in discussions. The moderate
number of participants (under 50) allowed the course facilitator to follow and interact with every learner.
Due to the smaller number of participants, a smaller variety of online tools was used. The authors propose
however, that some of the results can be applied in all types of online courses with blogs.

Critical issues in blog-based courses

Earlier research identified several critical issues in the use of blogs in learning. These have been
identified as fragmented discussions, the lack of coordination structures, weak support for awareness, and
the danger of over-scripting.

The conversation used in blogs differs from online forums and mailing lists in several ways. Firstly, there
is a problem with the distributed and fragmented nature of blog discussions (Efimova & de Moor, 2005)
that may slow down the pace of conversation. Responses may be posted as comments to the original post
or as separate posts in another blog. Thus a discussion can take place in an ecosystem of blogs rather than
in a single blog. In forum discussions, people will easily notice new or active threads. In a distributed
group of blogs, people may only visit or subscribe to a selection of blogs. Sometimes an interesting
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conversation topic is noticed only when other bloggers link to it. Xie, Ke, and Sharma (2008) concluded
that the lack of a central location for all blogs prevents students from learning from the blogging activities
of other course participants. In a course setting where participants prefer different communication tools,
conversations started in blogs may move to other communication channels. Expressed in a different way
by Kop, Fournier, and Mak (2011), “too much freedom in choice of tools unnecessarily fragments the
conversation unless other tools are used to recombine the process” (p. 86).

Secondly, there is a problem with the lack of structure for coordination, also called articulation, that is the
process of managing dependencies among activities (Malone & Crowston, 1994). Cooperative work that
involves multiple actors requires that activities are coordinated, scheduled, aligned, meshed, integrated,
etc. (Schmidt & Simone, 1996). Enrolling in the course, managing assignments and getting an overview
of learner progress are examples of articulation that require coordination mechanisms.

Thirdly, coordination is related to awareness support mechanisms, typically implemented as a notification
system that provides information about the presence, tasks, and actions of collaborators. Social awareness
includes online presence and connections between actors, action awareness focuses on individual actions,
and activity awareness deals with long-term joint endeavours directed at major goals (Carroll, Neale,
Isenhour, Rosson, & McCrickard, 2003).

The genre of blog-based courses includes the scenario of a teacher writing assignment specifications to
his/her blog and students writing responses to these assignments in their blogs. The students are expected
to participate in collaborative knowledge building by commenting on and linking to the blog posts of
each others. This requires the teacher to plan the tasks and the expected collaboration in the course. For
instance, scripting can be used to coordinate these learning activities (O’Donnell & Dansereau, 1992). A
script defines how students should form groups, how they should interact and collaborate, and how they
should do the assignments. The main components of pedagogical scripts are: (a) task definition, (b) group
definition, (c) distribution, (d) mode of interaction, and (e) timing (Dillenbourg, 2002). A coordination
mechanism should support the implementation of scripts in online courses. However, too rigid
coordination may result in over-scripting the course and in turn may disturb natural interactions and
problem solving processes, increase the cognitive load of learners, force teacher-controlled learning
processes, and impede learners from establishing and achieving their own learning goals (Dillenbourg,
2002).

Regardless of these challenges, the positive aspects and the potential benefits of using blogs in online
courses are remarkable. Open learning with blogs supports learner-centeredness, active participation of
students, and increased ownership of personal and group learning. While blogs are by nature a learner-
centered medium in education, it is important to look also at the teachers’ perspective. Some of the recent
research emphasises the importance of awareness tools for teachers. For instance, Dillenbourg et al.
(2011) suggest that the design of learning tools should not focus only on individual learners and groups,
but also on usability at the classroom or course level where teachers have to orchestrate multiple learning
activities within a variety of real life constraints. Rodriguez-Triana, Martinez-Monés, Asensio-Pérez, and
Dimitriadis (2014) point out that teachers need awareness tools to adjust their pedagogical scripts
according to the progress of the learning process.

Research questions and the structure of the paper

Our study focuses on the teachers’ perspective in open learning with blogs. This paper addresses the
following four interlinked research questions (RQ 1-4) and design challenges. How and to what extent
can an online tool:

combine and present the fragmented discussions in blog-based courses?

provide coordination structures for managing blog-based courses?

provide a notification system for supporting awareness of learners and facilitators?
prevent over-scripting while providing sufficient coordination?

o=

The rest of the article is divided into five sections. The second section introduces the design and
implementation of EduFeedr. The third section provides an overview of the research methodology. This
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is followed by the analysis of the results and discussion of the findings. The article ends with the
conclusions drawn from the study.

Design and implementation of EduFeedr
The design process

In order to address the research questions and design challenges summarised in the previous section, the
authors have designed and developed a prototype of an online learning tool referred to as EduFeedr. The
design process of EduFeedr follows a research-based design approach that is based on four iterative
stages: (a) contextual inquiry, (b) participatory design, (c) product design, and (d) the development of
software prototype as hypothesis, where the prototype aims to answer certain challenges recognised in
earlier phases of research (Leinonen, Toikkanen, & Silfvast, 2008).

In the contextual inquiry phase, 4 blog-based courses were organised in which the authors tested various
approaches for coordinating the learning activities (wikis, generic feed readers, etc.). The use of multiple
coordination tools that were not directly integrated introduced a considerable amount of additional work
for the facilitator. This experience helped to define the design challenges and requirements for
coordinating blog-based courses. Based on the research questions, the following initial design
requirements were decided: (a) the system should aggregate information from blogging platforms using
open standards (RSS, Afom); (b) the system should not require any special plug-in in student blogs; (c)
the scope of the system should be limited to aggregating and annotating the feeds from the blogs and
visualising the process of knowledge building; (d) only the facilitator should be required to have a user
account in the system to modify course settings; and (e) anyone should have read access to the
aggregated course content. Design requirement (a) is related to combining the fragmented discussions
(RQ 1). Requirement (c) is linked both to providing coordination structures (RQ 2) and supporting
awareness (RQ 3). Requirements (b), (d) and (e) are general design requirements in order to keep the
architecture of the system open and lightweight.

In the participatory design phase, the scenario-based design method (Carroll, 2000) was used to gather
user feedback for the initial design ideas. A scenario-based design approach requires the designers to
focus on people’s activities and envision how these activities could be supported by software. The authors
wrote six short scenarios regarding the use of EduFeedr: (a) first experience with EduFeedr, (b) posting a
response to the assignment in the student blog, (c) exploring the connections between student blogs, (d)
setting up course feeds, (e) archiving course posts and comments, and (f) using the offline client. An
example scenario about exploring the connections between the blogs is presented in Figure 1.

John has been using EduFeedr for a few weeks. For him, the most exiting feature is a way
of presenting connections between the blogs. EduFeedr has a visualisation in which all the
blogs are displayed as nodes. Lines between the nodes show the links between the blog
posts. All the students have linked to the course blog. Some of the student blogs have a lot
of connections while others have not been so active.

It is possible to switch on a different view and see who has commented on which blog. This
time, John finds out that some student blogs have actually received more comments than
his blog.

The same information is also displayed as a table in which it is easy to see how many
pingbacks and comments each participant has made. EduFeedr has also aggregated all the
comments. It means that John can see all the comments that one particular student has
made on a same page without visiting all the blogs. This will save him a lot of time because
commenting is part of his grading scheme and students get points for that.

Figure 1. Example scenario: Exploring the connections between student blogs

A list of questions was compiled for each scenario in order to guide the discussion. The scenarios were
evaluated in two design sessions with 5 university teachers who had used blogs in their courses. In the
design session, each participant received a sheet of paper with a written scenario. After the participants
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had read the scenario, the designer facilitated a discussion based on the guiding questions. The process
was repeated for all six scenarios.

In the product design phase, the authors defined use cases and basic interaction by writing user stories
(Cohn, 2004) and creating paper prototypes (Snyder, 2003). User stories capture a software requirement
from the end user perspective in one or few sentences. In total, 48 user stories were written. The design
team evaluated the user stories and paper prototypes internally. Two teachers were involved in discussing
the paper prototypes. Developing user stories and paper prototypes in parallel helped to identify missing

functionalities and to clarify details. Some initial paper prototypes are presented in Figure 2.
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Figure 2. Initial paper prototypes of the course front page

The final phase of research-based design is the development of a software prototype as a hypothesis. In
this study, the hypothesis is that the coordination of blog-based courses and participants’ awareness could
be improved by using a web-based tool that aggregates, structures and presents the learning activities that

take place in learners’ personal learning environments. The software prototype that aims to address the
challenges is the EduFeedr, a web-based tool for open learning with blogs.

Implementation of EduFeedr

EduFeedr enables anyone to view the aggregated information from the courses. Facilitators need a user
account only for managing the course settings and accessing contact information of learners. Each course
is divided into six sections: (a) course feed, (b) course information, (c) participants, (d) assignments, (e)
progress, and (f) social network. The course feed page combines the fragmented discussions by
presenting recent posts and comments from the participants’ blogs (see Figure 3).
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Tourism English
The aim of the course is to provide learners with necessary

knowledge and skills for working in the field of tourism and hotel
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Figure 3. User interface of EduFeedr: Course feed page (left) and progress page (right)

EduFeedr provides coordination structures for managing the course participants and assignments.
Learners can enrol in the course by submitting the address of their blog. The list of participants can be
exported in various formats: vCard for address book, outline processor markup language (OPML) for
feed readers, and spreadsheet for grading the assignments. Assignment specifications are written and
published by the facilitator as blog posts in the course blog. Blog posts containing assignment
specifications have to be specified in EduFeedr together with a due date. If a learner’s post includes a link
to the assignment specification in the course blog, the system will recognise it as a submission to the
assignment. As a backup strategy, the system relies on the posting date to connect assignments and
submissions.

In order to raise participants’ awareness, EduFeedr provides a progress chart that displays submitted
assignments (see Figure 3) and a social network visualisation that connects learners who have commented
on or linked each other’s posts. The social network data can be exported in tab-separated format for using
in other visualisation tools.

EduFeedr leaves a reasonable amount of flexibility in scripting the learning activities. Tasks are defined
in the facilitator’s blog posts. Learners may choose their personal tools to form smaller groups, distribute
work and interact with their peers. Only the final outcome must be submitted as a blog post. Learners may
also use shared group blogs instead of personal blogs in EduFeedr. This flexibility allows users to vary
and improvise their plans during the course. Table 1 summarises how the critical issues of blog-based
courses were addressed in EduFeedr.

