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Abstract. The New National Curriculum in Norway from 2006 recommends
that teachers and students acquire a high degree of digital literacy in school
education. One way to foster digital literacy is to train teachers to design and
critically evaluate digital learning resources (DLRs). However, little research
has been done as to which design principles and evaluation criteria are suitable
for DLRs. This work proposes a theoretical framework, along with a case study,
for designing and evaluating DLRs. The article draws on research in learning
theory, pedagogical usability criteria, and context of use. The paper reports on the
implications of the framework for the design and evaluation of DLRs.
Keywords: Digital literacy, digital learning resources, DLR, learning theory,
pedagogical usability.

1 Introduction
Technical skills are obviously important elements of the digital literacy concept, but a
closer look at the concept shows that it is more than the ability to use computers
[1,2,3,4]. For teachers, digital literacy must include a suitable combination of
pedagogical, cognitive, and evaluation skills such as knowledge of how DLRs can
support pedagogical goals and knowledge of how the subject matter is transformed by
the application of DLRs. Likewise, the ability to use DLRs is important to students,
but not sufficient for acquiring a high-level of digital literacy skills. They also need
cognitive proficiencies that help them to critically evaluate the information provided
by DLRs. Clearly, digital literacy must go beyond the simple use of DLRs, and
include pedagogical competencies and cognitive capabilities. However, little research
has been done as to which framework is suitable to address issues that are pertinent to
these dimensions under the concept of digital literacy.
The research goal of this work is to use the literature, along with a case study, to
develop a framework of critical elements in DLRs design and evaluation. First, a
literature review is undertaken to report on the state of research in the field of DLRs.
Second, a theoretical framework is developed based on the literature review. Then,
preliminary experiences with the framework are presented. Finally, some remarks on
the value of the framework and elements of a future research conclude the article.

2 The Concept of Digital Learning Resources
A closer look at the concept of “DLR” shows that it is similar to “Web-based learning
tools” found in [5], which refers to [6] to define the term as “interactive Web-based
tools that support learning by enhancing, amplifying, and guiding the cognitive
processes of learners”. In addition, the concept of “DLRs” includes the main features
of the term “Web-based learning application” defined by Liu & Johnson [7].
Accordingly, DLRs can be defined as a technology with four dimensions: (a) It is
delivered through the Web; (b) It teaches content that meets specific learning
objectives aligned with the curriculum; (c) It is designed on the basis of a learning
theory; (d) It contains reusable elements.
From the content point of view, DLRs are computer-based implementations of a
specific topic that is aligned with a given curriculum. DLRs include study material,
task-based activities and exercises, and eventually assessment procedures. DLRs can
also be created to support different topics of a given subject, as well as instructional
material in a number of subject areas at all levels in school education.
From a pedagogical point of view, the design of DLRs is embedded within a
pedagogical strategy associated with a learning theory, such as cognitivism,
constructivism, and collaborative learning or a combination of them [9]. The
underlying pedagogical strategy of DLRs can affect teaching and learning processes.
Finally, DLRs need to be reusable in order to suit the students’ needs. Reusability
is useful for teaching subjects in different classroom contexts. Hence, reusability
assumes that elements of DLRs can be found to fit into a similar teaching unit [10]. It
also assumes that a given teaching unit will find DLRs or elements of them from
many Web-based sources or throughout a learning resource database repository.

