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Summary

The GRAPPLE Project (Generic Responsive Adaptive Personalised Learning Environment), aims at
delivering a technology-enhanced learning (TEL) environment to learners that guides them through a
learning experience, automatically adapting to personal preferences, prior knowledge, skills and
competences, learning goals and the personal or social context in which the learning takes place. The
system includes a user model infrastructure that keeps track of the learner's knowledge and skills acquired
during the learning process. This knowledge is made available to the learners and instructors by means of
interactive visualisations that are performed in GRAPPLE. The visualisations will consider the learner model,
the domain model, and the adaptation model, and aim at helping instructors in assisting the learners. The
deliverable also discusses how visualisations may support learners to be more engaged in the learning
process.

This deliverable reports the outcomes of the third phase of the Task 4.5 of the GRAPPLE project. During the
first phase the following has been analysed:

of the state of the art in the field of user modelling, the requirements analysis undertaken with
potential users of the systems through a series of interviews and meetings,

an initial description of user model (UM) and domain model (DM) components (which provide the
input data for the visualisations)

some possible scenario of usage to guide the following phases of the work,

and the technical infrastructure.

In the second phase of the project, the list of data that has been extracted from other GRAPPLE
components, the aggregations made with this data, the design of the visualisations, and the architecture of
the software has been described. At this final phase of the project, the final architecture and implementation
of the module has been described as well as an analysis of final users of the tool that has been performed in
two steps: a first formative evaluation with the mock-ups of the planned visualisation and another summative
evaluation with the GVIS integrated in the GRAPPLE infrastructure, in a real adaptive course.
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1 Introduction

In GRAPPLE we want to support learners with the acquisition of meta-cognitive skills, and the instructors
with a tool to monitor the current status of knowledge of their students. One of the main objectives of WP4 is
to explore the usage of open learner models in GRAPPLE. In order to “open” the model to learners, peers
and instructors, a module has been implemented that is called GVIS (Grapple VISualisations), which make
use of graphical representations of user data distributed in different GRAPPLE modules. These
representations will provide the learner’s individual progress over the domain of knowledge, showing the
learner’s state in relation to concepts, course goals, and peers. Research on open student models showed
that the visualisation of selected parts of learner models supports meta-cognition and helps to raise
awareness of collaborative learning processes in informal learning processes. In GRAPPLE we want to
explore this approach with the GVIS module. In previous deliverables (D4.5a and D4.5b) the state of the art
in the field of user modelling has been analysed, the needs of our potential users with a requirement analysis
have been studied and an initial prototype of the GVIS module has been drawn. This prototype takes the
data from other GRAPPLE modules, performs adaptive aggregations, and generates visual representations
that can be included in the Learning Management Systems as compact indicators or detailed widgets to be
included in a user dashboard that provides the learners with their current learning status. This deliverable
presents the final implementation including the feedback received from users of the first prototype, and
presents an evaluation performed in two stages: a first evaluation with a mock-up, and a user evaluation in a
real learning context.

This document is structured as follows. The next section describes the interface of GVIS with other
GRAPPLE components, the description of the source data, the learner information extracted and the
information provided to learners. Section 3 contains some mock-ups, which have been evaluated with users
in section 4. Section 5 describes the general architecture of the GVIS system, some technical details, and
the integration in the LMS. Section 6 describes the implementation of some visualisations; these have been
evaluated in a real GRAPPLE course with students in section 7. Finally, in section 8 we drew some
conclusion are drawn and ideas are generated for future work.

The original contribution of this deliverable, with respect to the previous ones, is contained in sections 4, 5, 6,
7 and 8. The readers who are familiar with previous deliverables (D4.5a and D4.5b) may skip the following
two sections.

2 The graphical interactive visualisation tool for Grapple (GVIS)

GVIS is one of the components of the GRAPPLE system. It aims at visualising learner data that is stored
mainly in the GRAPPLE user model framework (GUMF). Learner data is generated by users’ activities that
are registered when learners navigate through an adaptive course with GALE, or perform a quiz or another
activity in the LMS. The interface between GVIS and other GRAPPLE modules is depicted in Figure 1, while
the description of the data exchanged with these modules (the data providers) is summarised in Table 1.
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GVIS

GUMF @ GALE

Figure 1: Diagram of communication interfaces between GVIS and data providers

Table 1: Data providers for GIVIS

Data Description Interface to GVIS
provider
GAT The GAT (GRAPPLE Authoring Tool) is the authoring GVIS fetches GAT data

component of a GRAPPLE course. It is composed of three | through a specific web
elements, DM (Domain Model), CRT (Concept Relationship | service interface.
Type) and CAM (Conceptual Adaptation Model). Some data
from these elements, defined by authors/instructors by
means of these components, are needed by visualisations
(such as the list of concepts of a course, or the expected
knowledge level for concepts). The GAT has an internal
repository that contains all the data structures. Data from
this repository can be extracted by means of specific web
service interface.

GUMF Contains all user-related data. It is the main source of data | GVIS retrieves the data
for GVIS. In particular, GUMF will contain the data through the GEB or,
generated by alternatively, through a
. SPARQL endpoint interface
GALE, such as whether a concept is currently exposed by GUMF.

suitable for a user or not, the level of knowledge the
learner has of the concepts,

LMSs, such as the role of the user in a course, the
list of students, the list of activities.

