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Abstract—Today’s e-learning systems meet the challenge to
provide interactive, personalized environments that support
self-regulated learning as well as social collaboration and
simulation. At the same time assessment procedures have to
be adapted to the new learning environments by moving
from isolated summative assessments to integrated assess-
ment forms. Therefore, learning experiences enriched with
complex didactic resources - such as virtualized collabora-
tions and serious games - have emerged. In this extension of
[1] an integrated model for e-assessment (IMA) is outlined,
which incorporates complex learning resources and assess-
ment forms as main components for the development of an
enriched learning experience. For a validation the IMA was
presented to a group of experts from the fields of cognitive
science, pedagogy, and e-learning. The findings from the
validation lead to several refinements of the model, which
mainly concern the component forms of assessment and the
integration of social aspects. Both aspects are accounted for
in the revised model, the former by providing a detailed
sub-model for assessment forms.

Index Terms—e-Assessment, Assesesment Model, Expert
Validation, Complex Learning Ressouces

I. INTRODUCTION

With the continuous development of information and
communication technology (ICT) in the context of
learning, the adjustment of educational goals, settings, and
assessment methods become a major challenge. Today’s
e-learning activities are expected to be interactive, chal-
lenging, and personalized. Learners should be in control
of their learning experience, but simultaneously experi-
ence a supportive, collaborative, and simulative learning
environment. Thus, self-regulating learning combined
with social aspects and high levels of motivation are asked
for. These changing e-learning activities also entail the
need of changing assessment activities [2]. E-assessment,
i.e., assessment in context of e-learning activities is a
challenging field of research for Computational Science,
Pedagogy, and Psychology. Within the EC-funded project
“Adaptive Learning via Intuitive/Interactive Collaborative
and Emotional System” (ALICE)* our research group at
Graz University of Technology designed an integrated
framework for e-assessment that is based on the require-
ments of different complex learning resources, such as
collaborative learning, storytelling, and serious games [3].
The resulting integrated Model for e-Assessment (short
IMA) describes the components involved in an enriched
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learning experience, including not only the learning
objectives, resources, and assessment methods, but also
inputs to the learning experience and interactions with
other models [4]. In order to meet the needs of different
learning environments and resources, the proposed model
was evaluated and improved in two steps. After a first
round of experimentation and a model-validation by an
expert from the field of cognitive science, the model was
extended by means of a sub-model dealing with the
different forms of assessment. Then, the extended IMA
was presented to a round of experts from the fields of
cognitive science, e-learning, and pedagogy, who evalu-
ated the model with regard to its relevance and applicabil-
ity in the field of e-assessment.

In Chapter 11 of this paper, which is an extended version
of [1], the IMA and its sub-model on assessment forms is
presented in detail. Chapter Il outlines an example
application in a collaborative learning environment.
Chapter IV gives an overview on the methodology used
for the expert validation and the derived results. Finally, in
Chapter V, we discuss our findings and give a short
outlook for future research.

Il. INTEGRATED MODEL FOR E-ASSESSMENT (IMA)

The paradigm shift for online learning and assessment
has caused researchers to rethink assessment practices.
Traditional assessment practices — often based on objec-
tive testing — are neither adequate for testing meta-
cognitive skills such as critical thinking, creativity, and
self-reflection nor for the assessment of authentic learning
or for supporting life-long learning [5]. Thus, rethinking e-
assessment practices towards advocating alternative
assessment has emerged. Alternative assessment practices
- including self- and peer-assessment, portfolio-
assessment, behavioral assessment, and performance
assessment [6] — point to the need of considering learning
and pedagogy theories by advocating constructive,
authentic, contextualized, and deep learning assessment.
Consequently, educators are faced with the challenge of
developing authentic, reliable, and ethical e-assessment
methods that are integrated with the learning process,
evaluate learning, engage students, appraise students’
learning process, and promote further learning [7].

In order to provide quality assessment a set of assess-
ment models has been designed, which are discussed in
[8]. Based on this review, assessment models are either
generic and discuss key elements for assessment in
general [9] or they are specialized and emphasize specific
aspects of the assessment process, e.g., [10]. However, the
discussed assessment models lack to some extent aspects
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such as: (a) pedagogical flexibility and an alignment with
theories of learning, (b) design of the suitable assessment
form for the learning activity or task, (c) available tech-
nology - in terms of systems, tools, and services, (d)
standards, specifications, and guidelines of how to design,
and develop assessment for the target learning practice, (€)
feedback as a crucial component for quality assessment
practice, (f) guidelines or frameworks of how to use these
models to support developing learning tools with inte-
grated assessment.