3 Literature Review
Despite the importance of digital literacy in the curriculum, schools adapt slowly to
technological and pedagogical changes. According to the research literature, schools
are still confronted with a number of problems associated with the realization of digital
literacy within the field of DLRs. Basically, the main research issues are the following.
First, DLRs are still the domain of technical and software experts rather than
teachers, educators, and learners [11]. As a result, most DLRs basically emphasize
technical usability as defined by Nielsen [12,13]. Technical usability is important to
minimize the cognitive load, and helps to free more resources for the learning process
itself. It enables learners to easily focus on learning materials without having to make
an effort to figure how to access them. However, although technical usability is a selfevident requirement for DLRs, it is not necessarily conductive for deep learning.
Second, to support learning, research in education [14,15,16,17] suggests that
developers need to design DLRs with a new dimension of usability. This dimension
is called “pedagogical usability” and it is associated with aspects that are fundamental
to learning. However, little attention has been paid to pedagogical usability of DLRs,
which is a critical factor to the success of this technology in classroom. From the
viewpoint of pedagogical usability, current DLRs lack a number of features that

would make them more flexible, interactive, motivating, and collaborative. Research
literature reveals that DLRs with advanced features are difficult to design, and
therefore current systems are still limited in their pedagogical usability. Martinidale et
al [9] stated that it is substantially more difficult to create DLRs that accommodate the
demands of constructivist learning. Likewise, Liu & Johnson [7] found a lack of fit
between existing DLRs and what teachers and learners need, as well as a lack of
connection between DLR design and educational standards.
Third, the pedagogical value of DLRs lies in helping learners discover and explore
things for themselves through interactive, flexible, differentiated, and motivating
activities. Unfortunately, most DLRs provide little support to achieve a high level of
activity [7,9]. This because most DLRs are developed without a previous analysis of
learners’ needs. Clearly, a learner-centered approach to DLRs requires a change from
teacher-centered design to a model of design that emphasizes the learners’ needs [18].
Indeed, a learner-centered approach offers more scope for realizing possible learning
benefits than traditional instructional paradigms. However, Maddux [19] indicated
that such a change demands a massive shift in values related to school culture,
teaching, and learning, as well as an intensive commitment to differentiated learning.
Fourth, the integration of DLRs into classroom is strongly connected to teachers’
epistemological orientations, personal theories and perceptions about teaching and
learning processes. According to Jimoyiannis & Komis [20], a true integration
requires that teachers consider technology, content, and pedagogy not in isolation, but
rather in the complex relationships in the system defined by three key components: (a)
Knowledge of the pedagogy that is applicable to the specific content; (b) Knowledge
of how technology can support pedagogical goals; and (c) Knowledge of how the
subject matter is transformed by the application of the technology. Clearly, teachers’
technical knowledge alone is not sufficient to achieve learning outcomes using DLRs.
Equally important is how DLRs can support pedagogical goals set by the teacher and
how the content is transformed through the technology [18]. Clearly, teacher’s
epistemological orientations should not be underemphasized when it comes to design,
implement, and evaluate pedagogical situations in classroom around DLRs.
Fifth, in contrast to higher education, little research has been done evaluating
students’ and teachers’ perceptions of DLRs in school education, modalities of
teaching and learning using these resources [5]. In addition, exhaustive instruments
(e.g., [21]) may not be suitable to evaluate DLRs, which tend to be smaller and more
numerous [16]. Furthermore, a number of evaluation frameworks that can be used to
evaluate user interfaces have been proposed [13]. But, these frameworks are intended
for software environments rather than DLRs in which learner-centered user interface
systems should be developed to support users’ activities. Another problem with
evaluating DLRs is that relatively few are currently being used in schools. ITU
Monitor [22] reports that the selection of DLRs is limited, and that designing,
developing, and implementing DLRs, which provide added value in learning and
teaching, is very demanding and time consuming. Nevertheless, some schools have
made considerable progress in the use of DLRs, but many of them still have much to
do to develop and use subject-specific digital DLRs.
Summarizing, the literature review reveals a lack of design and evaluation
regarding DLRs in educational settings. This work sets out to address this by

developing a theoretical framework for the identification of educational factors that
are important to the design and evaluation of DLRs.