Table 1
Addressing the critical issues of blog-based courses in EduFeedr

Issue Addressing the issue in EduFeedr

Fragmented discussions Course feed page displays recent blog posts and comments

Learners can self-enroll in the course

Learners can add their blog to EduFeedr for aggregation
Facilitators can manage course participants

Facilitators can manage assignments

The lack of coordination structures

Progress page displays learners’ submissions for assignments
Social network page displays social network of learners

Weak support for awareness

Facilitators post blogs as pedagogical scripts to which the
learners are expected to respond in their own blog in their own
way

Learners have the flexibility to use other social media tools in
addition to blogs and EduFeedr

The danger of over-scripting
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Technically, EduFeedr is developed as a plug-in for the Elgg social networking engine. The Elgg
framework provided the developers with user management and plugin architecture. EduFeedr operates as
a front end that displays aggregated course data from the local database. Aggregation of blog posts and
comments is handled by a separate web service. Various open-source libraries such as SimplePie, JSViz,
and NuSOAP have been used. The source code is available under the GNU General Public License.

Related systems

There are a number of similar systems for coordinating blog-based learning environments. gRSShopper is
aggregator and newsletter software that has been used in several c-MOOCs (Downes, 2010). The system
aggregates all the blog posts that contain the course tag and enables the facilitator to compile a daily
newsletter based on selected blog posts and Twitter tweets. eMUSE is a learning environment that can
aggregate content from various social media platforms such as Blogger, Delicious, Twitter, YouTube,
SlideShare, MediaWiki, and others (Popescu, 2014). The instructor can view different visualisations
showing student progress and grade their assignments. StepUp! has also focus on visualisations that
display the number of social media artefacts (blog posts, comments and tweets) and the time spent on
various learning activities (Santos, Verbert, Govaerts, & Duval, 2013). There have been attempts to add
blog aggregation to learning management systems, such as the BIM blog aggregation module for Moodle
(Jones, 2013). Relying only on RSS feeds limits the communication between the blogs and the course
management tool. LePress (Tomberg, Laanpere, Ley, & Normak, 2013) and Dippler (Laanpere, Pata,
Normak, & Pdldoja, 2014) have addressed this issue by developing a special plug-in for learners using
WordPress blogs. This enables two-way communication that may include privately submitted
assignments, private feedback, and grading. On the other hand, architectures that require a special plug-in
in learners’ blogs are not suitable for open online courses in which learners typically use free blog hosting
services that do not allow the installation of additional plug-ins. In addition to syndication feeds, eMUSE
and StepUp! use application programming interfaces (API) of Twitter and other systems to aggregate
additional content. Table 2 presents the comparison of related systems, their aggregation architecture,
supported blogging services, and coordination features.

Table 2
Comparison of related systems

System Aggregation architecture  Supported services Coordination features
EduFeedr Syndication feeds WordPress, Blogger Courses, assignments,
visualisations
gRSShopper  Syndication feeds Any blogging platform Newsletters, archive
eMUSE Syndication feeds, service Blogger, MediaWiki, Courses, visualisations,
APIs Delicious, Twitter, grading
YouTube, Picasa,
SlideShare
BIM Syndication feeds, plugin ~ Any blogging platform Assignments, grading
for Moodle
StepUp! Syndication feeds, service ~ Any blogging platform, Courses, visualisations,
APIs Twitter, Toggl time tracking, Open
Badges
LePress Plugin for WordPress WordPress Courses, assignments,
grading
Dippler Plugin for WordPress WordPress Courses, assignments,

learning resources,
competences, grading

Among these systems, gRSShopper is the closest to EduFeedr, since both systems are designed for
supporting open online courses. However, gRSShopper does not support the management of assignments
and lacks visualisations of learning activities. Currently, the EduFeedr system focuses only on
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aggregating blog posts and comments, while some other systems aggregate other types of content as well.
Some of the visualisations available from eMUSE and StepUp! could serve as examples for developing
additional visualisations for EduFeedr.

Methods

In the design phase, this study employed a number of interaction design methods such as scenario-based
design, user stories, and paper prototyping. An agile software development methodology was followed, in
which the software is divided into incremental functional versions that can be released frequently. This
allowed the system to be tested in real courses with real participants and to gather both quantitative and
qualitative data to guide the design process and the evaluation study.

This paper presents the results from the use of two instruments to evaluate the latest version of EduFeedr:
(a) a survey with learners and facilitators who have used the system recently, and (b) an analysis of usage
based on Google Analytics. The survey method was chosen because the authors wanted to collect data
from users in other institutions and countries in addition to the feedback from learners in their own
courses. The survey data and the Google Analytics data were used in conjunction with each other to
corroborate interpretations made from them. In practice, the data from Google Analytics has also guided
the design of the survey.

Participants

It was decided to forward the survey to learners who had participated in a course through EduFeedr
during the previous year (N = 173) and facilitators who had run courses in EduFeedr during 2 previous
years (N = 13). A total of 61 responses were received from learners and 8 responses from facilitators. Of
these, 3 learners and 1 facilitator completed the survey only partially, but the incomplete data gathered
from them was also used when possible. The learners who responded had participated in 10 different
courses. The majority of the respondents had participated in master level courses (N = 39), but there were
also 11 bachelor students, 4 respondents from an in-service teacher-training course, and 5 respondents
from an open online course. 60% of the learners who responded were female and 40% male. The average
age of the learners was 33.5 years (SD = 10.9). Of the facilitators, 5 were female and 2 were male. The
average age of the facilitators was 39.3 years (SD = 6.8). A total of 77% of the learners had used
EduFeedr within the last 6 months. During the course, 68% of the learners visited EduFeedr at least once
each week. A total of 60% of the learners had participated in only one course in EduFeedr, 8% had taken
two courses and 32% had experience from three or more courses. The majority of the respondents also
had experience using other online learning platforms. A total of 93% of the learners had experience with
learning management systems, 58% were using Moodle at least on a monthly basis.

Survey instrument and data collection

A web-based survey was divided into four sections: (a) critical issues and important learning activities in
blog-based courses, (b) support for these learning activities in EduFeedr, (c) technology acceptance of
EduFeedr, and (d) background information about the respondents. In the first three sections, the
respondents were required to rate a number of statements on a 7-point Likert scale. Based on the literature
review and courses carried out using EduFeedr, the authors identified 16 important learning activities in
blog-based courses. The relationships between critical issues and learning activities in blog-based courses
are presented in Figure 4. Some of the learning activities are clearly related to one of the issues while
others are related to several issues. The survey contained a different set of activities for learners and for
facilitators. Activities related to following the course discussions (A1-A4) were the same for all
respondents. Learners’ survey included activities related to awareness (A5—A10), while the facilitators
had activities related to managing the course (A11-A16). The background information section included
various types of questions related to demography, the frequency of using EduFeedr and previous
experience with online learning. Considering the differences in the learners’ and facilitators’
questionnaire, the reliability was calculated separately for both survey instruments. The Cronbach’s alpha
for the learners’ survey indicated a high internal consistency (o = 0.908). Due to the smaller number of
respondents, the facilitators’ survey had an acceptable internal consistency (o= 0.718).
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Figure 4. The relationships between critical issues and learning activities

Analysis

The means (Ms) and standard deviations (SDs) were calculated for each Likert scale statement for
learners, facilitators, and all respondents. In order to depict the variation of answers, quartiles were

calculated and box plot charts were created showing the sample minimum, lower quartile, median, upper
quartile, and sample maximum.

Results

Critical issues in blog-based courses

Critical issues in blog-based courses were rated from not critical at all (1) to very critical (7) (see Figure
5). The most critical issues were the fragmentation of discussions (M = 4.45; SD = 1.61) and the
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awareness of learning activities (M = 4.16; SD = 1.84). All four issues were found to be more critical by
the facilitators than by the learners. The most noticeable difference between learner and facilitator
answers was related to 12. The lack of coordination tools was seen to be a more critical issue by the
facilitators (M = 4.88; SD = 1.81) than by the learners (M = 3.79; SD = 1.84).

Issue Learners Facilitators

I1 The discussions are fragmented between different

e I
12 There is a lack of coordination tools for managing PR Y (R 3 PR, -
courses (enroliment, assignments, etc)
13 It is difficult to be aware of important learning

S bommmm- -4 be----- -4
activities
14 It is hard to have a course that is coordinated but [ - -
still not over-structured

Figure 5. Critical issues in blog-based courses
Importance of learning activities in blog-based courses

The importance of common learning activities in blog-based courses was rated from not important at all
(1) to very important (7) (see Figure 6). Activities related to course assignments were rated as the most
important. For learners, the two most important activities were “Being aware of assignments and
deadlines” (M = 6.62; SD = 0.69) and “Getting feedback for assignments that I have submitted” (M =
6.59; SD = 0.76). Also, the facilitators rated “Keeping track of submitted assignments” as the most
important activity (M = 6.25; SD = 1.04). This can be explained by the fact that most of the respondents
were from formal higher education courses. The least important activities for learners were
“Understanding my position in the social network of course participants” (M = 4.21; SD = 1.75) and
“Following recent comments to other blogs” (M = 4.69; SD = 1.63). The facilitators on the other hand
found “Following recent comments to other blogs” to be more important activity (M = 5.63; SD = 0.74).
For facilitators, the less important activities were “Saving course data for further analysis” (M = 5.25; SD
= 1.16), “Protecting the privacy of course participants” (M = 5.25; SD = 1.39), and “Using my personal
tools to follow the course” (M = 5.13; SD = 1.73).