The remainder of this section discusses an integrated
model for e-assessment which addresses the aforemen-
tioned limitations in assessment models.

A. Integrated Model for Enriched Learning experiences

The general IMA addresses the requirements of an
enriched learning experience as it is defined in the ALICE
project [3], namely as an experience that is based on
complex learning resources (e.g. collaborative and social
learning, storytelling, simulation and serious games) and
integrated assessment methods (e.g. cognitive and affec-
tive assessment). This combination is expected to yield
effective learning processes such as reflective and experi-
ential learning [11] as well as socio-cognitive learning
[12]. Fig. 1 depicts the abstract level of IMA with its core-
methodology, inputs to the learning environment and
adaptivity components interacting with the learning
resources and assessment. IMA’s core methodology
consists of the following four main components: (1) the
learning objectives, which usually refer to the goals
defined by the instructor of a course but also to related
didactical objectives such as gaining social competence or
meta-cognitive skills due to collaborative work or self-
regulated learning. Learning objectives influence the type
of learning resource as well as the assessment forms
appropriate in a given learning experience. For instance, if
the learning objective is to apply knowledge (see [13] and
[14] for a taxonomy of educational objectives), the
provision of text material and a simple knowledge test will
not suffice. In this case a more complex learning resource
and an assessment including the application of knowledge
are required (a very simple example would be the applica-
tion of a previously learned formula). (2) Complex
learning resources (CLR) should be provided to support
learners in achieving the learning objectives by means of
an active involvement in the learning process. According
to constructivist theories (see e.g. [15] for a review) we
build explanations of ourselves and our environment to
actively create knowledge. To meet the needs of an active
learner, enriched learning experiences are made up of
CLR including collaboration, simulation and serious
games, as well as storytelling. (3) New forms of assess-
ment should meet the high demands arising from the CLR
by considering different levels of educational objectives
and effective kinds of learning (see Section B of this
Chapter for more details). (4) Evaluation and validation
processes should be included on a regular basis to ensure a
high quality learning experience. Evaluation refers to the
assessment of the used methods and procedures, whereas
validation means that the measures provide a valid
conclusion about the status of a learner. Results from the
evaluation and validation process can again influence the
first three components. Thus the development of efficient
learning environments should be seen as cyclic process
open to improvements.
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Besides the core methodology, several components
influencing the learning experience have to be considered
(big red arrows on the left and right in Fig.1). These
include educational aspects (e.g. different learning styles
or social learning), psychological aspects (emotion or
motivation), technical issues (e.g. adaptive learning or tool
selection) and existing standards and specifications (e.g.
best practices or ethical aspects).

To ensure a high quality standard of all activities in this
complex learning environment quality criteria should be
defined. Therefore, quality assurance which addresses all
components of the enriched learning experience is also
part of the model. Aspects to be considered include best
practices and standards in the field in general, guidelines
for delivering assessment, scoring and interpreting, e.g.
[16], or ethical aspects (plagiarism, cheating, but also data
protection, voluntariness, and transparency of assessment
activities). A comprehensive framework for e-learning
quality, which includes criteria for infrastructure, technical
standards, content development, pedagogic practices, and
institutional development is given by [17].

The quality assurance is also relevant with respect to
indicators that are expected to result from the enriched
learning experience: indicators for its educational effi-
ciency and effectiveness. For instance, the theory of
constructive alignment [18] describes the compatibility
between instruction, learning, and assessment. According
to this theory, teaching is more effective when there are
alignments between what teachers want to teach, how they
teach, and how they assess students’ performance. Thus,
when selecting an assessment tool, both CLR and didacti-
cal objectives have to be considered. For instance, did
learning occur during a collaborative activity or not?
Should there be an individual, a group, or a peer assess-
ment? Should the assessment activity be formative or
summative? What exactly should be assessed? The
knowledge of learners or whether they can apply the
knowledge or even create new appliances based on the
knowledge they acquired?