4 A Theoretical Framework for Design and Evaluation of DLRs
The process of designing and evaluating DLRs in school education is a many-sided
field of study with a number of theoretical and practical issues. Two fields are of
interest for developing a coherent theoretical framework for designing and evaluating
DLRs: Pedagogical usability issues and the context of use and evaluation.
4.1 Pedagogical Usability Criteria
The concept of usability has been defined by a number of researchers, but a complete
definition is difficult to achieve, outside the domain it is to be considered [23,24].
Nielsen [12,13], as one of the foremost usability researchers, proposed a definition
that focuses on technical usability, which involves criteria such as the need for
consistency, learner satisfaction, minimal user actions and minimal memory load,
simplicity and reduction of complexity. However, the impact of Nielsen’s definition is
limited when it comes to DLRs, because it largely ignores the underlying processes of
human learning. Clearly, DLRs are considered beneficial for the learners if they
contribute to the learning process and not if they simply support technical tasks.
Hence, the usability of DLRs must be re-defined and related to its learning utility
[25]. In order to reformulate the concept, it must be directly related to learning
theories [26]. The literature on learning theories points to the fundamental differences
between them [27], but in school education, a mix of learning theories is being used.
Hence, teachers must allow circumstances surrounding the learning situation to help
them decide which approach to learning is the most appropriate [28]. In the case of
DLRs, designers need to consider that this technology suggests more a learnercentered approach than teacher-centered methods [18] in order to realize learning
benefits, since the goal is to support the learners’ knowledge construction process.
Accordingly, Nokelainen [17] expanded Nielsen’s definition to include
pedagogical usability issues. Nokelainen defined a set of criteria that can be applied to
DLRs: learner control, learning activity, collaborative learning, goal orientation,
applicability, added value, motivation, previous knowledge, flexibility, and feedback.
These criteria can be adapted to DLRs with slight modifications, because DLRs
cannot be judged in exactly the same terms as digital material that is used in other
contexts. Hence, the key criteria that influence the pedagogical usability of DLRs are:
Understandability. DLRs should provide a well-structured description of the
subject information using a clear and understandable language.
Added value. The added value of DLRs means that they offer more learning
potentialities than traditional resources, such as textbooks, in terms of the potential
capabilities of DLRs such as interactivity, differentiation, etc.
Goal-orientation. This criterion is related to the learning utility of DLRs and
meaningfulness in terms of the learning goals set by the teacher and the curriculum.

Time. DLRs must allow the student to learn the subject matter within an acceptable
period of time. It should preferably take less time to learn the subject information with
the DLR than with textbooks.
Interactivity. DLRs should provide support for interactivity through a user-friendly
accessibility of the subject information and task-based activities. Interactivity is
important because it allows students to be actively involved in problem solving.
Multiple representation of information. DLRs should provide multiple
representation of information using various multimedia elements. Task-based
activities can contain links to multimedia applications such as games and simulations.
Students should feel that their learning is enhanced through the use of multimedia.
Motivation. The material provided by DLRs should contain intrinsically
motivating tasks. It should show important aspects of the subject matter that may
affect the students’ learning. Motivation is goal oriented and facilitates students'
higher levels of engagement with the study material.
Differentiation. This criterion implies that DLRs are adapted to the students’
characteristics. Differentiation involves fitting the subject information to the students’
needs, taking into account their abilities, gender, language, needs, prior knowledge,
and computer skills.
Flexibility. Flexibility means that DLRs provide different levels of difficulty and
contain diverse assignments and tasks that are tailored to all students, so that their
individual differences are taken into account.
Autonomy. This criterion means that students are able to work on their own using
DLRs, and acquire knowledge without being completely dependent on the teacher.
The knowledge provided by DLRs should be potentially powerful to enable the
student to become less dependent on the teacher.
Collaboration. This criterion means that students can work together to reach a
common goal, giving them a sense of how good solutions can be performed in
collaboration. The criterion is important because learning is considered as an
inherently social activity as good solutions are developed not in isolation; instead they
involve collaboration with other students.
Variation. Students are able to use different learning resources in combination with
DLRs. Variation is important to learning, because of different students’ learning
styles and preferences, or because some students favor some particular methods of
interacting with others, while others prefer other approaches.
4.2 Context of Use and Evaluation of DLRs
The second key element of the framework is the context of use and evaluation of
DLRs. The most appropriate approach to carefully examine the context of DLRs is to
look at the influencing factors connected to them. The context is the totality of
relationships between the students and surrounding elements within a pedagogical
situation. This concept of context is similar to Brousseau’s term of “milieu” [29],
where learning is described as emerging from exchanges between the students and a
“milieu” organized with teaching intentions. Accordingly, milieu is everything in the
situation the learners can act on. It can be divided into two categories: Material and
non material milieu. The material milieu includes a number of elements:

• The subject matter, its content, topics and subtopics, task-based activities,
assignments, exercises, and problem statements taught in the classroom.
• The curriculum and its objectives, main subject areas, basic skills, including
computer skills, competence aims in the subject, and subject assessment.
• Infrastructure (technical and non-technical), software tools available, number
and place of computers, student/PC-ratio in the classroom.
• Study material such as textbooks, electronic and written material.
The non material milieu consists of the stakeholders involved in school education:
• Fellow learners in the classroom and their characteristics, such as age,
knowledge level, gender, interests, needs, motivations, and computer skills.
• School teachers and their profile and pedagogies, information and
communication technology (ICT) qualifications and attitudes towards ICT.
• School leaders, decision makers and actors supporting ICT integration.
• Trainee teachers as designers and developers of DLRs.
The mileu forms the very basis for the process underlying the design, use, and
evaluation of DLRs. The milieu may change for the learner when introducing a new
element - the DLR, because the learning and teaching processes are then mediated by
DLRs. According to Brousseau [29], learning occurs by means of interaction between
the learner and the “milieu”. Learning happens through adaptation of the learner to
the “milieu”. This view is consistent with Piaget’s work [30] that considers learning
as an adaptation process to a milieu. The DLR can be considered as an element of the
“milieu”, and as such, it becomes a source of learning, by means of interaction with
the learner.
The nature of the interaction between learners and DLRs is depending on the
instructional approach and epistemological orientation adopted by the teacher. DLRs,
by their very nature, require a change from teacher-centered methods to learnercentered approaches in order to achieve learning benefits [18].

5 Preliminary Experiences with the Framework
A preliminary case study within teacher education was carried out to investigate the
value of the theoretical framework. This was done in collaboration with three classes
from a middle school, where trainee teachers designed and evaluated DLRs. The unit
of study was the learning of school subjects using the DLRs. Data collection methods
consisted of student and teacher survey questionnaires. The aim was to measure the
students’ and teachers’ perceptions of DLRs. Data from the case study came from
three cohorts of participants: Sixty-five students between 14-16 years from three
different classes, three school teachers, and three teams of trainee teachers as
developers of DLRs. From the case study the following implications can be drawn for
two major organizing themes:
• Pedagogical usability of DLR design
• Digital literacy and integration of DLRs into classroom