Support for important learning activities in EduFeedr

The respondents also rated EduFeedr on how it supports the learning activities listed in Figure 6. The
statements regarding how EduFeedr supports important learning activities were rated from strongly
disagree (1) to strongly agree (7). Both the facilitators and learners agreed that EduFeedr enables them to
follow recent blog posts (M = 5.66; SD = 1.57) and comments to other blogs (M = 5.15; SD = 1.68).
Learners also tend to agree that EduFeedr helps them to be aware of assignments and deadlines (M =
5.25; SD = 1.58) and to compare their progress with other learners (M = 5.08; SD = 1.69). The facilitators
agreed that EduFeedr enables them to manage the list of participants (M = 5.86; SD = 0.69) and to keep
track of submitted assignments (M = 5.57; SD = 1.13). The facilitators tend to agree less that EduFeedr
makes it easier to grade submitted assignments (M = 4.14; SD = 1.57) and to identify learners who need
support (M = 4.29; SD = 1.50). Both the learners and the facilitators tend to disagree that EduFeedr
enables them to protect their privacy (M = 3.64; SD = 1.39) or the privacy of course participants (M =
3.57; SD = 1.51). We recommend the participants to use an alias or protect their blog posts with a
password if they do not feel comfortable with open blogging. The facilitators also tend to disagree that
EduFeedr facilitates saving course data for further analysis (M = 3.86; SD = 0.90). Currently it is possible
to export the social network data. Both the facilitators and the learners only somewhat agreed that
EduFeedr enables them to use personal tools for following the course (M = 4.43, SD = 1.31). It is possible
to download an OPML file that can be used to subscribe to all participants’ blogs. One of the respondents
requested that EduFeedr should provide a combined RSS feed that includes all posts in the course.
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Activity Importance Support in EduFeedr

" 2 3 4 5 6 7 1 2 3 4 5 6 7

A1 Following recent blog posts F--mmmm - ~|:|:| e EI:’
A2 Following recent comments to my blog bommmmmmmm - Dj i i m ~=d

£
s}
M
A3 Following recent comments to other blogs [rrem it ~|:|:|» omimir] i ~|:|:
A4 Using my personal tools to follow the course F--------- -|:|:|> memief e -|:| ------ El
A5 Communicating with other participants Fememmemmmeaee D:| I m sl
A6 Being aware of assignments and deadlines F------ I:‘ e ~[:|:|
» A7 Getting feedback for assignments that | bmm e e fmmmmem _
2 have submitted
A8 Comparing my progress with other learners ~ F--------- ~|:|:|» mimie] Fr e i ~|:I:|
A9 Understanding my position in the social PO L I R N A i
network of course participants
A10 Protecting my privacy PR D S e |:|~ ————————— A
A11 Managing the list of participants F------ |~——-| |——-+-—4
A12 Keeping track of submitted assignments e |:| F-- «!j
g A13 Grading the submitted assignments b= «|:|:’ F----=- |:| ------ El
©
£
&  A14Identifying learners who need support = ——D [ |:| ______ 4

A15 Saving course data for further analysis Fsemem |:’ Fe----- |» -

A16 Protecting the privacy of course participants e D --4 Femmee- |:|:|

Figure 6. Learning activities and their support in EduFeedr
Technology acceptance of EduFeedr

The acceptance of EduFeedr based on the extended technology acceptance model (TAM2) (Venkatesh &
Davis, 2000) was also studied. Only sections relevant to EduFeedr were chosen from the TAM2 model
(perceived usefulness, perceived ease of use, output quality, result demonstrability). TAM2 statements
were rated from strongly disagree (1) to strongly agree (7), as recommended by Venkatesh and Davis
(2000). Therefore, a similar 7-point scale was used in other questions. Learners’ and facilitators’
responses are compared in Figure 7. The highest rated statements were those regarding the perceived
usefulness and perceived ease of use: “I find EduFeedr to be useful in my learning (job)” (M =5.13; SD =
1.70), “Interacting with EduFeedr does not require a lot of my mental effort” (M = 5.53; SD = 1.32), and
“I find EduFeedr to be easy to use” (M = 5.37; SD = 1.54). For almost all the statements, the mean
response from the facilitators was higher than from the learners. The only exception was the statement
“Interacting with EduFeedr does not require a lot of my mental effort”, which was rated slightly higher
by the learners.
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Figure 7. Technology acceptance of EduFeedr
Web analytics of EduFeedr

In order to confirm the findings of the survey, Google Analytics was used to compare the In-Page
Analytics from 10 courses in which the respondents participated. The Google Analytics data included all
visitors on the courses, as it was not possible to receive separate data about visitors who had answered the
survey. In-Page Analytics indicate the percentage and number of clicks for each visited link. Figure 8
shows the In-Page Analytics view for the course feed page in one of the courses. In this particular course,
the progress page was the most visited section (15% of clicks) followed by the course feed page (10%)
and course information page (4.8%). Fixed menu items received 41.7% of clicks on that page, with the
remainder being for the dynamic content — blog posts and comments.

In total, the front pages of these courses received 9445 page views during an 8-month period. The average
bounce rate for course front pages was 24.2%. The bounce rate refers to the percentage of visitors who
leave the site after visiting only the entrance page (Booth & Jansen, 2009). It may be considered a good
result since 3 visitors out of 4 continue browsing the course through EduFeedr. On average, visitors spent
1 minute and 9 seconds reading the recent blog posts and comments on the course feed page; the average
total length of visit to EduFeedr was 4 minutes and 58 seconds. A total of 13.7% of visitors continued
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from the front page to the progress page and 12.6% of visitors went to the participants’ page. It was also
noticed that the usage pattern changed according to the learner’s experience with EduFeedr. In courses
where the learners had previous experience with EduFeedr, more than 20% of visitors continued to the
progress page to compare their progress with other learners and to access the submitted assignments. The
progress page was also the second most visited section in the 10 courses (N = 4989). The participants’
page (N = 2712), assignments page (N = 2150) and course information page (N = 1416) received fewer
views. The least visited section was the social network visualisation page (N = 696).
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Figure 8. In-Page Analytics page in Google Analytics highlighting the percentage of clicks for each link
Comparing the results of the survey and web analytics

Usage statistics from Google Analytics support the main findings of the survey. The survey indicated that
EduFeedr enables learners and facilitators to follow recent blog posts and comments to other blogs (see
activities A1 and A3 in Figure 6). This is supported by the data from Google Analytics, which shows that
the typical visitor spent more than one minute reading the beginnings of recent blog posts and comments
on the course feed page. The survey results suggest that the learners have found it useful to compare their
progress with other learners (see activity A8 in Figure 6). This is supported by the web analytics data that
shows a high number of visits to the progress page. In the survey, the learners rated the awareness of
assignments and deadlines more important than communicating with other participants. However, web
analytics data shows that the participants’ page was visited more often than the assignments page. The
survey showed that the learners found the social network visualisation less useful (see activity A9 in
Figure 6). Web analytics data also indicated that the social network page was the least visited section.

Discussion

This study contributes to research on the use of blogs in education and provides insight into the further
design and development of tools for open learning with blogs. The findings show that both learners and
facilitators of open online courses consider the activities related to submitting assignments and providing
feedback to be the most important. Although this may be influenced by the fact that in the majority of the
courses, the students were evaluated and graded based on their blog posts, the results exhibit some
characteristics of open online courses using blogs. In these types of courses, both learners and facilitators
expect a high level of social interaction among the participants. These results are in line with a number of
studies that emphasise the motivating and compelling effect of assessed assignments on blogging (Gray,
Thompson, Sheard, Clerehan, & Hamilton, 2010; Henderson, Balatti, Knight, & Haase, 2010) and the
usefulness of reading other learners’ ideas and getting feedback on one’s own blog posts (Churchill,
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2009; Ellison & Wu 2008). The study also indicates some areas where online tools for courses using
blogs could be improved. These are discussed in more detail below.

While the learners and the facilitators were positive about how EduFeedr combines the fragmented
discussions, some relatively minor changes to the current features could improve the tool. The course
feed page, for example, currently displays a fixed number of the most recent blog posts and comments.
This has not been an issue in the current courses because the average number of course participants has
been 21. However, it would become an issue in larger courses with very active discussions. This issue
could be resolved by loading additional content dynamically when the user is scrolling down. The course
feed page could also provide combined RSS feeds for all posts and comments.

The ability of EduFeedr to help in the coordination of the course was evaluated relatively high by both
the learners and the facilitators. However, a number of improvements could be made to the coordination
features as well. EduFeedr relies solely on the data that is aggregated from Atom feeds. In several cases,
this data is not sufficient. The two most typical examples of insufficient data are: (a) the link to the
assignment specification is missing from the learners’ blog post; (b) the learner who wrote a comment
was not logged in to a blogging service. As a solution to the problem, a feature has been designed that
allows facilitators to connect blog posts with assignments and comments with an author, using a simple
drop-down menu. Having complete data about submitted assignments and written comments would
improve the browsing and visualisations of course data. Furthermore, learner profiles that aggregate all
the blog posts and comments that the learner has written in the course, would help the coordination of the
course. When compared to other features, the facilitators were less positive about how EduFeedr supports
grading. In order to support grading the assignments, EduFeedr provides a grading table that the
facilitators can download and utilise in their preferred spreadsheet application. Grading could also be
improved by having the ability to categorise and annotate the blog posts. For example, Chu, Chan and
Tiwari (2012) have proposed a categorisation scheme in which blog posts can be divided into 4 themes
(cognitive, metacognitive-reflective, collaborative/social, affective) and 10 sub-themes. This kind of
categorisation would provide a further option for browsing the blog posts, as well as helping in the
coordination process and creating opportunities for learning analytics.

In regard to the awareness of learning activities, learners found the progress chart of EduFeedr to be most
useful feature. Designing additional visualisations showing progress and relations of the learners in the
course could be useful. For instance, one of the prototypes that the authors have created compares the
number of written and received comments for each learner. Some facilitators have a practice of writing
summaries of each assignment by reflecting on how the learners did with the assignment. To promote this
good practice, EduFeedr could provide a word cloud visualisation (Gottron, 2009) that summarises the
content of student posts for each assignment. Features such as these were found to be important in earlier
studies as well. For instance, Miyazoe and Anderson (2011) have studied the effect of blog visualisations
on student learning. Their study concludes that viewing the online performance of other learners can
function as a self-regulatory mechanism and could produce improved learning outcomes.

Both the survey results and Google Analytics indicate that the learners and the facilitators found the
current social network visualisation less valuable than other sections of EduFeedr. Larusson and
Alterman (2009) have studied visualising students blogging activities in a course context where each
learner had a blog. One of their visualisations is close to the social network graph in EduFeedr. However,
their visualisation also allows highlighting interactions related to one student. This is useful when a large
number of connections make the graph cluttered. Redesigning EduFeedr’s social network visualisation by
adding different views and the ability to navigate to blog posts could provide additional value for learners
and facilitators.

The relationship between scripting and awareness is a multifaceted issue that has been studied also in
some recent research (Miller & Hadwin, 2015; Rodriguez-Triana et al., 2014; Tsovaltzi, Puhl, Judele, &
Weinberger, 2014). Rodriguez-Triana et al. (2014) suggest a process in which monitoring of learner
interactions is designed into pedagogical scripts and awareness tools can advice learners based on the
collected data. In a simplified way, this process is followed also in EduFeedr (e.g., when learners are
asked to include a link to the assignment specification in their blog post and decisions can be made based
on progress visualisation). Tsovaltzi et al. (2014) studied how group awareness tools and argumentation
scripts influence learning in Facebook. One of their results was that group awareness support of
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upcoming argumentative processes could be actually counterproductive for learning. Using
argumentation scripts to guide the discussion in blogs would require a more rigid structure. For example,
argument types could be specified in comments using hashtags. Miller and Hadwin (2015) discussed how
using scripting tools together with group awareness tools could support regulation of collaboration.
Combining scripting tools with blogs is an issue that needs further research. From the technical
perspective, scripting tools cannot be easily integrated with free blog hosting services that are typically
used in open online courses. Also, scripting tools often impose a more defined structure for the
collaboration while blog posts and comments have a relatively simple structure. These issues may lead to
a danger of over-scripting.