Finally, in order to ensure that the learning experience
allows adaptivity, the model also interacts with three other
important models: the learner model, the knowledge
model, and the didactic model. In co-operation with the
learner model, the cognitive status of the learner in terms
of knowledge and skills is updated, with the knowledge
model the ontology of learning is recovered and with the
didactic model, individual sequences of learning activities
are build and eventual alternative models are recovered.

B. New forms of assessment

Modern forms of assessment have to cover several
aspects based on cognitive and educational findings, as
well as technological standards. Thus, based on already
existing ways of assessment, IMA combines these as-
sessment forms in order to provide a comprehensive
assessment of knowledge and skills, behavioral, motiva-
tional, and emotional aspects for complex learning
resources. Fig. 2 depicts the different assessment forms as
eight questions methodology that should be answered
when planning an assessment. For each question the
respective specifications are listed. Depending on the
learning objectives and the respective learning scenario,
adequate assessment forms can be found by going through
the specified aspects of assessment and selecting all the
relevant ones. Thus, by answering each of the eight

53



SPECIAL FOCUS PAPER
ASSESSMENT MODEL FOR COMPLEX LEARNING RESOURCES

WSLSSIS§-3 W0 [2poJy paimadau]

‘1 2andyg

EnEojogaisg

[EuSGEInRT

SEUIANIIITT PUE AU

SuR|d LBREPI|EA PUE USHRNIEAT s

HIBOPIF UBLTEIEI D
BOLLU UL IR
Apande pe JusLLSS 5T e
AFEIRAS WUBLISTATTE .
DRy B DT,
u_..__u_.-ﬂ._.ﬂ_r_ﬂ._ JUBLUSSIFR &
R JUILISSaSTR .

samossy Buuieaq xagd 311 High Bunpayay pue Bugja) Log s
#y Fuuiea wa|dwey (s20ms jepdig) Suy=yey p HIETREL ]
SRUED)EN0SSE DU SUONEIMUIS.

DIMOEIYE BUILILDT [BI305 BUE DAEIGGE||O).

SBARIDIG0 .
seon FuLRaT.

JDUEINSSY AJMENLY

amanradyy SunLiea| payatany

[PPOIN I3WIEF]

[PPopy 3Fpapuomy

I*POJA IMIEPIT

:iSogoupay

http://www.i-jet.org

54



SPECIAL FOCUS PAPER
ASSESSMENT MODEL FOR COMPLEX LEARNING RESOURCES

questions, a full assessment plan can be developed.
Thereby, it has to be considered that the different forms
cannot be seen as independent aspects, but influence each
other. Hence, the representation does not imply a linear
order of the relevant assessment forms. Nevertheless, it
can be seen as a suggested way of proceeding. The listed
options are a summary of the most relevant assessment
forms, but the selection is of course open to change and/or
extensions. In practice, before starting the assessment, the
learning objectives should be mapped into a set or diction-
ary of competencies, which are then used to build assess-
ment rubrics that give a detailed overview of the learning
goals.

Furthermore, each goal should be connected to a criterion
that specifies how and when a goal is achieved. In the
following the eight considered assessment forms are
explained in more detail:

e Assessment area: In line with the learning theories
that built the background of the enriched learning ex-
perience, for the cognitive domain not only knowl-
edge, but also role, skill, and behavioural assess-
ments should be considered. In order to choose an
adequate method for the assessment, it is necessary to
specify the level of difficulty, i.e. which competence
should be assessed. For this, the six levels according
to Bloom’s Taxonomy [13] can be used (knowledge,
comprehension, application, analysis, synthesis, and
evaluation). Additionally, innovative forms of as-
sessment should always cover the learner’s affective
state in order to enhance learning outcome [19]. As-
sessing learners’ motivation can give important in-
formation about the underlying reasons for their
(missing) learning progress, can help to choose an
adequate learning object in personalized learning en-
vironment, and can help to improve the learning re-
sources. Similarly, the emotional state of a learner
can give important hints on the reasons for a specific
learning state as well as on possible improvements
from the instructor’s side (e.g. if the provided learn-
ing content or assessment process causes frustration
or irritation).