GALE and LMS store their user data into GUMF through
the Grapple Event Bus (GEB). GVIS receives user data
through SPARQL via the GEB connection bus.

2.1 Source Data

The following table (Table 2) reports the data items that can be extracted from the data provides identified in
Table 1, and can be used for the visualisations produced in GVIS. However, not all data was actually used in
the final version of GVIS. Data items depicted in grey shaded rows of Table 2 are intended for future use or
for new visualisations.

Evaluation and refinement of interactive visualization of models and students data Page 8 (84)
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Table 2: list of source data for GVIS (shaded means not used or implemented)

Name Description Data Data Comments.
Type | provider *

ConList List of all concepts of a List GAT (CAM)
course.

StulList List of learners enrolled on | List GUMF (LMS)

a course

ConVis The number of times that a | Integer GUMF
learner has visited a (GALE)
concept in GALE

UsrRole Provides information about | Text GUMF (LMS)
the role of the user in a
course (e.g. teacher,
student, tutor, etc.).

KnoLevel Knowledge level of the Number | GUMF
learner for a particular (GALE)
concept.

KnoLevExp | The expected knowledge Number | GAT (CAM) The expected knowledge level is
level of the learner in a defined by the instructor and
particular concept. corresponds to the minimum

knowledge level that the learner
has to acquire to have a sufficient
knowledge of a concept for
finishing a course. A default level
will be assumed and the author
will change the defaults with
CRTs if he so wishes.

ActList List of learning activities in List GUMF In the current GVIS
a course. A learning activity (LMS,GALE) | implementations, the list of
is an action in the learning activities correspond to the list of
environment that is related resources (pages) in a GALE
to learning. course

ActVis Number of times a Integer GUMF In the current GVIS
learneruser has visited a (LMS,GALE) | implementations, the list of
particular activity (from activities correspond to the list of
ActList) resources (pages) in a GALE

course

ConSuit Whether a particular Boolean | GUMF This information is inferred by
concept is suitable for a (GALE) GALE, and then stored into
user or not GUMF.

For future use.

ConRel List of existing domain List GAT For future use.
relationships between two
concepts

StuAccess | The number of times a Integer | GUMF (LMS) | For future use.
learner has accessed a
course

! The GRAPPLE module where this data is generated is indicated between parentheses.
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KnoHist

Knowledge level of the
learner of a particular
concept at a particular time
in the past

Number

GUMF

For future use.

KnoRange

Range of values (maximum
and minimum values) for
knowledge level.

Number

GUMF

It is expected that the range of
values for knowledge level is [0.0,
1.0]. However, if the range is
different, the GUMF has to
provide these values.

[in this case, assumed fixed
from O to 100]

GoalList

List of all goals defined in a
course.

List

GAT (CAM)

A goal represents a particular
level reached by the learner
during the learning process. For
instance, it could indicate that a
learner reached a milestone, or
acquired enough knowledge of
the topics in the course. Each
goal corresponds to a particular
CRT. There can be several goals.
Goals are set by course authors
in the CAM editor.

Default implicit goal: reach all
expected knowledge levels for all
concepts. Additional goals can be
set via CRTs.

For future use. Currently, GUMF
doesn’t contain information about
goals.

GoalRea

Whether a learner reached
one particular goal

Boolean

GUMF
(GALE)

A goal is defined with a particular
User Model variable. This variable
is defined in the CAM and
calculated by GALE.

For future use. Currently, GUMF
doesn’t contain information about
goals.

2.2 Information descriptors

This section contains details about the information that GVIS provides to learners and instructors. The
following information descriptors have been compiled taking into consideration the source data identified in
the previous section, and the user requirements and the analysis defined in the deliverable D4.5a. The
overall goal of the information descriptors is to identify unit of information that can support learners with the
acquisition of meta-cognitive skills, and the instructors to monitor the status of their students.

The visualisation in GVIS are built on the basis of the information descriptors hereafter described.

Each information descriptor is characterized by the following elements:

A short name

The name and a synopsis of the meaning of the data

Whether the information represents facts about the learner or about the class (column title: type)

Target users

Evaluation and refinement of interactive visualization of models and students data Page 10 (84)
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Possible interaction of the users with the visualisations that represent that information (column title:
User interactions).

Type of information (column)

Two or more information items described in the following table can be combined into a single graphical

representation.

Two types of visualisations will bevisualisations are generated by GVIS: a compact indicator , which can be

placed as a side barblock on the main page of the course or a detailed visualisation

:visualisation , which

can placed on a special dashboard , which can be accessed by users of the system by clicking on the
compact visualisations.

2.2.1 Descriptors for compact indicators

Information described in the following table will be implemented as “compact indicators” that the users will
see as a side barblock on the main page of the course in the Learning Management System. A compact
indicator can implement one or more of the items described in the table.

Not all indicators were actually implemented in the current version of GVIS. Indicators depicted in grey
shaded rows of the following table are intended for future use or for new visualisations.