In the study, there are two limitations. First, the learners participating in the study had rather different
levels of experience with EduFeedr. Some of the learners had participated in courses where all the
features of EduFeedr were used extensively. Other learners took courses where the facilitator didn’t
specify assignments in EduFeedr and therefore fully lacked the progress chart that is one of the most
visited pages in a typical EduFeedr course. Thus, the responses from learners who didn’t use one of the
most important features of EduFeedr, may have slightly distorted the overall results. Learners from
courses where the assignments feature was used had slightly higher agreement with the statements
“EduFeedr helps me to compare my process with other learners” (M = 5.27, for all learners M = 5.08) and
“I find EduFeedr to be useful in my learning” (M = 5.18, for all learners M = 5.05). Secondly, the survey
method itself is limited in research, which is partly aiming to serve design. In design research one needs
also rich qualitative data that is gathered through user observations and interviews.

Conclusions

This paper addressed four research questions and design challenges that are crucial for designing online
tools for open learning with blogs: (a) combining and presenting fragmented discussions, (b) providing
coordination structures, (c) supporting awareness, and (d) preventing over-scripting of courses. These
questions and challenges stem from the authors’ own research as well as from their review of related
research on using blogs in learning (Churchill, 2009; Kim, 2008; Sim & Hew, 2010). In order to study
how and to what extent these challenges could be addressed in the design of an online learning tool, the
prototype EduFeedr was designed and developed. A survey was conducted to research learner and
facilitator perceptions on the importance of these challenges and related learning activities, as well as
their satisfaction with how EduFeedr addresses these challenges. A total of 61 learners and 8 facilitators
from 10 courses completed the survey.

The results of the study confirmed earlier research that identified the fragmentation of discussions and the
awareness of learning activities as critical issues in blog-based courses (Kop et al., 2011; Xie et al., 2008).
On the other hand, the lack of coordination structures and the danger of over-scripting, also reported as
important in earlier studies (Dillenbourg, 2002), were not found to be that critical in this survey. Through
the design process of EduFeedr, a number of solutions were found which addressed the issue of
fragmentation of discussions. Indeed, learners and facilitators agreed that EduFeedr enabled them to
follow recent blog posts and comments. Moreover, the EduFeedr design also addressed the lack of
coordination structures, and supported awareness in open learning with blogs; learners and facilitators
agreed that EduFeedr enabled them to monitor the submission of assignments and compare progress with
other learners. Usage data from Google Analytics supported the survey findings. However, it was
concluded that the danger of over-scripting the learning activities is a more comprehensive pedagogical
issue that cannot be addressed solely by the design of online learning tools.

The main contribution of this study is to highlight the issues that arise in open learning with blogs and to
explore ways of addressing these issues in tool design. The authors consider the support of increased
awareness on the part of learners and facilitators to be the most promising direction for future research.
This is related both to information visualisation and learning analytics of blog-based learning
environments. EduFeedr would benefit from additional visualisations that help to compare learner
activity in blog-based discussions. More evaluations are needed on the actual use of EduFeedr in different
types of blog-based courses. Also, the danger of over-scripting is a complex issue that needs further
study.
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Abstract

A Personal Learning Environment (PLE) can be understood as an individual’s
perception of the resources and activities in relation to a particular learning project.
Such an understanding of the individual’s PLE can be externalized by following a
personal learning contract procedure. Individuals themselves set up their objectives,
select potential resources and design their learning strategy. Implementations of the
learning contract procedure have shown that individuals would benefit from having
guidance for explicating their learning objectives, procedures and resources.
Generic tools (such as weblogs) that are often used for writing learning contracts do
not provide this kind of scaffolding.

In this paper we present the design process and conceptual design of LeContract
tool, which attempts to support the personal learning contract procedure. LeContract
provides structural templates that define important parts of the learning contract.
During the learning project the contracts can be reviewed and the achievement of
individual learning objectives can be evaluated.

1. Introduction

There are various interpretations of the PLE concept (e.g. Arenas 2008; Harmelen
2006; Kolas and Staupe 2007; Wilson et al. 2007; Atwell 2007). Most of the
educators and researches tend to talk about PLEs as instruments typically
associated with social media (Johnson and Liber 2008) an individual can choose and
control. A mainstream understanding is that a PLE is either a single technological
application (e.g. Netvibes, Weblog, Flock) hosted and partially controlled by
institutions or a collection of them chosen by each individual, rather than the
institution (Jones 2008).

Fiedler and Pata (2009) define a PLE as a collection of instruments, materials and
human resources that an individual is aware of and has access to in the context of
an educational project at a given point in time. Thus, they stress the importance of a
relationship between an environment and an educational project. While an
environment is understood generally as (constructed) conditions that surround an
individual and provide a setting in which the individual operates, it becomes a
learning environment when one wants to carry out a learning project (Valjataga and
Laanpere, forthcoming). In this case the individual starts to perceive potential
activities and (lack of) resources (natural objects; people; mental, physical and digital
artefacts) of his/her environment in relation to a particular learning project at a given
point in time. The particular learning project gives a meaning and awareness to the
perceived resources that are located in the individual’s learning environment.
Although the dominant thinking of PLEs is related to web-based technology, the
authors of this paper want to point out that a PLE does not necessarily have to make
use of technological applications. However, as much of our activities and life are
gradually moving to Web, technological means in one’s PLE start to be more and
more a variety of social media applications, providing possibilities to extend one’s
perceived environment.



In order to understand and analyze individual’s perception of a particular learning
environment, his/her mental model of it needs to be externalized and articulated.
One of the potential tools that serve the purpose of externalizing individual’s learning
intentions with a perceived environment is a personal learning contract procedure
(Harri-Augstein and Webb 1996). Personal learning contracts allow individuals to
describe their objectives, (preferably set up by themselves), explicate the design and
formation of their learning experiences as well as selection (perception) of potential
resources according to a particular project. However, such an explication is often
hard to achieve unguided. As many learning processes are inevitably required to be
mediated by emerging networked technology, a suitable medium should be chosen.
Implementations of the learning contract procedure into existing teaching and
studying practices in formal higher education have shown that individuals would
benefit from having guidance for explicating their learning objectives, procedures
and resources. However, existing generic tools (such as weblogs), that could be
considered as one option for writing down learning contracts, do not provide this kind
of scaffolding. The deficiency is seen in lacking a clear structure. Furthermore,
combining written learning contracts with chronological, but at the same time
miscellaneous, posts makes it hard for involved actors to carry out learning related
conversations, monitoring and reviewing. Thus, the authors of this paper believe that
a special personal learning contract tool — LeContract — that can provide the
necessary scaffolding for learners and facilitators in technologically mediated
learning settings would be beneficial.

2. Related work
While there are many static learning contract templates available in web there is little
work done in the similar direction as LeContract.

MEShaT is a web-based tool for monitoring and experience sharing in a project-
based learning (Michel and Garrot-Lavoue 2009). Among other features it contains a
learning contract tool that is shared between the student, the tutor and the project
team. Main focus of MEShaT is in monitoring the individual and group activities in a
project based learning. Michel and Garrot-Lavoue do not mention any specific
guidance for writing the learning contracts.

There are attempts to standardize learning actions in a formal and uniform way.
These attempts have resulted in the Learning Path Specification (Janssen et al.
2008). The aim of Learning Path Specification is to enable the exchange of courses
by making the learning actions comparable. Special tools that are based on the
Learning Path Specification have been developed in TENCompetence (Herder et al.
2010) and IntelLEO (IntelLEO 2010, 76) projects. However, there is a major
difference between describing learning paths and writing learning contracts. In a
personal learning contract the learner is expected to describe the learning
objectives, resources, strategies and evaluation criteria in his/her own words.

There is no known social software tool that has specific support for writing learning
contracts. A social networking site 43 Things enables people to share their goals and
hopes. Many people are using this site to share their learning goals and find people
with similar interests. Some ideas in 43 Things have influenced the design of
LeContract.

3. Design methodology
The design process of LeContract is based on the research-based design
methodology (Leinonen et al. 2008). We have used this methodology in several



earlier projects (Leinonen et al. 2010; Pdldoja and Laanpere 2009) and it has proven
to be a flexible and lightweight methodology that supports end-user participation in
any stage of design. The research-based design process is divided into four iterative
stages, which may happen partly in parallel: (1) contextual inquiry, (2) participatory
design, (3) product design, and (4) production of software as hypothesis.

The aim of contextual inquiry phase is to define the context and preliminary design
challenges. In the case of LeContract the main context is higher education and
professional training with self-directed learners. The design challenge is to support
the writing and reviewing of learning contracts. In recent years the authors have
organized six local and international master level courses where students used blogs
to write down learning contracts. In total more than 200 students participated these
courses. In the contextual inquiry phase we observed how learning contracts were
written and reviewed in these courses. Students found that the main difficulties were
related with setting up meaningful learning objectives, strategies and measurable
evaluation criteria. It could be argued that having a clear structure and guidelines
would scaffold this process. On the other hand teachers perceived the main difficulty
being related with following and reviewing the learning contracts in a distributed
learning environment. We also interviewed several students to find out how learning
contracts supported their learning process and what kind of difficulties they
encountered. Based on the interviews we compiled a list of goals that students and
teachers have with learning contracts.

As an outcome of contextual inquiry we created four personas that describe goals
and motivations of the archetypal users. The creation of personas is a user modeling
method where composite user archetypes are created based on the behavioral
patterns and motivations of real users. According to Cooper et al. (2007) personas
can be divided into six types: primary, secondary, supplemental, customer, served
and negative. Our primary persona is a master student Maria who is a self-directed
learner (see Figure 1). Secondary personas are mostly satisfied with the primary
persona’s interface but have some specific additional needs. In our case these
include teacher who has to review the learning contracts and adult learner who is
interested in the social networking aspects of LeContract. Fourth persona is a
supplemental persona about a teacher with slightly different goals. Each persona
includes a short description, goals and a photo. Persona goals were written in the
first voice to draw a stronger connection between the design team and the personas.



Maria

Maria has studied information science and now she is doing her
Master’s studies in interactive media. At the same time she has a full
time job as a school librarian. Therefore she is interested in combining
school assignments with her work as much as possible. At the same
time she is a self-directed learner who likes to go in depth in topics that
are interesting for her.