5.1 Pedagogical Usability and DLR Design
Pedagogical usability defines the capability of the DLRs to support the learning of the
subject matter. Looking at the different dimensions of pedagogical usability some
implications can be drawn.
First, learning activities are important from the point of view of the constructivist
learning theory. Both students and teachers pointed out that the degree of learning
activities was satisfying, but the tasks provided by the DLRs, were not sufficient to
really engage the students in constructivist learning as they do not cover the entire
knowledge level of a number of students who particularly demonstrated strong
motivation and interests in the topics. Advanced learning activities for those students
can be achieved with increased integration of motivating and multimedia elements.
Second, teachers were not quite satisfied with the degree of collaboration between
students, because they felt that the students did not work together to reach a common
goal. The idea of collaboration fits well with the socially situated learning theory,
which assumes that learning occurs as learners improve and reflect on their
understanding of the subject matter through discussion with fellow learners [31].
Accordingly, DLRs should contribute to increase the learning by collaboration in a
higher degree, and allow the students to engage in levels of activity that could not be
managed alone, without collaboration with fellow students. Of course, DLRs in
themselves cannot contribute to collaboration, unless teachers perceive the value of
collaborative learning.
Third, differentiation is an important criterion for any DLR. It includes different
ways of interacting with the DLR while giving special consideration to differentiation
between students according to their ability, the different ways students learn, and the
different speeds at which students learn. Since it cannot be expected to develop
resources with a high degree of differentiation within a limited period of time, it
implies that the students’ perceptions of differentiation cannot be generalized even if
most students pointed out that they were satisfied with the level of differentiation and
flexibility of the learning material. Nevertheless, designers of DLRs should take into
account the students’ preferred learning styles and knowledge levels.
Fourth, the criterion of motivation measures the degree of engagement of the
students with the subject matter when using the DLR. Accordingly, DLRs cannot be
considered as highly motivating if they are not adapted to the students’ age,
development, and interests. Student satisfaction with a DLR is, of course, a subjective
phenomenon, but one that is important in keeping students engaged with the subject
matter. According to Nokelainen [17], motivation can be achieved in many ways, for
example through self-regulation, performance or learning goals, as well as extrinsic or
intrinsic goal orientation, such as meaningful and interesting study material provided
by the DLRs.
Fifth, the criterion of autonomy measures the degree of students’ independence
from the teacher when using DLRs. This criterion also measures the degree of
independence from textbooks and other learning resources. Hence, autonomy and
independence can reveal the quality of information provided by the DLR. However,
DLRs can contribute to independent learning only if the added value of this
technology is taken into consideration and well-perceived by teachers.

Finally, from the viewpoint of pedagogical usability, the DLRs lack a number of
features that would make them more flexible, interactive, motivating, and
collaborative. Even if the research literature [7,9] reveals that DLRs with advanced
features are difficult to design, and therefore current DLRs are still limited in their
pedagogical usability, one may ask whether the teachers really perceived the
potentialities and added value of DLRs. This issue has been addressed by the teachers
from different points of view. As a result, teachers still perceive textbooks as
important as DLRs in terms of learning outcomes.
5.2 Digital Literacy and Integration of DLRs into Classroom
There have been ongoing efforts for many years to bring ICT into classrooms and to
integrate digital literacy into the curriculum. Despite these efforts, there is a little
success achieved so far [32]. It is obvious that ICT integration is a complex and
demanding issue both for schools and teachers [33,20,34]. Besides cultural barriers
that are caused by the nature of the educational culture and the culture at large as well,
which are very difficult to change, there exist pedagogical barriers, as this work
clearly demonstrated. Given this background, there are a number of implications that
result from the case study for the integration of DLRs into classroom.
First, the curriculum requires that digital literacy be integrated in all subjects,
otherwise teachers and students would not be able to fulfil the requirements given by
the curriculum. The case study reveals that teachers clearly see the importance of
DLRs, but they still consider them as supplementary aids in addition to textbooks.
This means that DLRs can be used in combination with textbooks inside and outside
the classroom, but they should not drastically affect teachers’ ways of instruction, or
change their pedagogy. As a result, teachers still perceive DLRs as neutral elements,
without added value, that can be used occasionally, in addition to textbooks. Digital
literacy however requires more commitment to the potentialities of DLRs.
Second, it thus is expected that DLRs introduce an added value to the learning
process in comparison to printed material such as textbooks and material produced by
the teacher. The added value of DLRs is in the form of the potentialities this
technology offers, for example interactivity, differentiation, and collaboration, in
contrast to textbooks that are more rigid and static in their use. However, DLRs can
only be useful if the tasks are adapted to the capabilities of the technology. Tasks
should not be a direct translation of study materials found in textbooks. They must be
interactive and flexible according to students’ individual differences and provide the
students with immediate feedback that stimulates the learning motivation.
Third, teachers must be aware of the fact that ICT is not a value-neutral technology
[37]. On the contrary, ICT is embedded within pedagogical values that potentially
affect teaching and learning processes. It follows that IT can have an effect on how
teachers use technology and what students learn from it. Similarly, DLRs cannot be
considered as a neutral technology that can be used in classroom without radical
changes of the content and ways of teaching and learning. Consequently, the
introduction of DLRs can create new pedagogical situations that affect both the
students’ learning and the teaching content. However, teachers are not always aware
of the non-neutrality of DLRs. If DLRs can create new pedagogical situations, then