Table 3: Descriptors for compact indicators.

Name Information Type Target users Required | Description of
(in order of source the.
relevance) data aggregations
KnowStud Overall knowledge acquired Learner | Learner ConlList, The average
by a learner KnoLev, knowledge level

[KnoRange | (KnolLev) of the

] learner per
concept of the
course
(ConlList).

KnowClass Overall knowledge acquired Class Instructor StulList, The average
by the class Learner ConlList, overall

KnoLev, knowledge level

[KnoRange | (KnoLev,

] ConlList) per
student of the
course (StulList)

ConVisStud Number of concepts visited by Learner | Learner ConlList, Counts the
a learner ConVis number of

concepts in the
course
(ConlList) visited
at least once by
the learner
(ConVis)

Evaluation and refinement of interactive visualization of models and students data
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ConVisClass

ActStud

ActClass

Number of concepts visited by

the class

Number of activities performed

by a learner

Number of activities performed

by the class

Class

Learner

Class

Instructor

Learner

Learner

Instructor

Learner

StuList,
ConlList,
ConVis

ActList,
ActVis

StulList,
ActList,
ActVis

The average
value of
concepts visited
(ConlList,
ConVis) per
learner
(StulList).

Counts the
number of
activities in the
course (ActList)
performed at
least once by
the learner
(ActVis)

The average
number of
activities
performed
(ActList, ActVis)
per learner
(StulList).

2.2.2 Descriptors for Dashboard’s views

Information described in the following table are implemented with a special dashboard that can be accessed
by users of the system by clicking on one of the compact visualisations described in the previous section.
The dashboard will contain the widgets that will implement the items described in the table.

Not all indicators were actually implemented in the current version of GVIS. Indicators depicted in grey
shaded rows of the following table are intended for future use or for new visualisations.

Table 4: Descriptors for dashboard's views.

Name Information Type | Main target Required Description of User
users source data the interaction
(in order of aggregations S
relevance)
KnowConcStud |Knowledge level of the | Learner Learner ConlList, Given a learner, Filtering on
learner for every KnowLev, for each concepts
Instructor :
concept of the course KnoRange | conceptin the .
Sorting by
Tutor course
knowledge

(ConlList), it
provides the
current level of
knowledge
acquired by the
learner
(KnoLev)
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KnowConcClas
S

Knowledge level of the
class for every concept
of the course

Class

Instructor
Tutor

Learner

StuList,
ConlList,
KnoLev,
KnoRange

Provides the
average
knowledge level
(KnoLev) per
student
(StulList) for
every concept
of the course
(ConlList),

Filtering on
concepts,
learners

Sorting by
knowledge

ActVisStud

Indicates which
activities have been
visited by a student

Learner

Class

Learner
Instructor

Tutor

ActList,
ActVis.

Indicates which
activities
(ActList) have
been visited
(ActVis) by the
learner

Filtering on
activity

KnowConcExp

Expected knowledge
level for every concept
in the course

Learner

Class

Learner
Tutor

Instructor

ConlList,
KnoLevExp

Provides
information
about the
expected
knowledge level
(KnoLevExp) for
every concept
of the course
(ConlList).

Filtering on
concepts

KnowConcStud
Hist

Knowledge level of the
learner in the past for
every concept of the
course

Learner

Learner
Tutor

Instructor

ConlList,
KnoHist,
KnoRange

Provides for
each concept of
the domain
(Conlist), the
level of
knowledge
acquired by the
learner at a
particular time
in the past
(KnoHist)

Manipulatio
n of date
(eg.
through a
slider)

KnowConcClas
sHist

Knowledge level of the
class in the past for
every concept of the
course

Class

Instructor
Tutor

Learner

StuList,
ConlList,
KnoHist,
KnoRange

Provides for
each concept of
the domain
(ConlList), the
average
knowledge per
learner (StuList)
at a particular
time in the past
(KnoHist)

Manipulatio
n of date
(eg.
through a
slider)

SuitConcStud

Indication about which
concepts are currently
suitable for the learner

Learner

Learner

Tutor

ConlList,
ConSuit

Indicates which
concepts
(ConlList) are
currently
suitable
(ConSuit) for
the learner

Filtering on
concepts
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SuitActStud

Indication about which
activities are currently
suitable for the learner

Learner

Learner

Tutor

ActList,
ActSuit

Indicates which
activities
(ActList) are
currently
suitable
(ActSuit) for the
learner

Filtering on
activity

GoalStud

Indication of
achievement for each
learning goal.

Learner

Learner
Tutor

Instructor

GoallList,
GoalRea

Indicates which
learning goals
(GoalList) are
currently
achieved
(GoalRea) by
the learner

Filtering on
goal.

GoalStudNum

Number of learners that
have achieved a
particular learning goal

Class

Instructor

StulList,
GoalRea

Counts the
number of
learners
(StuList) that
have achieved
a learning goal
(GoalRea)

3 First mock-ups of visualisations

Before starting with the implementation of visualisations, some mock-up of the visualisations have been

created that were scheduled for implementation in GVIS. The aim of these mock-ups is to evaluate them with
the target users. Once the evaluation is concluded, the widgets based on the feedback received by the users
will be implemented.