Goals:

Personalization: “It is hard to have a full time job and be a master
student at the same time. If possible, then | try to choose assignments
that can be connected with my work.”

Scaffolding: “I feel that often it is difficult to specify all the resources

Age: 26 and actions that | have to make in order to achieve my learning
X objectives. Good examples from other learners help me to refine my
Education: Master student »
contract.
Occupation: librarian Awareness: “It was good that we had to review our learning

contracts. This way | was constantly aware of my objectives and
thinking about the strategy to achieve my goals.”

Photo by Alessandro Vall,
taken from hitp:/fwww.lickr.com/photosfiquene/443546 7897/

Figure 1. Primary persona of LeContract

The second phase of research-based design process is participatory design.
Participatory design approach emphasizes the importance of involving all the
stakeholders from the early phases to design process. Its roots go back to the
1970’s when members of workers and trade unions in Scandinavia started to
participate in the design and deployment of computer systems at their workplace
(Ehn 1992). Participatory design process should be carried out in the context of
actual use rather than in design laboratories. LeContract project started quite
recently but in the coming autumn term 2010 we have plans to integrate the design
process of LeContract in one of the courses where our students will use learning
contracts. In participatory design process we are not only designing a concrete piece
of software but we have to understand how it fits into a larger system. This system
includes networks of learners, their current practices and other tools that they are
using for learning purposes.

In order to communicate the design ideas with all the stakeholders we need simple
communication tools. One of the methods that is commonly used in the participatory
design is scenario-based design. Scenarios are simple stories of people and their
activities. Typical scenarios have several characteristic elements. They take place in
a certain setting and include actors who have specific goals (Potts 1995). The main
purpose of scenarios is to evoke reflection on the design issues. Scenarios can be
written from many different perspectives. For example problem scenarios can
describe the current situation and encourage discussions about it. Scenarios can be
easily revised by end-users who may understand the actual context better than the
designers (Carroll 2000).

In this phase we wrote five scenarios that describe typical use cases of LeContract.
These scenarios included (1) first experience with LeContract, (2) writing a learning
contract, (3) reviewing the learning contracts, (4) creating learning contract



templates, and (5) browsing the learning contracts. Previously created personas
were used as actors in the scenarios. With each scenario we also wrote a set of
questions to start up the discussion. An example scenario with questions is
presented in Figure 2.

Maria is a master student who is taking a course on learning theories. In the beginning of the course
all the students are asked to write a learning contract. Their teacher is suggesting to use LeContract
web site to compose their learning contracts.

Maria goes to LeContract website. She explores the site for a minute and then creates a user account
for herself. After logging in she finds quickly how to create a learning contract. LeContract provides
learning contract templates in different languages. Maria will choose a template that their teacher
suggested to use and will start writing her learning contract. The template has fields for the learning
objectives, resources that she will need, strategy to achieve the objectives and evaluation criteria.
There are also short help texts that explain what she could write in the learning contract.

When she is done with the learning contract she will add a few keywords that characterize her
contract. It is possible to choose from the set of predefined keywords or add her own keywords. In
this course she is interested in constructivism, planning to read Piaget and Vygotski.

Finally she is ready to save and publish the learning contract. She will notice that it is also possible to
adjust the privacy settings, share the learning contract to social networking sites and get an embed
code. When the contract is published she will copy the embed code and add it also to her study blog.

Questions:

® Did this scenario evoke any thoughts?

¢ |s there something you would like to change in that scenario?

¢ Could you image yourself to the role of the learner?

¢ Are there privacy issues related to the learning contracts? Can any learning contract be public?

Figure 2. An example scenario about writing the learning contract

The scenarios were used in participatory design sessions with three teachers and
learners who have previous experience with learning contracts. The participants
were reading the scenarios and we had a discussion about each scenario. The
design sessions were recorded with an audio recorder. A short summary was written
about the main outcomes of each design session.

As a result of the participatory design phase we defined the preliminary concepts of
LeContract. These concepts are (1) learning contracts, (2) learning contract
templates, (3) learners and (4) courses. Relationships between these concepts and
key features of LeContract are described in details in the next section.

We are currently in the third phase of research-based design process. The aim of a
product design phase is to define the use cases and basic interaction with the
system. Two main methods that we have used in this phase are user stories and
paper prototyping.

User stories are part of an agile software development methodology where they are
used to build the bridge between the developers and the end-users. Typical user
story describes one feature or requirement in two or three sentences in the everyday
language of the user. Cohn (2004) suggests that user stories should be written by
end users. In our case the initial set of user stories was written by the designers.
Users stories will be negotiated with the end users and additional stories will be
written in the upcoming participatory design sessions. From the software
development perspective it is important that the user stories are independent, it is
possible to estimate the time needed to implement the story, and to test the
implementation. User stories are published in the software development




environment Trac where stakeholders can discuss and revise the user stories. When
the stories are finalized they will be accepted by the main designer.

User stories focus only on the functionality, not on the appearance. Therefore we
prepared paper prototypes about these user stories that required a detailed
description of the user interface. When making the paper prototypes we followed the
practices suggested by Snyder (2003). We divided the required interface into smaller
elements so that each screen form, dialog box or a drop down menu was drawn on a
separate piece of paper. This way it is easy to rearrange the user interface elements
in a different way. Also, a new version of the interface element can be drawn quickly.
In a paper prototyping phase it is possible that we find required features that are
missing from the initial user stories.

We are planning to organize additional participatory design sessions with paper
prototypes. In these sessions we will give open-ended tasks in which the users have
to interact with the paper prototype. In case of problems we will also discuss and
revise the related user stories.

4. Key concepts of LeContract

We will present the conceptual design of LeContract through explaining the key
concepts that we have indicated in the current phase of the design. These concepts
and relationships between them are presented in Figure 3.

Learners

\ \ have
write Learner profile
create /
write create

displays

[Learning contracts]

N S

have can be added to  are categorized by are based on

o / '
(Comments) [Learning contract templates]

are categorized by contain

Figure 3. Key concepts of LeContract

4.1 Learners

LeContract is designed according to the principles of social software (Crumlish and
Malone 2009), not according to the common design principles of learning
technology. Therefore we have decided not to make a technical distinction between
the roles of a teacher and a learner. While they have different goals and motivations
for using LeContract they will share the same user interface and user rights.

We have currently decided to name this role a learner. This was preferred to more
technical choices like member or user. We expect that LeContract will be used in



learning settings where the teacher is in the role of a facilitator and fellow learner. In
the design sessions it came out that one of the teachers was also writing learning
contracts in her courses.

Each learner has a learner profile that contains links to all learning contracts and
learning contract templates that s/he has created. Social networking is implemented
as asymmetric following. This type of connection is suitable when content (learning
contracts) are more important than a personal relationship. Learners can start
following other people whom they know or who have similar learning objectives. The
person will be notified about the new follower but is not required to make a two-way
connection. Learner profile will display links to followers and to people whom the
learner is following.

4.2  Learning contracts

Engestrom (2005) suggests that successful social networking services are built
around ‘social objects’. For example Flickr is built as a photo sharing site and
Delicious is built around bookmarks. In case of LeContract the main social objects
are learning contracts.

Learning contracts in LeContract are based on templates that are scaffolding the
writing process with a certain structure and guidelines. Each section in the learning
contract provides some guiding questions that help the learner to specify his/her
learning objectives, strategy or evaluation criteria. The default template that is
presented in Table 1 is modified from Anderson et al. (1996) and Harri-Augstein &
Webb (1996). The reflection section is not displayed when the learner is writing the
initial version of the learning contract. In the tags section the learner is expected to
summarize his/her main learning objectives as fags, free user-generated keywords.
These tags will be used to link learners with similar learning objectives. The table
also specifies whether the template field is a single-line text input or multiple-line
textarea.

Table 1. Structure of the default learning contract template.

Section Guiding questions Field type
Topic What is the topic | wish to learn about? text input
Purpose What is the purpose of my task? Why do | textarea

wish to learn about or learn to do a
particular task?

Resources What kind of technological, material and textarea
human resources do | need? How can | get
access to these?

Strategy How do | intend to go about learning this textarea
particular topic/task? What action may be
involved and in what order will these be
carried out?

Outcome evaluation How will | know when | have completed the | textarea
task/topic successfully? How shall | judge
success?

Reflection How well did | do? What has worked? What | textarea
has not worked? Why? What remains to be
learnt? What are my strengths and what are




my weaknesses? What shall | do next?

Tags What do | want to learn? My main learning | text input
objectives as tags, separated by commas.

Important part of LeContract is reviewing the learning contracts. Facilitator and
fellow learners can comment the learning contracts. It is common that the initial
learning contracts lack details in several areas. In the design sessions it came out
that teachers had difficulties with commenting learning contracts when these were
published as blog posts. They would like to have a way to attach comment to a
certain section in the learning contract. When the learner has revised the learning
contract according to the comments s/he can save a new version of the learning
contract. Older versions of learning contract will also remain available, so that it is
possible to see how the learning contract has evolved over the course. LeContract is
designed with an understanding that writing learning contracts is an iterative
process.

It is possible to embed the learning contracts to any web site that supports
embedding (for example web log, forum, etc.). Embedded version of the learning
contract works as a teaser that will invite people to read the complete version of
learning contract in LeContract. We expect that the review process will be carried out
in LeContract, not in blog post comments.

With learning contracts we also have to think about privacy issues. While we
promote the use of open learning environments (Pdldoja and Laanpere 2009), we
understand that not all learners are ready to share their learning strategies in public.
There are sensitive topics that can be better discussed in closed learning
environments. In LeContract it should be possible to create private learning
contracts and share them only with a person who is going to review the contract.

4.3  Learning contract templates

Learners can also create new learning contract templates from scratch or through
customizing the existing templates. At first this is important for translating learning
contract templates to a different language. Secondly some facilitators may feel that
the default template is not suitable for their needs. For example they would like to
have guiding questions that are specific for their course. Facilitators can then point
learners into certain learning contract template. Also self-directed learners may have
a need for their personal template. The number of sections in the template is not
fixed but topic and tags are required in every template. All created learning contract
templates can be browsed by language and title.

Learning contract templates created in LeContract will be published under the
Creative Commons Attribution license. This way learning contract templates can be
considered as open educational resources (Schaffert and Guntram 2008). We
reckon that creating a learning contract template is a micro-contribution and
attribution requirement is enough to protect the authors. Attribution license is most
compatible with other open licenses and makes it possible to reuse the learning
contract templates in a wider ecosystem of open educational resources.