textbooks can no longer play the same role as before. Clearly, the added value of
DLRs cannot be compensated by any textbooks or printed material.
Fourth, there is evidence in the research literature that the integration of ICT is
associated with a shift from instructivist or teacher-centred to constructivist or
learner-centred methods and teaching philosophies [18]. The case study seems to
confirm, to a certain degree, that constructivist learning is important, since teachers
reported that interactive learning activities and collaboration should be given more
consideration. A shift from instructivism to constructivism requires that the teachers’
role changes from transmitter of knowledge to facilitator of learning.
Fifth, another crucial factor that may promote or hinder the integration of DLRs is
time. Indeed, research reveals that IT can provide positive learning opportunities, but
it takes time [35,36]. Accordingly, the overall impression of researchers is that
teachers’ success in integrating ICT is highly dependent upon the availability of time
to think deeply about pedagogical changes. Time plays also an important role for the
students in terms of learning effect compared with printed material. However, the fact
that DLRs can be used at any time and place does not necessarily mean that it takes
less time to learn the subject matter compared to textbooks.
Finally, according to Nokelainen [17], the integration of DLRs into classrooms
must be goal-oriented. This means that the objectives of using DLRs must be clear to
the students. It seems that a successful integration can be achieved only if the
students’ goals, curriculum considerations, learning and teaching material, and the
teachers’ goals are closely aligned. Goals can differ according to the learning
situation. The goal may be the learning of basic knowledge with clearly specified
topics. The goal may also be the involvement of students in interactive activities. In
addition, the goal may be collaboratively discussing important issues of the subject
matter, or evaluating the students’ knowledge through graded assessment procedures.

6 Conclusions and Future Work
The main research goal of this work is to use the literature, along a case study, to
develop a framework of critical elements in DLR design and evaluation to foster
digital literacy. To this end the framework was used to inform a case study, and the
findings of the study were mapped back onto the framework in order to identify
additional features found in classroom setting. As a result of this mapping the
following conclusions can be drawn.
First, the main factor that impacted the design and evaluation of DLRs was the
pedagogical usability dimension. While students and teachers globally agreed in their
views of pedagogical usability, they differed in their perceptions regarding some key
criteria: Interactivity, autonomy/independence, collaboration, and variation. The
findings highlighted the importance of constructivist learning, both individually and
collaboratively, for the design and evaluation of DLRs, and the added value of this
technology compared with traditional learning resources. These findings are
compatible both with elements of the conceptual framework and literature review.
Second, the case study revealed the existence of cultural values connected to
students’ preferred choices and ways of learning. Cultural usability is to a certain

degree implicitly connected both to the technical and pedagogical usability of DLRs.
Although the catalogue of usability criteria does not explicitly address cultural
usability [38], a number of students expressed their preferred cultural values through
the comments they made by means of survey questionnaires. The case study thus
reveals that DLRs cannot be considered as a value-neutral technology [37]. On the
contrary, cultural values are embedded within DLRs,
Future work will focus on the refinement of the theoretical framework and
associated usability concepts - both pedagogical and cultural - in order to generate a
more complete picture of what constitutes digital literacy in the field of DLRs. It is
also important to further investigate the factors that influence the integration of DLRs
into classroom and the context of use and evaluation as well.
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