e Assessment referencing concerns the reference
point that is used to evaluate a learner’s status of
knowledge [20]. Norm-related referencing means
that a student’s performance is compared to the per-
formance of peers. If the comparison concerns the
individual’s actual status with a pre-defined domain,
we are dealing with criterion-related referencing. Fi-
nally, ipsative referencing compares a learner’s ac-
tual performance with his or her own performance in
the past. Ipsative referencing has the advantage, that
the individual progress can be monitored. When as-
sessing motivation or emotion, the reference can be
used to e.g. set an intervention whenever the learner
falls below a specified motivational/emotional
threshold (criterion-related) or whenever the individ-
ual curve shows a downward trend over a longer pe-
riod of time (ipsative referencing).

e Assessment strategies: With respect to the persons
involved in the assessment, we differentiate between
who is assessed and who is the assessor. In most
cases the assessment concerns an individual. How-
ever, a group assessment is also possible, if the learn-
ing product was generated by more than one person.
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Regarding the role of the assessor, it can be differen-
tiated between instructor, peers, self, and the system.
Usually, the learner is assessed by the instructor.
However, assessment forms that are based on CLR
also involve students by asking them to either assess
their own work (self-assessment) or the work of their
peers (peer-assessment). This enables students to de-
velop meta-cognitive skills (e.g. by finding criteria
that reflect the quality of their own or their peers’
work) and may also facilitate the work for instructors
(e.g. [19] [21] [22]). Additionally, in e.g. serious
games, system based assessment can be used [23]. In
this case the system or tool itself detects a pattern of
actions which triggers a change of the learning path,
a change in the components of a scene, or the whole
scene in a non-invasive way. Regarding the assess-
ment of motivation and emotion often rating scales
are used, which are self-assessment strategies. How-
ever, affective assessment can also include the meas-
urement of physiological or behavioural parameters,
and thus be instructor- or system based.

Assessment type: Diagnostic assessment (or pre-
assessment) refers to students’ knowledge and mis-
conceptions as well as affective status at the begin-
ning of the learning process. The result can, for ex-
ample, be used for comparisons with a student’s cog-
nitive or affective state at the end of a learning activ-
ity (ipsative referencing). The most common form of
assessment is certainly summative assessment, which
takes place at the end of a learning activity to check
whether a learner has reached the learning goal. In
contrast, formative assessment is employed during
the learning process in order to monitor and improve
the learning progress. Formative assessment provides
a more valuable outcome for the learning process
than summative assessment, because it supports
learners in reflecting their learning performance [24].

Adaptivity: e-Assessment has the great advantage
that it allows personalized testing, where the choice
of the next learning object or test item is adapted to
the needs or knowledge of the learner. Thereby, it
can be differentiated between macro-adaptivity (con-
cerning the adaptive presentation of learning content
and adaptive navigation support) and micro-
adaptivity (concerning non-invasive interventions ef-
fecting the presentation of learning objects) [25].

Assessment method: There is a wide variety of
assessment methods, reaching from simple tests, in-
structor observations, or writing samples to discus-
sions or the analysis of student work [6]. Generally,
we can differentiate between quantitative (e.g. points
or percentage achieved in a test, ratings, physiologi-
cal parameters) and qualitative assessment (e.g. open
ended questions in interviews, behavioural observa-
tions) methods. For e-assessments, computer-assisted
assessment (CAA) with fixed or free response for-
mats is common. Fixed formats are usually multiple
choice items to test the state of knowledge, while free
response formats are used to assess competencies in
programming, essay writing, or meta-skills. The cho-
sen assessment method strongly depends on the as-
sessment area (e.g. multiple choice items for knowl-
edge tests vs. rating scales for motivational assess-
ments), the assessment strategy (instructor, self, peer
or system as well as individual vs. group assess-
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ment), the assessment type (formative vs. summa-
tive) and last but not least the learning objective.

o Feedback: Feedback helps learners to become aware
of gaps in their knowledge, skills, or understanding
of a topic and can thus change their learning behav-
iour (e.g. [24] [26]). It should be provided continu-
ously, although not intrusively in a formal or infor-
mal way in order to support the learners [27]. Gener-
ally, feedback overlaps with formative assessment.