44  Courses

In the design session it came out that in a formal learning setting teachers would
need a possibility to link together all the learning contracts from the same course.
For satisfy this requirement we introduced the concept of courses. Every learner can
create a course in LeContract. Each learning contract can be added to one course.




Having all learning contracts from one course categorized gives us also other
benefits. For example it is possible to create a tag cloud that presents all the
learning objectives from that course. In an informal learning setting learners can
simply ignore the course feature.

5. Conclusions and future work

LeContract can be a considerable support tool for an individual. It provides a
framework for structuring learning activities and helps to 'mirror' the learning
process to the learner and facilitator. As the needs of learners are articulated into
specific purposes, the resources identified and the strategies developed it is a
promising mechanism that can provide evidences whether there has been a valued
change in one’s own ways of thinking and perceiving. On the other hand LeContract
is a great source for a facilitator to understand the learner’s progress and its
dynamics.

This paper described the design work that is still in progress. In the current phase
we have indicated the key features that are needed for writing, reviewing and
sharing learning contracts on the web. More design work is needed for reviewing the
learning contracts and connecting learning objectives with evidences in learners’
blog or e-portfolio.

The development process has shown that research-based design methodology
provides a flexible framework for designing new tools for learning. Scenario-based
design enables to involve the stakeholders to the design process and receive
constructive feedback for early design ideas. Personas, scenarios and other
artefacts developed in the design process are published in LeContract development
site (2010).
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Abstract Although there exist several alternative frameworks and standards for de-
scribing the digital competencies expected from teachers, there is a lack of Web-based
assessment tools that allow authentic, reliable and valid assessment of these compe-
tencies. This paper addresses the design challenges related to a software solution for
self- and peer-assessment of teachers’ digital competencies. The empirical part of the
paper describes the participatory design process and results from the first user testing
of a Web-based self- and peer-assessment tool DigiMina, which supports teachers in
building and sharing a personal competency profile. In DigiMina, the competencies
are assessed by a teacher herself or by her peers using the performance indicators that
are based on the competency model NETS for Teachers created by the International
Society of Technology in Education.

Keywords educational technology - digital competencies - self-assessment - peer-assessment -
conceptual design

1 Introduction

The use of Internet has grown rapidly both in quantity and in quality: while the

number of Internet users worldwide increased from 0.36 (in 2000) to 2.26 billions
(end of 2011), also the way people make use of WWW has changed significantly.
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Instead of passive reading and downloading, WWW is increasingly used for distrib-
uted and collaborative learning [21]. We are entering the digital age, where majority
of artifacts created by us at the workplace and at home are digital and accessible over
Internet. Desktop computers are not anymore the dominant hardware devices for
accessing the Internet as our mobile phones, TV sets, office and home appliances
turn digital and get online. Schools have to cope with the situation where children are
in many ways more competent in handling these new digital tools than teachers. In
order to avoid alienation from society, technology-related teacher training needs
upgrading: focus should change from “how to use MS Word” towards “how can I
improve my work and my students’ learning with this new digital technology”. This
paper addresses the recent changes in defining the content and format for teachers’
digital competency standards and proposes an innovative Web-based tool and method
for online assessment of these competencies.

We argue that generic ICT competency frameworks such as International Computer
Driving Licence (ICDL) [9] provide too narrow and de-contextualized perspective on the
use of ICT in teachers’ work. Therefore several international initiatives are aiming at
developing more relevant digital competency frameworks for teachers. These competency
frameworks are outlined in the following section of this paper. In this study we define
competency in line with [26], as an integrated set of personal characteristics (e.g. skills,
knowledge, attitudes, social capital, experiences) that an individual possesses or needs to
develop in order to perform an activity within a specific work-related context. Teachers’
digital competencies are here used as a synonym for educational technology competencies:
these are the competencies that are expected from teachers in digital age, in order to facilitate
efficient and creative learning of their students, but also to coordinate their own sustainable
professional development in the context where the pace of technological innovation is only
increasing.

Our research is carried out in the contexts of pre-service and in-service teacher
education in Estonia. The national Educational Technology Competency Model
(ETCM) [27] for teachers is presented in section 3.1. While many teachers have
participated the professional development courses on using educational technology,
there is a low awareness of educational technology competencies. In order to plan
teachers’ professional development and training needs it is necessary to measure their
level of educational technology competencies. One option to assess the educational
technology competencies is to use a Web-based assessment tool. However, ETCM
contains also complex performance indicators that cannot be assessed using simple
automated tests. Other assessment methods such as self- or peer assessment are
needed to assess these competencies. This paper addresses the following research
problem: to what extent and how could be teachers’ educational technology compe-
tencies assessed using a Web-based tool?

Together with the assessment method we are designing and developing a Web-based
assessment tool named DigiMina (DigitalMe in Estonian). In section 3 we discuss the
main design challenges for assessing teachers’ educational technology competencies.
The following sections describe the participatory design research methodology that is
used in this study, the conceptual design of DigiMina tool and the current software
implementation of DigiMina tool. The final section will summarize the results from the
first field trial of DigiMina involving 50 teachers.

This article is a revised version of a paper presented at the 10th International Conference
on Web-based Learning (ICWL 2011) [25]. It has been extended by a description of the
software implementation and a validation study.
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2 Teachers’ digital competencies

There are several initiatives and approaches aiming at developing standards, which can be a
basis for measuring teachers’ educational technology competencies. In this section we will
shortly discuss three of them.

Hinostroza et al. [13] claim that there are at least two approaches to defining ICT-related
competences: the traditional one aims at defining skills oriented towards mastering the
hardware and software [2, 24], while the alternative approach is describing wider compe-
tencies that can be developed while using software as means [1]. The latter competences
refer for instance to distance collaboration and communication; creation, sharing and
mastering knowledge through filtering information; allocation of materials, creation of
communities etc. [14, 3]. For instance Goodyear et al. [11] looked at digital competencies
associated with the roles of teachers while facilitating online courses with different hardware
and software.

One of the most widespread digital competency standards, the International Computer
Driving License (ICDL) started as a European initiative but has currently expanded to 148
countries. ICDL certifies that the holder has knowledge of basic concepts of Information
Technology (IT), technically it should be accepted in any field or occupation. Modules like
concept of ICT, using personal computer and managing files, word processing, spreadsheets,
databases, presentations and communication have to be completed in order to achieve the
basic level of digital literacy [9]. Testing takes place in certified exam centers and contains
both multiple-choice tests and tasks performed with the help of computers in the lab.

European Schoolnet [10] conducted the survey by analyzing the policies of European
Teachers’ ICT competencies and points out that although ICDL is commonly agreed
certification, it is too much focused on generic ICT skills. Because of this, ICDL framework
is neglecting dimensions, which are pedagogically significant [3] and is leaving out impor-
tant contextual information. In addition, ICDL was criticized for poor support for tracking of
informal learning that happens outside the school environment.

UNESCO ICT Competency Framework for Teachers (ICT-CFT) aims at improving
teachers’ practice using ICT in professional activities by providing a set of guidelines for
creating national-level competency models. The framework addresses six sub-domains of
the teachers’ work: policy and vision, curriculum and assessment, pedagogy, ICT, organi-
zation and administration, and teacher professional development [29].

National Educational Technology Standards for Teachers (NETS-T) is a competency
model developed in 2008 by the International Society for Technology in Education (ISTE)
[18]. ISTE NETS-T aims to make teachers as role models for students with regard to digital-
age knowledge work skills. The main advantage of ISTE NETS-T is support for standard-
based performance assessment in the similar way for teachers, school administrators and
students. ISTE NETS-T acknowledges the importance of developing and assessing compe-
tencies in the authentic context of teachers’ work.

Each of the discussed competency frameworks has its benefits in specific context. ICDL
provides globally acknowledged and easy-to-implement generic ICT skill tests for profes-
sionals in various fields, whereas UNESCO and ISTE have more contextualized,
competency- and performance-based approach.

Estonian policy-makers have chosen ISTE NETS-T as the most suitable framework for
developing the national educational technology competency model for teachers (ETCM).
This competency model was recently finalized by a group of experts (including two co-
authors of this paper) and it serves as the basis for developing competency tests also for
DigiMina project. The model aims at in-service teachers’ competency development in

@ Springer



258 World Wide Web (2014) 17:255-269

primary, secondary, vocational and higher education level. The model consists of five core
competencies:

Facilitate and inspire student learning and creativity

Design and develop digital-age learning experiences and assessments
Model digital age work and learning

Promote and model digital-age citizenship and responsibility
Engaging in professional growth and leadership

kW =

Each of these competencies includes 4 detailed sub-competencies, which are defined in
performance-based and contextualized manner.

3 Design challenges

In the following section we will analyze the main design challenges for Web-based assess-
ment of teachers’ digital competencies. The analysis is addressing these challenges in
relation of two different perspectives: (1) how to select appropriate methods and instruments
for assessing digital competencies, and (2) how to implement selected assessment methods
in a Web-based tool.

3.1 Measuring digital competencies

Measuring digital competencies is a challenging task, which is seen in several attempts to
develop frameworks and models. According to Calvani et al. [3] there are no adequate
instruments to assess and promote educational technology competencies. Cumming and
Maxwell [7] put emphasis on two major theoretical considerations. The first relates to
conceptions of validity, with emphasis on the appropriateness of assessment tasks as
indicators of standards, and on the appropriateness of interpretation of assessment outcomes
as indicators of learning [7]. Assessment methodology and instruments must be reliable,
valid, flexible, but also affordable with respect to time and costs. Methodology together with
assessment instrument must ensure that assessment decisions involve the evaluation of
sufficient evidence to judge the level of competency of the teacher.

Reliability in our context is understood as a measure of the reproducibility, consistency
and accuracy of an assessing methodology [30]. The methodology must demonstrate similar
outcomes for teachers with equal competency at different times or places, regardless of the
assessor conducting the assessment.

Validity, on the other hand, focuses on whether an assessment methodology and its instru-
ment actually succeeds in evaluating the competencies that it is designed to evaluate [30].
Validity refers to the extent to which the interpretation and use of an assessment outcome can be
supported by evidence. In order to assess whether a teacher is competent, they are judged
against competency standards or competency benchmarks developed by a group of experts. A
competency standard is comprised of individual units of competency that include the essential
information needed to assess a teacher. However, there is a question what sort of evidence needs
to be collected in order to assess and make judgments on which benchmark a teacher meets.