The visualisation can be divided into 3 groups, according to the type of information provided:

Knowledge

Activities

Goals

The GVIS module supports two kinds of widgets: compact indicators , which are small widgets integrated
into the LMS course web interface, and widgets to be placed on a dashboard that opens a new window in

the user interface.

3.1 Knowledge

The knowledge level of concepts in the course is the most important information that has to be presented by

GVIS to the learners. It can be presented to the learner but also to teachers and tutors. The overall

knowledge acquired by a learner can be represented by the average knowledge level of the learner per
concept in the course.

3.1.1 Views

The first type of view type is the overall knowledge level. The information represented by the following views
is referred to by the information descriptors as follows:

KnowsStud : The overall knowledge acquired by a learner

KnowClass : The overall knowledge acquired by the class

Evaluation and refinement of interactive visualization of models and students data
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The following pictures present this value in two ways: a textual and a graphical view (both available for
integration in the LMS interface):

Knowledge 7.2 outof 10.0

Figure 2: The overall knowledge level in textual view

In the graphical view we also represent (in yellow) the overall knowledge acquired by the class, where the
green bar represents the learner's knowledge. On the teacher/tutor view, only the yellow bar is represented.
The end point of the line represents the upper limit of the range of the knowledge level.

Knowledge

Figure 3: The overall knowledge level in graphical view (learners' version)

When clicked a more detailed view is provided if the user clicks on the compact indicator. Detailed views are
used for representing the knowledge level for every concept in a course. To this end, a dashboard is
provided to users of GRAPPLE that will contain more complex visualisations. The dashboard is activated
when the user clicks on one of the compact indicators.

In particular, the following information descriptor is presented:
KnowConcStud : Knowledge level of the learner for every concept of the course
KnowConcClass : Knowledge level of the class for every concept of the course
KnowConcExp : Expected knowledge level (target) for every concept of the course

KnowsStud : The overall knowledge acquired by a learner

The first visualisation is a bar chart (see Figure 4). Each vertical bar represents a concept in the domain. The
knowledge acquired by the student is encoded into the green bar; The knowledge acquired by the class is
reflected in the yellow bar. If the expected knowledge is available then it is represented with a horizontal line.
The dashed line represents the maximum knowledge level achievable. This view will be available to learners,
tutors and teachers.

Evaluation and refinement of interactive visualization of models and students data Page 15 (84)



GROPPLE

D4.5c¢ - Evaluation and refinement of interactive visualization of models and students data (v1.0)

C1

C2

e e ==

C3

C4

CS

C6

Figure 4: Knowledge level for a learner and class, and expected knowledge level, in expanded form

If historical data is available in the GUMF, it is interesting to compare the knowledge of a learner in the past
with the current knowledge. The next visualisation (Figure 5) is designed to compare the knowledge level of
a learner and the class at a particular time in the past (the top bar graph) with the current status (the bottom

bar graph).

A different view will be provided to tutors, in order to allow a more specific comparison of concepts and
learners. The visualisation is based on a matrix, where learners are mapped into columns, and concepts into
rows (see Figure 6). The level of knowledge of a learner in a concept is mapped into the size (in particular,
the radius) of each cell of the matrix. The colour of the cell represents whether the learner reached (in green)

or not (in red) the target knowledge level.

In another visualisation (see Figure 7) the bar graph near the concept’'s name gives an indication of overall
knowledge of the class on that concept (red bar). The shape of the cell represents whether the learner
reached (square) or not (circle) the target knowledge level. The green bar next to the learner names
indicates the overall knowledge acquired by the learner (KnowStud). The arrows can be used to interact with
the view to sort the columns or the rows in ascending or descending order, according to the knowledge level
of a learner forstudent in columns, or the overall knowledge of the class in rows.

Evaluation and refinement of interactive visualization of models and students data
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Figure 5: The top graph shows the historic knowledge level of both a learner and the class (with expected
knowledge level) with history: the situation at a previous moment and in the bottom part,). The bottom graph
shows the current situation.
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Figure 6: Knowledge level representation as matrix (learners - concepts)
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Figure 7: Knowledge level representation as matrix (learners - concepts)

3.2 Activities

3.2.1 Learner view

Learners will be provided with the information about the activities visited. A similar look-and-feel to the
previous visualisations will be adopted. The information represented by the following views is:

ActStud : Number of activities performed by a learner
ActClass : Number of activities performed by the class

ActList : Number of activities available in the course

Activities 17 outof 19

Figure 8: Number of activities visited in textual form

The following representation also includes the average number of activities visited by the learner of the class
(in yellow). These last two widgets will be available for integration in the LMS interface.
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Figure 9: Number of activities visited in graphic form, the green bar represents the student data and the
yellow bar represents the class data.

The learner can explore details about each single resource through the following representation.

The horizontal bar next to the activity name represents (in red) the percentage of learners that have
accessed that activity. The vertical bars represents two types of information; the blue bar represents the
percentage of the activities that have been accessed by the learner in blue, whereas the green bar
represents the percentage of activities that have been accessed by the class in green. The learner can then
compare his status towith that of the class. The bullet shows that the current learner has visited the resource.