I1l. MODEL APPLICATION IN A SELECTED COMPLEX
LEARNING SCENARIO

To give an example of how the components of the IMA
are reflected in a real learning scenario, we chose a self-
directed learning course with a collaborative writing
assignment. In an online-course on “Scientific Working”
students had to study two articles from provided course
material in order to collaboratively write an essay about
these articles, and to plan a study. For the writing assign-
ments students formed groups of two and used the co-
writing Wiki developed by [28] which provides integrated
self- and peer-assessments (see [29] for an evaluation of
the tool). In order to receive optional automatic assess-
ments during the reading task participants could use the
automatic questions creator AQC before, during, and after
reading the articles [30] [31]. Furthermore, they were
required to fill out one test provided by the AQC at the
end of their reading task. To investigate whether students
could benefit from the learning environment, question-
naires covering task awareness, motivational and emo-
tional aspects, and usability were sent to the students at
three points during the study. A detailed description of the
study can be found in [32].

A. Core Methodoloy

The main learning objective was to create a learning
environment that supports students in self-regulated
learning and working collaboratively. These goals are
related to further objectives such as gaining social compe-
tences (due to collaborative work) or meta-cognitive skills
(due to self-regulated learning activities).

The complex learning resource is a self-directed learn-
ing course integrated with a collaborative writing assign-
ment. The provided co-writing Wiki ensures that students
work collaboratively, its visualization functions support
task and social awareness as well as group well-being.
Visualization tools include e.g. an actions feed listing all
actions taken by the group members and contribution
graphs showing how much each group member has
contributed since the beginning of the assignment. Addi-
tionally it provides self-, peer-, and instructor assessments.
Self- and peer assessments are given by means of a five-
star rating scale regarding the importance of the last
contribution and short comments. To ensure a fair and
consistent assessment across all learning groups an
assessment rubric with three main categories (references,
content, formal aspects) and 13 subcategories designed for
scientific writing was provided for the instructor. Each
subcategory could be assessed by means of a five-star
rating scale and a short comment field. The rubric was
also used for group-assessments, in which students had to
assess the work of two other groups. The AQC creates
tests automatically by extracting concepts and generating
questions (true/false, single choice, fill-in-the-blank, open-
ended) based on a selected content, in this case the pro-
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Figure 2. Methodology to design integrated forms of e-assessment

vided articles. Additionally, the generation of questions
based on self-extracted concepts is possible. Testing one-
self with questions should stimulate the learning process
and support students in self-regulated learning.

Multiple forms of assessment were used. The self-
regulated learning environment incorporated short knowl-
edge tests on the content of the provided learning material,
which were called by the students themselves. The quality
of the collaborative writing assignment was evaluated by
means of ratings of importance, short open comments, and
assessment rubrics (using the categories literature, content,
and style with several subcategories each). The two
former types concerned single contributions and were
given by students themselves or their group members
(self- and peer assessments). Assessment rubrics were
used to evaluate the full assignment and were used by the
instructor as well as by students for the group-
assessments. The eight aspects of assessment outlined in
Fig. 2 were covered as follows:

e Assessment area: cognitive competencies were tested
on the knowledge level with automatically created
questions, affective dispositions by collecting data on
students’ motivation and emotional status. The col-
laborative assignment covered the cognitive levels
comprehension (e.g. identify important steps for
planning a study), application (e.g. apply steps to
own research questions), and synthesis (e.g. plan and
formulate a research design for a given research
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question). The level of evaluation is required by the
group-assessments.

e Assessment referencing: criterion-related from the
instructor’s point of view, who had clear standards
regarding the quality of a paper and norm-related for
the self- and peer-assessments, because students
compared their product to their peers’ work.

e Assessment strategy | — assessor: short self- and
peer-assessments after each change of the collabora-
tive writing assignment; detailed instructor and group
(peer) assessments of the final group products; volun-
tary and required assessment by the system (AQC)
for the reading task.

o Assessment strategy Il — who is assessed: regarding
the reading task (AQC-tests) individuals were as-
sessed, for the writing assignment individual and
group contributions were assessed (self/peer and in-
structor/group assessments respectively).

e Assessment type: formative assessment to monitor
and improve students’ learning process (self- and
peer-assessments, voluntary AQC knowledge tests);
summative assessment after the reading task (re-
quired AQC test) and the writing assignment (in-
structor and group-assessment); diagnostic assess-
ment to check students’ learning progress (questions
regarding students’ knowledge concerning scientific
working before and after the course).

e Adaptivity: only on a very low level, namely regard-
ing the process of collaboratively creating a docu-
ment, because each review given by a peer influences
the next steps taken within the learning process. Per-
sonalized adaptation of learning content or test-items
(e.g. based on students’ current knowledge, motiva-
tional, or emotional status) was not embedded yet.