For instance, for measuring clinical competencies, Miller [23] has developed a pyramid
of competencies, which is a simple conceptual model outlining the issues involved when
analyzing validity. The pyramid consists of four levels:

1. knows—Dbasic facts
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2. knows how—applied knowledge
3. shows how—performance assessment in vitro
4. does—performance assessment in vivo

Such a conceptual model has also a potential in the context of teacher education and their
educational technology competencies. Taking the model as a basis and looking at the ways
of how educational technology competencies have been assessed, the literature overview
shows that the majority of assessment models and tests focus on the first basic level—
assessing a pure technological knowledge and skills with basic computer-based multiple
choice tests. Developing such tests is rather time consuming, but they guarantee high
reliability because of the large number of items that can be easily tested and marked [30].
The main drawback of these tests is seen in their de-contextualization, lack of authenticity in
tasks and assessment of the most trivial parts of knowledge.

For assessing educational technology competency advancement such an approach has
some limitations and has led to an increasing focus on more sophisticated assessment
methods such as testing “knows how”—i.e., the assessment of knowledge as applied to
problem solving or educational technology reasoning and decision-making in specific
contexts. Thus, the test items must be problem-based and situated in authentic context.

Level 3, “shows how” in Miller’s pyramid, can be assessed by practical examinations,
observed long or short cases. The only way to assess level 4, “does”, is to observe the person
at work in the real world. As the levels 3 and 4 are difficult to perform in an online
environment, our focus is on level 2: “knows how”. Difficulties in setting up “knows
how” tests involve combining the application of knowledge with the large range of problems
[30]. “Equally, reference to the context in which competencies are acquired is important, as
is reference to the context in which they will subsequently be applied” (p.9) [8]. Digital
competencies cannot be separated from the practical contexts in which they are acquired and
applied.

We identified 5 levels of performance for each competency in ETCM and created an
assessment rubric, which provides a “knows how” performance criteria [8] for each level.
The main difference in comparison to the previous competency models is the emphasis of
our assessment rubric on facilitating and supporting learners to use technology for devel-
oping their creativity, personal learning environment, learning habits and skills, but also in
contextualizing the performance indicators in real-life situations a digital-age teachers are
facing today in Estonia.

We also created a set of problem-based cases anchored in authentic settings of teachers’
work and related self-test questions that allow automatic feedback from the DigiMina tool.

The second design challenge for DigiMina project is to define methodologically sound
self- and peer assessment test items for each performance indicator, allowing to measure
each competency in valid and reliable manner.

3.2 Web-based assessment of competencies

As authentic context for performance is one of main defining aspects of competency [26],
authentic assessment methods seem to be the most suitable for measuring the level of compe-
tency. Quite often, authentic assessment methods are contrasted with standardized testing and
other forms of computer-assisted assessment [22]. Yet, the authenticity of the assessment could
be implemented in various ways, without a need to avoid computer-assisted assessment tools.
Gulikers et al. [12] have suggested a five-dimensional framework for authentic assessment,
defining five different aspects of enhancing the authenticity of assessment:
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» tasks: meaningful, relevant, typical, complex, ownership of problem and solution space;

» physical context: similar to professional work space and time frame, professional tools;

» social context: similar to social context of professional practice (incl. decision making);

* form: demonstration and presentation of professionally relevant results, multiple
indicators;

» criteria: used in professional practice, related to realistic process/product, explicit.

Using the DigiMina software as hypothesis, we demonstrate that authenticity could be
built in the Web-based assessment tool by addressing all five dimensions of Guliker’s
framework.

The third challenge of DigiMina project is to combine the requirements for authentic
assessment of competencies with the limited possibilities of an online testing tool.

4 Methodology

The design process follows the research-based design methodology [20]. In this methodol-
ogy the design process is divided into four iterative stages, which may take place partly in
parallel: (1) contextual inquiry, (2) participatory design, (3) product design, and (4) produc-
tion of software as hypothesis.

The main aim of contextual inquiry phase is to define the context and the design
challenges. In case of DigiMina the main context is teacher education with special focus
on novice teachers who are doing their induction year in schools. The design challenge is to
enable teachers to evaluate their educational technology competencies. In this phase we used
personas [6] as a method to describe the goals and motivations of archetypal users. We
developed five personas that cover our expected user groups: (1) teacher training master
student, (2) novice teacher, (3) experienced teacher, (4) educational technologist of a school
and (5) trainings manager. These personas served as a basis for writing the scenarios.

The second phase of research-based design process is participatory design, involving
potential users of the system in design sessions. In order to communicate the design ideas
with our stakeholders we need simple and non-technical communication tools. One such
communication method is scenario-based design [4] where typical use cases are described as
simple stories of people and their activities. These stories can be used in a participatory
design session to evoke ideas and discussion. We prepared four main scenarios that
addressed directly the above mentioned design challenges: (1) master student is evaluating
her educational technology competencies, (2) peer assessment of problem solving tasks, (3)
educational technologist of a school is getting an overview of teachers’ educational tech-
nology competencies and (4) training manager is compiling a training group with sufficient
level of competencies.

The scenarios were evaluated in two participatory design sessions. The first session
included 3 novice teachers. The second session included an expert teacher and a teacher
trainer. The first design session focused on the first two scenarios, the second design session
included all four scenarios. While the participants found the scenarios realistic they pointed
out several details that could be changed in the scenarios. The design sessions indicated need
for two additional personas: facilitator of master students and novice teachers, and a teacher
trainer. As an outcome of the participatory design phase we have defined the main concepts
of DigiMina. These are discussed in the next section.

The third phase of research-based design process, which was product design, resulted with
use cases and basic interaction. This was done through agile user stories [5] and prototyping.
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User stories were mapped to the information architecture diagram. We have developed a set of
paper prototypes and high-fidelity prototypes about main pages of the system. Currently we
have completed the final stage: production of the software as hypothesis. Functionalities and
other characteristics of DigiMina software are described in section 6.

5 Conceptual design of DigiMina

The conceptual design of DigiMina is presented as a concept map (see Figure 1). Key
concepts are emphasized in bold and explained in details in the following section. This
conceptual map covers both the user interface vocabulary and concepts related to educa-
tional technology competencies.

5.1 Competency test

The central feature of the system is a competency test that is taken by the users. One of the
usability issues with competency test is a large number of tasks. There are 20 competencies
in 5 groups. Each competency is assessed on 5-point scale. We have taken several steps to
solve this issue. Before starting the competency test users can pre-evaluate their competency
level in 5 competency groups. When taking the test they will receive tasks at the specified
competency level. Also it is possible to save the test and continue answering later.
Competency test can be taken several times to measure the advancement in educational
technology competencies. In a typical scenario the first competency test is taken during
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Figure 1 Key concepts of DigiMina.
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educational technology course in the university, second test in the induction year in a school and
additional tests when working as a teacher. All the results can be compared with the earlier results.

5.2 Tasks

Competency test contains tasks that are mapped to performance indicators. These performance
indicators are specified with the assessment rubric. The tasks are divided into three types
according to the assessment method: (1) automatically assessed self-test items, (2) peer-
assessment tasks and (3) self-reflection tasks. Whenever possible, we tried to compose a self-
test item for each competency (succeeded in 29 cases), but often it would have compromised the
authenticity of the tasks, so we had to create either peer-assessment (23 cases) or self-reflection
task (41 cases) instead. An example of a self-test task could be a multiple-response item based on
a screencast that shows how a teacher is publishing a learning object into a repository, while
making several small mistakes in the process. An example of a peer-assessment task expects the
teacher to adapt a given study guide to her own working context (age range, subject area,
software). Adapted study guide will be submitted to qualitative peer-assessment procedure by
another teacher. An example of a self-reflection task expects the teacher to reflect on the process
and results of her experience of creating digital learning resources based on one real-life example.

Peer-assessed tasks are typically used in higher competency levels where the user has to
write a solution to authentic problem. In that case the answer has to be evaluated by another
DigiMina user with the same or higher competency level. In case of teacher students and
novice teachers this can be one of their group members.

The scope of DigiMina is limited to delivery of competency tests and tasks. Tasks are
created in a specialized question and test authoring tool TATS and stored in a format
compatible with IMS Question & Test Interoperability Specification [28].

5.3 Competency profile

When the user has completed all the tasks the system will display her competency profile.
This includes a diagram that displays her competency level in all 20 competencies. In the
competency profile it is possible to compare your competency levels with the average
competency level of various groups (other novice teachers, other teachers in your school,
other teachers in your subject, all DigiMina users, etc.). It is possible to make the compe-
tency profile public or share it with selected people.

5.4 Group

In order to connect teacher students from the same course or teachers from the same school it
is possible to create groups. The creator of the group (typically facilitator of the course or
educational technologist of the school) is able to see the competency profiles of other group
members and various statistics about the competencies. In a school setting DigiMina can be
used to find out teachers’ training needs in educational technology.

5.5 Competency requirements
When DigiMina will contain competency profiles of a large number of teachers, it will
become a valuable tool for planning teacher trainings and organizing training groups.

Educational technology related teacher trainings can be described with competency require-
ments that specify expected entry level and expected outcome level in certain competencies.
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Teacher trainers will be able to see the competency profiles of teachers who apply for the
trainings. In a school level the group owner can define specific competency requirements.

6 Software implementation

DigiMina software is implemented as a plugin for an open-source community platform Elgg',
in order to allow its seamless integration with the national educational portal Koolielu.ee.
Koolielu.ee is also built on top of Elgg and more than 25% of primary and secondary school
teachers in Estonia are already registered as users of this portal. As the Koolielu.ee portal
contains also professional development course offerings for teachers, these can be later
mapped to DigiMina competency model, which turns DigiMina into a course recommender
system. Yet, DigiMina can also be used as a stand-alone server software.

A competency model is imported into DigiMina as an XML file. Although we ended up
in using a self-defined structure for this XML file, we used HR-XML [15] and XML binding
for IMS RDCEO [17] as guiding examples. The descriptors for competencies in this XML
format were derived from IntelLEO competency ontology [19]. A partial XML structure
which contains one sub-competency together with assessment criteria on level 1 is presented
in the following example.
<?xml version="1.0" encoding="UTF-8"?>
<competency-model>

<title xml:lang="en">Teachers' EdTech Competency Model</title>

<competency>

<title xml:lang="en">Model Digital-Age Work & Learning</titles>
<sub-competency>
<title xml:lang="en">Demonstrate fluency in technology
systems and the transfer of current knowledge to new technologies
and situations</titles>
<performance-level>
<levels>l</level>
<description xml:lang="en">Creates a user account in a
web-based system and creates/uploads resources.</descriptions>
</performance-levels>
</sub-competency>
</competency>

</competency-model >

DigiMina software supports currently importing only three question types (choicelnteraction
with single and multiple response and extended TextInteraction for peer-assessment tasks) out of
17 types described in IMS QTI specification 2.1 [16]. Most of the items include embedded
video or screenshots, in order to create authentic context for a task at hand. In the future, we are
planning to implement support for additional IMS QTI item types, e.g. ordering the lists
(orderInteraction) and associating the pairs (associatelnteraction).