Figure 10: Analytic view of activities viewed by a learner

Another way to encode the number of views for every activity would use the radius of the bullets or add a
new textual description.
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Figure 11: Analytic view of activities viewed by a learner — other possibility

3.2.2 Teacher/Tutor view

Teachers are supported by a view (Figure 12), based on a matrix that represents the learners (or a selected
subset of learners) in columns and the activities in rows. The filled circles indicate which activities resources
have been accessed by a learner. Another possible representation could be using the numbers to describe
the number of times a learner accessed a particular activity, instead of using a binary variable like the
presence of a circle. The horizontal bars near the activity names represent the percentage of activities
accessed by any learner, while the vertical bars above the learner name on x-axis indicates the percentage
of activities accessed by the learners. The graph can be reorganised in ascending or descending order on
the learner names, activities, horizontal bars and vertical bars.

Figure 12: Details of activities visited by learners
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3.3 Goals

Learning goals are important indicators of the advancement of the learning process. They could be
represented by a combination of learner characteristics (like the knowledge achieved, the number of
activities done, etc.). The list of goals will be defined by the instructional designer in the CAM. When the
learner reaches a particular goal, this information will be detected and stored in the user model.

The information represented by the following views is:
GoalStudNum : The number of learners that have achieved a particular learning goal

GoalStud : Indication whether a learner achieved the learning goals

3.3.1 Learner view

The learner view only presents a list of all the goals settled in the current course and which of them have
been achieved. This widget is one of the candidates to be embedded in the LMS interface. The detailed view
that will allow the learner to explore the analytic situation is presented in the left part of the Figure 13.

Like in the previous views, the bars represent aggregated data and work as references.

Figure 13: Goals achieved by the current learner. On the left: the representation of the compact indicator. On
the centre and on the right: a representation of the detailed views of the dashboard.

3.3.2 Teacher/Tutor view

In the Teacher/Tutor view a matrix of goals achieved by learners is presented (see Figure 14) as awareness
information and as an analysis tool, to identify problematic goals or problematic situations (for instance, a
learner failing all the goals) or to show common patterns.
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Figure 14: Goals achieved by learners

4 Evaluation of the Visualisation Mock-Ups

4.1 Introduction

In the course of formative evaluation, the visualisation ideas developed in T4.5 have been addressed in a
written learner questionnaire. The visualisation mock-ups have been presented to learners in order to gather
feedback on the perceived benefits of visualisations, usability and acceptance. The visualisation tools in
GRAPPLE are generally intended for teachers as well as for learners. Teachers/instructors (the terms
teacher and instructor are used synonymously here) are provided with different and more detailed
visualisations to get an overview of the learning progress of a whole class or group of learners. The expected
benefit is an empowerment of teaching by making the instructor aware of different needs of learners and
facilitating individualisation. For learners a visual feedback of their own learning and progress, and where
they stand in relation to their peers is important in order to promote reflection on their learning and enhances
their knowledge awareness. The expected benefit is therefore empowerment of learning effectiveness and
collaboration. Usability and acceptance are evaluation topics that are relevant for both types of
visualisations. Regarding usability, crucial questions are whether the visualisations are suitable for their
intended purpose and whether they are self-descriptive and understandable. The objective of the survey
conducted was to investigate whether the visualisation ideas feature an appropriate quality on these
expected benefits and topics. These aspects were queried for visualisation mock-ups by gathering subjective
assessment from learners. Therefore, instead of presenting all visualisations (i.e. both, for learners and for
teachers) to all participants, it was deemed reasonable to create different paths in the questionnaire
depending on the visualisation types. Consequently, learners should only be queried on visualisations
intended for learners, and teachers only on visualisations intended for them. The following sections outline
the method and outcomes of the evaluation of the visualisation mock-ups.
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4.2 Method

4.2.1 Participants

In total 45 participants took part in the evaluation of the visualisation mock-ups., 20 males and 25 females.
Participants were recruited by the project partners involved in T4.5 from academic settings of different
backgrounds (mainly computer science and psychology). Participants were on average 29.12 years old (SD
= 6.0), with a range between 22 and 46 years. Of

In order to present participants only the visualisations relevant for them a question on the perceived role in
the learning/teaching process was presented quite at the beginning of the evaluation. From the overall
sample 13 persons considered themselves as learners and filled out the questionnaire on the learner
visualisations only, 2 denoted themselves as instructors and filled out the part on instructor visualisations
only. The rest (30 participants) felt related to both roles and responded to the complete questionnaire
covering both types of visualisations (see Table 5). The comparably large group of persons relating to both
roles mainly consists of advanced students of psychology who were recruited and took part in the evaluation
in the context of a seminar. These students, being close to their degree, seemed to feel related also to the
role of an instructor, in addition to their traditional role as learners.

FREQUENCY PERCENT
LEARNER 13 28.9
INSTRUCTOR/TEACHER 2 4.4
BOTH 30 66.7
45 100.0

Table 5: Sample of the visualisation evaluation.

4.2.2 Material
4.2.2.1 Visualisations
The questionnaire contained a selection of visualisations . As some visualisations were very similar, the

survey was shortened by including questions about those visualisations on whether respondents would find
certain variant(s) of the visualisation helpful or preferable.