e Feedback: summative from instructor, i.e. at the end
of the course two tutors gave a detailed individual
feedback on the writing assignments; continuous
from peers by means of comments integrated in the
short peer assessments after each change of the con-
tribution.

e Assessment methods: quantitative and qualitative
methods concerning the cognitive as all as affective
domains. The three questionnaires consisted mainly
of rating scales, which are quantitative, just as the
number of correct questions achieved in the AQC
tests and the star-ratings given in self-, peer-, and
group assessments. Qualitative assessments included
open answers in the questionnaires (e.g. regarding
improvements of the tool), comments in the self-,
peer- and groups-assessments, and a review of the es-
says by the tutors. For the cognitive domain knowl-
edge tests (AQC) and assessments of the writing as-
signment were performed. For the affective domain
rating scales were used to assess students’ motiva-
tional and emotional status during the collaborative
assignment.

Regarding evaluation and validation, the quality of the
automatically created questions was evaluated and the
impact of the whole tool was validated by investigating
students’ extrinsic and intrinsic motivation, emotional
aspects, learning styles and whether these components had
an influence on the learning process.
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B. Inputs to the enriched learning experience

As far as educational aspects are concerned, we inves-
tigated students’ learning styles by differentiating between
the elaborating and the repeating learning style [33] and
their relationship to intrinsic and extrinsic motivation.
Psychological aspects were covered by measuring
motivation during the self- and peer-assessments [34], as
well as emotions while using the tools [35]. Technological
aspects in this study concern the co-writing Wiki and the
AQC. For the co-writing Wiki, ScrewTurn wiki (an open
source wiki using C# and ASP.Net for the front-end
presentation layer) has been selected to be enhanced with
features to maintain task and social-awareness and group
well-being. For assessment in self-directed learning, the
AQC was developed to automatically create assessment
items based on textual material. Regarding Standards and
specifications, the co-writing Wiki combines collaborative
learning and assessment activities, following the guide-
lines by [36]. For the AQC IMS-QT]I assessment content
specifications have been used to represent the created
items [37].

C. Efficiency, effectiveness and quality assurance

To evaluate the CLR (co-writing Wiki and AQC), stu-
dents rated the usability of the tools by means of the
system usability scale (SUS) [38] and made suggestions
for improving the tools. Regarding quality assurance, we
planned the study under consideration of the psychologi-
cal quality criteria objectivity, reliability, and validity.

D. Adaptivity components

The described study aimed at investigating the devel-
oped tools which where therefore used stand-alone.
However, to provide adaptivity in the sense of a learner,
knowledge, and didactic model, in the meanwhile both
tools were integrated in the Intelligent Web Teacher
(IWT) [39], which is a learning management system
allowing the definition and execution of personalized e-
learning experience tailored on the basis of learners’
cognitive status and learning preferences.

IV. EXPERT VALIDATION

As mentioned above, the proposed model was devel-
oped in several steps. The original model was validated by
an expert from the field of cognitive science, whose main
suggestion was to focus more on the assessment part of
the IMA. Thus the model was extended by the assessment
sub-model as it is depicted in Fig. 2. For a second round
of validation, nine e-learning experts from different
European universities were asked to validate the model
concerning the importance of its components, the accu-
racy of the relations among the components, and its
application and relevance in the field of e-assessment.
Additionally they were asked to test and evaluate the two
developed tools co-writing Wiki and AQC.

Five experts, two men and three women participated in
the study. Their working fields vary from psychological
research, information technology, computer science to
teaching at university and on high school level. Their
research interests also shows a variety of expertise,
ranging from media psychology, evaluation, usability,
technology enhanced learning, workplace and collabora-
tive learning, community information systems, (mobile)
social software, social network analysis, to digital libraries
and new product development.
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For the validation process, all experts received a de-
tailed description of the model and sub-model, guidelines
for the tools, and a questionnaire concerning the quality of
the model and tools. Additionally, we provided access to
the tools, so that the experts could go through the func-
tionalities and check the tools’ usability.

Experts reported that they spent on average 4 hours on
reading the Chapter, testing the tools, and answering the
questionnaire. The model validation included the 11 items
listed in Table I. Levels of agreement were generally
stated on a 5-pt. rating scale ranging from (1) “I strongly
disagree” to (5) “I strongly agree”. For question 9 a 7-pt.
scale was used which ranged from (1) “not relevant” to (7)
“very relevant”. After each question, experts were
prompted to comment their rating and if applicable to give
suggestions for improvements. Table | summarizes the
results.