! http://elgg.org/
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In the current version of DigiMina software the following functionalities have been
implemented:

Creating the DigiMina user profile for oneself User fills in a Web form with his/her personal
data, specifying the access restrictions for each field (options: anyone, logged-in DigiMina
users, only my groups, private).

Self-estimation of one’s competences User selects a competency from the competency
model, reads 5 performance descriptions from assessment rubric for the selected competency
and indicates her/his competency level according to her/his self-estimation (there are 5
competency levels for each competency).

Self-test User is directed to a test item on the level she estimated; user responds to a test item and
in case of correct response, a test item for the next level is displayed. This procedure is repeated
until either (1) incorrect response occurs, (2) the fifth level is reached or (3) there are no self-test
items for the next level (as explained above, most of the competencies on the level 4 and 5 cannot
be tested with multiple choice items). The aim of DigiMina is to support teachers’ self-assessment,
therefore we have not implemented any technical restrictions that are common to examination
tools (limited answering time, etc.). An example self-test item is presented on Figure 2.

Fallback In case of incorrect response to a self-test item, the user is provided a new test item
from the lower competency level. This is repeated until either (1) the correct response occurs
or (2) the user fails on the lowest (first) competency level.

Random selection of items In case there are several self-test items for one competency level,
DigiMina selects randomly one of these.

3.1. demonstrate fluency in technology systems and the transfer of

current knowledge to new technologies and situations - level 1

Please view the following screen recording where teacher Peter is trying to create a user
account in the national educational portal Koolielu. Check all the mistakes that he made
in that video.

Padevus 3.1 tase 1

| Ulrom esissy .

He opened the wrong web site

He wrote incomplete e-mail address

Username should have started with a capital letter
He didn't wrote the CAPTHCA on the first time

He didn't wrote password on the second time

He didn't repeat the password twice

Submit

Figure 2 Self-test item with embedded video and multiple response question.
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Peer-reviewed tasks In case there are no self-test items for selected competency level, DigiMina
provides a task which cannot be automatically evaluated. User will submit her/his response to
this assignment in the form of text, hyperlink to her blog post or uploaded file. DigiMina assigns
a reviewer for this task, selecting from users who have already successfully validated their
competency on this level. The reviewer receives invitation via e-mail, gives feedback to
submitted response and decides whether the submission has passed or failed.

Displaying a competency profile After completing competency assessment for at least one
competency sub-domain (there are 5 sub-domains in the DigiMina competency model for
teachers), user can view and share her/his competency profile (see Figure 3).

DigiMina also provides a compact competency profile that teachers can embed to their
blog or other online profile. Compact competency profile displays an average competency
level for all five competency sub-domains and has a link to the complete competency profile
in DigiMina. This way teachers can connect DigiMina to the ecosystem of online tools that
they use for teaching and professional development.

DigiMina is an open-source software, released under Apache 2.0 license. The documen-
tation, design artifacts and source code are available at http:/trac.htk.tlu.ee/digimina. In
order to involve stakeholders in the participatory design process we decided to keep majority
of the design artifacts in Estonian. However, the user interface is originally implemented in
English language and is later localized to Estonian.

7 Validation study

A small-scale experiment was conducted in order to validate both DigiMina software, a set
of self-test questions and related approach to online self- and peer-assessment of teachers’
digital competences. A group of 50 teachers, all from different primary and secondary
schools across Estonia, were invited to go through the complete workflow of self- and

A DigiMi
Competency Profile: Hans Paldoja
About me: Resealch associate in the Institute of Infarmatics at Tallinn University
Homepage (URL): 1ans r
ePortfolio (URL): o f 1
Taught Subjecls Edu(atlcnal Technolng\r Infcrmancs
Groups: E y
| Facilitate and Inspire Student Learning and Creativity

1.1 Promote, support, and model creative and innovative thinking and inventiveness

1.2 Engage students in exploring real-worid issues and solving authentic problems using digital toels and
resources

1.3 Promote student reflection using collaborative tools to reveal and clarify students’ conceptual understanding
and thinking. planning, net

1.4 Model collaborative knowledge construction by engaging in learning with students, colleagues, and others in
face-to-face and virtual environments

Figure 3 Competency profile.
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peer-assessment of their digital competencies using DigiMina tool. As the process of
assessing full range of competencies listed in the national digital competency model for
teachers would take too much time, it was decided to include only one competency sub-
domain in the assessment exercise: modeling digital-age work and learning. A complete set
of test questions (1-2 items per competency) were authored in TATS environment and
imported into DigiMina in QTI XML format, where they were bound to the relevant
competency definitions in teachers’ digital competency model.

After these preparations were completed, a group of 50 teachers created DigiMina user accounts
for themselves, filled in the DigiMina user profile and initiated a competency test, consisting of five
phases: (1) estimating one’s performance level for each of the 4 competencies in selected
competency sub-domain (modeling digital-age work environment), (2) responding to self-test
questions for estimated performance level, (3) if needed, responding to open-ended questions (only
when competency levels 4 or 5 were estimated), (4) performing a peer-assessment (only if
requested), and (5) sharing one’s competency profile with other teachers (optional task).

Together with initial demonstration of the DigiMina tool, the phases 1 and 2 took about
30 min to complete by all teachers in the lab settings, while the phases 3—5 were completed
within the next 2 weeks. All participants were asked to fill in the survey questionnaire after
completing the testing of DigiMina. Only 35 responses were received to the anonymous
online questionnaire, which was implemented using LimeSurvey software. Only one of
these 35 respondents was male (although there were 4 male teachers among testers), the
average age of respondents was 39. Figure 4 below shows the distribution of respondents
with regard to curriculum subjects they teach in school.

The first block of the questionnaire addressed the usability and perceived usefulness of
DigiMina software. Respondents were asked to give feedback on ease of use of the system in
relation to every basic operation in the workflow, responses were given on the scale of 5 (see
Figure 5 below). The easiest operations for users were creating a user account and launching
a competency test, while the most complicated operations appeared to be the ones related
with launching and completing the peer-assessment, along with regulating access to one’s
personal competency profile. Almost 40% of users did not have to go through the two-phase
nature of peer-assessment procedure, as they did not reach the competency levels 4 or 5
where open-ended questions were given. Regulating access to one’s competency profile was
an optional task, this is why half of the respondents chose not to do it.

class teacher

1%\

special ed
6%

mathematics

technology
17%

arts
6%

foreign
languages mother tongue
3% 3%

Figure 4 Distribution of respondents by the subjects they teach.
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Regulating access to your competency profile

Completing peer assessment

Launching peer-assessment

Noticing an invitation for peer-assessment

Responding to an open-ended question
Responding to a multiple-choice question
Self-estimation of the competence level
Selecting a competency domain to be tested
Launching the competency test

Filling in the user profile

Creating a user account i
i

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W Very easily  ®1|managed | needed assistance  # | faced difficulties = | did not manage

Figure 5 Perceived ease of use of DigiMina software.

Half of the respondents considered the system to be easy to use, only one person disagreed
strongly with such claim. With regard to the user interface of DigiMina, 75% found it to be
intuitive and easy to navigate. When asked, who would benefit from DigiMina tool, the majority
(over 90%) of respondents saw that teacher trainers and educational technologists in schools
would benefit significantly more than teachers themselves or researchers. More than 70% of
respondents believed that teachers would not use such tool on their own initiative, without
request or forcing. This can be explained by the ongoing heated discussion in media on teachers’
workload and calls to reduce bureaucracy in Estonian schools. Respondents were also quite
skeptical about feasibility of DigiMina’s peer-assessment process, based on random assignment
of peer-reviewers who are expected to contribute on quid pro quo basis. Even during our
experiment, almost half of the participants did not respond to peer-assessment request sent to
them via e-mail message. This led us to considering adding a reputation mechanism to
DigiMina, allowing users to gain reputation in the form of badges when contributing to peer-
assessment. There is also a need to ask permission of every user upon creation of DigiMina user
account, on which conditions (period, frequency) would she agree to act as a peer-reviewer.

| | | | | | |

Insufficient variety in question types

Questions measure reliably the competencies = " ) :
l l | I
Questions were valid . W_
P — | _

Open-ended questions took too much time

Multiple-choice questions took too much time

Questions matched the competency level

Contextualising makes questions better [} W—’_’—
Questions were well-contextualised - - . :

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Questions were easy to understand

i Strongly disagree & Disagree Neutral & Agree  Strongly agree

Figure 6 Feedback to DigiMina self-test questions.
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Figure 6 below illustrates the distribution of responses to questions related to
DigiMina test questions. Respondents were generally satisfied with reliability and
validity of questions, even more with the way the questions were contextualized within
teachers’ everyday work. While the multiple-choice items did not take too much time to
respond to, the perceived effort was significantly higher for open-ended questions
submitted to peer-review.

In general, teachers who took part in the DigiMina validation experiment, were satisfied
with both: our approach to Web-based self- and peer assessment of teachers’ digital
competencies and how it was implemented in the design of the DigiMina tool. In the free-
form feedback several respondents encouraged us to finalize the DigiMina tool and to
integrate it into the main national educational portal Koolielu, where it could receive more
attention and use.

8 Conclusions and future work

Digital competency frameworks play an important role in systematic support of teachers’
professional development. This paper analyzed the design for Web-based assessment of
teachers’ digital competencies and presented the conceptual design of a Web-based compe-
tency assessment tool called DigiMina. Initial results from a validation study that involved
fifty teachers were presented and discussed.

DigiMina is designed not as a monolithic Web application, but as one component in a
larger digital ecosystem of distributed tools that teachers are using in their everyday work in
the digital age. For instance, the test items are not developed inside DigiMina, but are
imported from test item authoring tool TATS or Learning Object Repositories. Teachers’
competency profiles created with DigiMina can be linked and embedded to other social
media systems and integrated into national teachers’ portal (e.g. for providing more relevant
recommendations on professional development courses).

The next iteration of our research-based design focuses on integrating the DigiMina tool
with the larger digital ecosystem (educational portal Koolielu, teachers’ e-portfolios, teach-
ers’ qualification registry in the Ministry of Education and Research, various e-learning
environments). In addition to supporting teachers’ professional development DigiMina will
be used for collecting valuable data for further research on teachers’ professional develop-
ment. We foresee that DigiMina software can be also used as a generic competency
assessment tool. This requires describing a competency model in XML format, preparing
assessment tasks and importing these to DigiMina.
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