Visualisations for learners

The visualisations for learners were presented to in total 43 participants (i.e. those who indicated ‘learner’ or
‘both’ as perceived role in the learning/teaching process). Three different learner visualisations have been
addressed (see Figure 15).

VisST1 VisST2 VisST3
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Figure 15: The three different learner visualisations, VisST1, VisST2 and VisST3.

VisST1 describes the overall knowledge acquired by the class (yellow bar), where the green bar represents
the learner’s knowledge.

VisST2 shows the knowledge level for a learner and class. Each vertical bar represents one concept of the
domain, the knowledge acquired by the learner is encoded into the green bar. The knowledge acquired by
the class is shown by the yellow bar. If the expected knowledge is available then it is represented with a
horizontal line. The dashed line represents the maximum knowledge level achievable.

VisST3 represents the analytic view of resources viewed by a learner. The horizontal bar next to the activity
name represents (in red) the percentage of learners that have accessed that activity, the vertical bar
represents two types of information: in blue the percentage of the activities accessed by the learner, and in
blue , the percentage of the activities accessed by the class in green. The learner can compare his/her
status to that of the class. The bullet indicates the fact that the current learner has visited the resource.

Additionally, four possible variants of those visualisations were also presented including the question on
whether respondents find these variants helpful or preferable (see Table 6).

1) Variant of VisST1

2 ) Variant of VisST1

3) Variant of VisST3 (1)

4) Variant of VisST3 (II)

DO YOU FIND A
SIMILAR
VISUALISATION OF
THE NUMBER OF
ACTIVITIES (I.E.
LEARNING
OBJECTS) VISITED
BY A LEARNER
HELPFUL?

DO YOU PREFER A
NUMERICAL
REPRESENTATION TO
THE GRAPHICAL
VIEW?

DO YOU PREFER
THE FOLLOWING
VISUALISATION TO
THE ONE

PRESENTED ABOVE
?

DO YOU FIND A
SIMILAR
VISUALISATION OF
THE LEARNING
GOALS ACHIEVED BY
A LEARNER
HELPFUL?

Evaluation and refinement of interactive visualization of models and students data
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Visualisations for teachers

The visualisations for teachers were presented to in total 32 participants (i.e. those who indicated ‘teacher’ or
‘both’ as perceived role in the learning/teaching process).

The teacher part of the survey included two visualisations and one possible variant (see Figure 16).

Visll describes the knowledge level for the class. The visualisation is based on a matrix, where learners are
mapped into columns, and concepts into rows. The level of knowledge of a learner in a concept is mapped
into the size (in particular, the radius) of each cell of the matrix. The colour of the cell represents whether the
learner reached (in green) or not (in red) the target knowledge level.

Visl2 shows the details of activities visited by learners. A matrix showing the learners (or a selected subset)
in columns and the resources in rows: The filled circles indicate which activities a learner accessed. The
horizontal bars near the activity's name encode the percentage of learners who accessed the activity, while
the vertical bars above the learner name indicate the percentage of activities accessed by the learner.

Visil

Visl2

Possible variant of VisI2

WOULD YOU FIND A SIMILAR VISUALISATION
OF THE LEARNING GOALS ACHIEVED BY
LEARNERS HELPFUL?

(Note: This visualisation lists the goals instead of
learning activities/resources at the right side.)

Figure 16: The instructor visualisations, Visl1 and Visl2, and the possible variant of the second visualisation.
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4.2.2.2 Evaluation Questionnaires

Demographic Questionnaire

In order to assess relevant user variables, a short demographic questionnaire had to be filled out by the
participants. The demographic questionnaire included only questions on gender, age, and project partner,
this was to reduce the load on the respondents of filling out the questionnaire, so they could focus more
clearly on the more relevant part of giving feedback on the visualisations. Querying the experience with
virtual learning environments was deemed not highly relevant in this case, as the visualisations, the
demographic questionnaire only included questions about gender, age and project partner. were evaluated
detached from a learning system. A respective question was however included for the evaluation with the
implemented visualisations (compare section 7).

Questionnaire for Subjective Assessment of Visualis ation

The questionnaire used in the survey was based on the D8.2a Evaluation Guidelines with some small
adaptations. The minor changes related to the explicit distinction between the different visualisation types, on
the one hand, and on the other hand to reduce the aim of reducing workload of the participants, on the other
hand (details can be found in the D8.1b Refinement and Improvement of the Evaluation Framework, section
2.2.3 Adjustments for the Evaluation Visualisation). The questionnaire consisted of three main parts referring
to usability, visualisation benefits, and acceptance. Whilst acceptance did not cover any subscales but
included only two items as a global indicator, the other topics covered individual subscales referring to
different aspects — as can be seen below:

Perceived usability — in terms of
0 suitability for the task
o self-descriptiveness
Visualisation benefits:
o For learner visualisations
Metacognition
Cognitive load
Learning effectiveness
Benefits for peers/collaboration
o For instructor visualisations
Metacognition
Cognitive load
Benefits for instructors (personalised/individualised instruction)

Acceptance

Each aspect of the subscales was assessed with two items, i.e. statements that had to be answered on a
five-point rating scale with the end poles strongly disagree (=1) and strongly agree (=5). In this way for each
aspect a mean score averaging across the two items could be calculated. Furthermore, an overall usability
score could also be calculated from the usability scores using the two subscales of usability.