Overall, the five experts gave medium ratings on the
different features of the model. The first three questions
covered the accuracy and completeness of the model. The
main points of critique concerned the lack of social factors
(social entities, social context, group dynamics) and the
abstractness of the model. Furthermore, experts missed
further kinds of complex learning resources (e.g. problem
based and project based learning, mobile technologies or
multimedia) and the assessment of relational factors.
Thus, the social aspect of learning was integrated more
thoroughly by adding social learning to the educational
inputs of the IMA model and by differentiating between
assessing individuals and groups in the assessment sub-
model. With regard to the model’s components (questions
4 through 7), the comments given by the experts show that
the order of the components and the relationships among
the components were not always clear. Again, an illustra-
tion by a concrete example was asked for. Here it is
important to point out that the components in the general
IMA are interrelated in a non- linear way. To highlight the
reciprocal influence of the four main components, arrows
were added for this part of the model. Regarding the
adaptivity components and inputs to the enriched learning
experience (red arrows) we slightly adapted the boxes to
clarify their areas of influence. Similarly, the order of
assessment forms in the sub-model is only one way to
proceed, but not meant as linear order. As mentioned in
the text, the different forms of assessment influence each
other in a non-linear way.

Several times the lack of a concrete example, i.e. the
abstractness of the model was mentioned by the experts.
To meet this concern, we applied the model in different
areas including collaborative and self-regulated learning
(Section 11 in this paper) and storytelling.

The last four questions concern the general quality of
the model regarding its relevance for the field of e-
assessment, its adequacy for evaluating didactic experi-
ences in adaptive learning systems, and general sugges-
tions for improvements. The model’s adequacy was
confirmed for the most part. However, one expert sug-
gested the provision of clearer guidelines on how to
evaluate didactic experiences. As the model represents an
overall framework to describe assessments in very rich
adaptive learning systems, a general guideline for all
different kinds of didactic experiences cannot be provided.
In the same way, the description of the assessment part of
the model points at the fact that the order of questions is
just a suggested way of proceeding. Additionally the final
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forms of assessment are highly dependent on the learning
resource at hand and also influence/restrict each other.
The relevancy of the model in the field of e-assessment
was also rated positively (M = 4.69, SD = 0.89 on a 7pt.
scale), with especially emphasizing the elaborated assess-
ment part. As far as the call for more components is
concerned, we are aware of the fact that the explicitly
mentioned e-assessment components (e.g. CLR, inputs,
assessment areas) are only a selected sub-sample of all
components existing within the field. However, the model
is not meant to be exhaustive but to cover the most
important components which are relevant in the field of e-
assessment.

Summarized, the expert validation of IMA resulted in
the following improvements of the model. First, the social
aspect of learning was considered more thoroughly by
explicitly integrating it to the model. Secondly, applica-
tion scenarios for different kinds of complex learning
resources were provided to show the special aspects to be
considered in a specific scenario. This input is also meant
to meet the request for more concrete examples. Further-
more, minor changes were performed, such as the separa-
tion of educational and psychological aspects, or some
rewording of the model description. Fig. 1 depicts the
revised version of IMA.

With regard to the validation of the tools, four experts
filled out the questionnaire for the AQC and three the one
for the co-writing Wiki. Because this paper focuses on the
theoretical model, results are only summarized very
shortly. The experts considered the co-writing Wiki for
the most part as supportive for students as well as for
instructors, especially the visualization tools and the
assessment rubric were found to be very helpful compo-
nents. In general, the experts saw the fields of application
very broad, but would improve its design and add some
components, such as a search function and more informa-
tion about the contributors. As far as the AQC is con-
cerned, experts confirmed that the tool is a valuable
instrument to test knowledge on a lower level and to get a
first impression of what the students have learned. How-
ever, it is no suitable to test students’ deeper understand-
ing of a subject.