To gather information about the derivation of ideas on how to improve the visualisations and their benefit for
learners and instructors, one open question was included for each visualisation in the questionnaire (i.e.
‘Could you please describe in more detail your opinion on this visualisation (positive/negative aspects, how
to improve it)?’).

The questionnaire was implemented and administered as an online survey using the LimeSurvey tool (see
also D8.1b, section 2.1 Online Survey Tools). The three different sections of the questionnaire that
corresponded to the perceived role in the educational process (learner, instructor, or both) were
implemented through the application by means of a conditional question (i.e. Do you see yourself rather in
the role of a learner or a instructor/teacher (or both)? — with answer options ‘learner’, ‘instructor/teacher’,
‘both’). As a result, depending on his/her answer a respondent was presented either with only the
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visualisations for learners or for instructors or both. The complete questionnaire, both for both student
visualisations, and instructor visualisations can be found in the Appendix F.

4.2.3 Procedure

The first evaluation of GRAPPLE visualisations was carried out in March 2010 and was realised in form of an
online survey which had three different ways of presentation. Learners were queried only on visualisations
intended for learners and instructors only on visualisations intended for instructors. Participants who were felt
to be both learners as well as instructors were asked to give feedback to both types of visualisations. In this
way, the number of questions to be answered by each respondent could be reduced to those visualisations
actually relevant for him/her.

The procedure was as follows:

a) At first, the demographic questionnaire had to be filled out.

b) This was followed by a short introduction to the goal of the user survey, concluding which concluded
with a question on their perceived role in the educational process. Depending on the respondent’s
answer to this question, just only the respective type of visualisation was presented (learner,
instructor/teacher, or both).

c) Participants were then presented with the first visualisation to be evaluated, accompanied an
explanation of the purpose of the visualisations, and the depicted information.

d) Participants were requested to have a close look at each visualisation to subsequently fill out the
guestionnaire of the respective visualisation and, if applicable, to answer a question on variants of
the respective visualisation.

e) For the different visualisation to be evaluated, steps c) and d) were repeated for each visualisation.
Subsequent to giving feedback onto one visualisation, (if available) the next visualisation together
with the questionnaires was provided and answered by the participants, and so forth.

4.3 Results

For the scores calculated from the questionnaires the possible score range is for each subscale is 1-5, with
higher values indicating a better result (note: this also holds for the subscale ‘cognitive load’). Values above
the middle of the scale are suggested as a good evaluation result (with higher values indicating a better
result) and values in the lower half of the scale are seen as an indicator for a low quality of visualisation.

The following sections present the results of the student visualisations and their variants followed by a
description of the results of the instructor visualisations. According to the branched querying mechanism, 43
participants gave feedback on the student visualisations, while the instructor visualisations were assessed by
in total 32 participants.

4.3.1 Results for Student Visualisations

Student Visualisation 1 (VisST1)

1) VisStl 2) Variant of VisST1 3) Numerical
presentation of
VisST1

Figure 17: Student visualisation VisST1, the variant of VisST1, and the numerical presentation of VisST1.
For VisST1 (see 1 in Figure 17) there are medium to good results in all aspects. The average scores range

from 2.95 (SD = 0.73) in the cognitive load scale to 4.14 (SD = 1.04) in the self-descriptiveness scale. The
best results could therefore be found in the general usability scale (M = 4.06; SD = 0.77) and its two
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subscales ‘suitability for the task’ (M = 3.98; SD = 0.76) and ‘self-descriptiveness’ (M = 4.14, SD = 1.04).
Table 7 below shows all results in detalil.

SUBSCALES N MIN. MAX. MEAN SD
SUITABILITY FOR THE TASK 43 1.00 5.00 3.98 0.76
SELF-DESCRIPTIVENESS 43 1.00 5.00 414 1.04
USABILITY 43 1.00 5.00 4.06 0.77
METACOGNITION 43 2.50 5.00 3.62 0.69
COGNITIVE LOAD 43 1.00 4.50 2.95 0.73
LEARNING-EFFECTIVENESS 43 1.00 4.50 3.34 0.84
BENEFITS FOR PEERS 43 1.00 5.00 3.42 1.09
ACCEPTANCE 42 1.00 5.00 3.30 1.16

Table 7: Results for VisST1.
Note: As the different subscale scores are means calculated based on two items each, the minimum or maximum score
may also contain halves.

Most respondents (24 out of 43 responding to the student visualisations , i.e. 55.8%) found a similar
visualisation of the number of activities visited (see 2 in Figure 17) helpful; 9.3 % (4 out of 43) of the
respondents did not think so. The other 14 respondents (31.1%) did not have a stated opinion or preference.

The majority of respondents, i.e. 29 out of 43 respondents (64,persons (67.4%), did not prefer a numerical
presentation of the knowledge acquired (see 3 in Figure 17) over the graphical form. On the contrary, 13
respondents (28,9%)persons (30.2.%) would prefer this numerical kind of presentation. One participant
indicated no preference.