V. DISCUSSION AND OUTLOOK

The aim of this research was to develop an integrated
model for e-assessment (IMA), which meets the chal-
lenges of the adaptive e-learning environment build within
the ALICE project. The latter combines personalization,
collaboration, and simulation aspects wihtin an affec-
tive/lemotional based approach. The final goal is to
provide an interactive, challenging and context aware
environmnet that fosters learners’ demand of empower-
ment, social identity, and authentic learning experience.
The IMA discussed in this paper, describes an enriched
learning experience on an abstract level. It is made up of
didactical objectives, different learning resources, and
assessment activities. It also considers influences arising
from the viewpoints of pedagogy and psychology as well
as from the viewpoint of technology. Furthermore, the
relationship to other models (didactic model, knowledge
model and learner model) is emphasized. Finally, to
assure a high quality standard of the model, efficiency and
effectiveness as well as evaluation and validation proc-
esses are mentioned as indicators coming up from the
model.
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TABLE I.
MODEL VALIDATION BY EXPERTS

. Mean?
Question/Statement (SD) Comments
e too abstract
e need of including mobile technologies or multime-
dia
\%v.o-[lr:je model provides an accurate representation of the real (g.gg) e 1o linear order in reality
e model focuses on learning of individuals, learning
processes of social entities are missing
o |ots of important elements are considered
e missing aspects: social context, group dynamics,
2. The model provides a substantially complete representation 2.20 Worklng/lea}rnmg context, prObl_em based or project
of the real world. (1.10) based learning as complex learning resources
o assessment of relational factors
) _ ) 2.20 o learner/user/student model instead of learning model
3. There is an obvious error in the model. '
(1.14) o 4 experts found no error
o interplay of components
2.80 o illustration by a concrete example
4. The components of the model are easy to comprehend. ' . .
(1.30) o adaption part is not clear
e some components require reading the details
5. All of the included components are relevant and priorities 3.80 hd
are set appropriately. (0.45) °
e add relation between educational/psychological
_ 2.80 aspects and learning goals and technology
6. The relations between the components make sense. ' L . . . .
(1.30) ¢ inside (single learning episode) vs. outside (whole
educational design) the box
S The . 2.80 e no linear order
. e TIows are correct. .
(0.84) o different order (text vs. model)
8. The model fits the requirements/objectives to “specifyand | 55 | o clearer guidelines on how to evaluate didactic ex-
design a functional innovative framework to evaluate (0.96) eriences
didactic experiences in adaptive learning systems”. ' p
o emphasize benefit/advantage of this model
9. All in all, how would you rate the integrated model 4.69° e add more components
regarding to its relevance in the field of e-assessment? (0.89) e adaptive to underlying system
o elaborate and well justified assessment part
o priorities of the model more visible
10. What would you especially improve regarding the model? - o Skip red arrows = background/context
o Integration of relational factors
11, Do vou have an further comments? ) e Focus on individual learning experience, although
-ooy y ' talking about social interaction and collaboration

25-pt. rating scales from (1) I strongly disagree to (5) | strongly agree; ° 7-pt. rating scale from (1) not relevant to (7) very relevant;

The purpose of the IMA is to identify all components
that need to be considered whenever an enriched learning
experience is developed. However, its core is the aspect of
e-assessment, which is no longer a simple task of testing a
student’s knowledge, but has to consider a wide range of
assessment forms in order to give a comprehensive picture
of a student’s learning process, including cognitive and
emotional aspects, individual and social learning, adaptiv-
ity, and so on. To give an example of how IMA can be
used in practice a case study from the ALICE project has
been presented to show how each component of the model
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was considered in a self-directed learning course (using
two tools developed within this context). This first version
and application of the model together with the tools
developed in this context was validated by a sample of
five experts. This expert validation resulted in a few
changes of the model, especially regarding the integration
of social aspects. The results of the application study and
the expert validation show the usefulness of the model
regarding the development of e-learning environments
with comprehensive assessment procedures.
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Future research should include an extension of the IMA
to other areas of application and CLR and especially focus
on the further development of the assessment sub-model.
At the moment, the sub-model gives a comprehensive
overview of important aspects that need to be considered
when planning e-assessments for CLR. However, to
increase the usability of the model, relationships and
dependencies between different forms of assessment
should be considered. For example, a scenario in which
learners do not collaborate does not need a group assess-
ment as strategy. For more convenience of the user
(instructor or course developer), automatic suggestions of
adequate assessments methods depending on the previ-
ously chosen assessment area, referencing, strategy, type,
etc. are also conceivable.
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