The answers to all open questions were analysed in order to identify meaningful answer categories reflecting
participants’ answers and to be able to calculate answer frequencies accordingly. Answer categories were
distinguished referring either to positive or negative aspects and suggestions for improvement. The results of
the open question for VisST1 ( ‘Could you please describe in more detail your opinion on this visualisation
(positive/negative aspects, how to improve it)?’) are summarised in Table 8.

SUGGESTIONS
POSITIVE NEGATIVE
ASPECTS FREQUENCY ASPECTS FREQUENCY | FOR IMPROVE- FREQUENCY
MENTS
GOOD/USEFUL 8 POSSIBLE NEG 7 LABELLING OF 3
INFORMATION EFFECTS ON BARS
SELF-WORTH OR
ON
COLLABORATION
— DIFFERENT
VISUALISATIONS
FOR
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UNDERACHIEVER
S

INVESTIGATED

CLEAR AND NO SCALING — IMPROVE 2
EASY TO ADD SCALING GRAPHIC
UNDERSTAND STYLE,

COLOURS
MOTIVATING REFERENCE BARS SHOULD 2
EFFECT SPACE/CONTEXT BE VERTICAL
THROUGH UNCLEAR AND INSTEAD OF
COMPARISON INFORMATION HORIZONTAL
TO THE CLASS THEREFORE NOT

MEANINGFUL

SUPPORT OVERLAPPING OF POSSIBLE 1
SELF- BARS POS/NEG
AWARENESS/R EFFECTS
EALISM SHOULD BE

SUPPORT OF
LEARNING
QUESTIONABLE

VERY BROAD
INFORMATION —
MORE DETAILS
WOULD BE
DESIRABLE

NOT SELF-
DESCRIPTIVE

Table 8: Qualitative feedback concerning VisST1.

The most prominent feedback was that respondents think that this visualisation provides good and useful
information (8 respondents) and is clear and easy to understand (6 respondents). The motivating effect
through the comparison to peers was also mentioned (5 respondents). On the other hand however, the
comparison to the class was indicated to be possibly problematic and might negatively affect self-worth and
collaboration (7 respondents). A few respondents thought that specifically for underachievers this kind of
comparison could be disadvantageous. The fact that the visualisation features no scaling and has no
reference space was criticised (5 respondents each). For better understanding of the scale it was deemed
desirable by 3 respondents to add scaling and to label the bars.

Student visualisation 2 (VisST2)
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VisST2

Figure 18: Student Visualisation VisST2.

Similar to the first visualisation, this mock-up also received medium to good results in all aspects (see Table
9). However, in total most mean scores lie slightly below the results of VisST1. The scores range from 2.89
(SD = 0.84) for ‘cognitive-load’ to 3.83 (SD = 1.08) for ‘suitability for the task’. Like for VisStl, the highest
scores were reached on the usability subscales ‘suitability for the task’ with the value 3.83 (SD = 1.08) and
‘self-descriptiveness’ with a value 3.61 (SD = 1.27). The average usability score is 3.73 (SD = 1.06).

SUBSCALES N MIN. MAX. MEAN SD
SUITABILITY FOR THE TASK 38 1.50 5.00 3.83 1.08
SELF-DESCRIPTIVENESS 38 1.00 5.00 3.61 1.27
USABILITY 38 1.25 5.00 3.73 1.06
METACOGNITION 38 1.50 5.00 3.63 0.91
COGNITIVE LOAD 38 1.00 4.50 2.89 0.84
LEARNING-EFFECTIVENESS 38 1.50 5.00 3.60 0.86
BENEFITS FOR PEERS 38 1.50 5.00 3.41 1.00
ACCEPTANCE 37 1.00 5.00 3.12 1.31

Table 9: Results for VisST2.

For this visualisation the question was included, whether a similar variant showing the number of activities
visited would be helpful. The participants’ opinion on this visualisation variant on the number of activities
visited was not that obvious. Still, 17 out of 39 respondents (i.e. 37.8%) who answered this question, did find
such a visualisation helpful, while 10 respondents (22.2%) did not think so. 12 respondents (26.7%) did not
have an opinion.

A summary of the qualitative feedback gathered with the open question is presented in Table 10. The most
frequent answer (11 respondents) was that participants had the opinion that this visualisation provides useful
information concerning the relation to the maximum knowledge achievable and the learning progress and 4
respondents appreciated the simplicity and clarity of the visualisation. On the other hand, 7 respondents
indicated that the information is arranged and shown in a very complex way and is hard to interpret and
understand. Again the possible negative effect of self-worth due to the direct comparison to the class was
mentioned. Participants would like to improve the graphics and colour of the visualisation, by adding scaling
and explanations (2 each).
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FRE- FRE- FRE-
POSITIVE QUEN NEGATIVE SUGGESTIONS FOR
ASPECTS ASPECTS IMPROVEMENTS

CY QUENCY QUENCY

USEFUL 11 | COMPLEXITY, 7 IMPROVE GRAPHICS 2

INFORMATION — HARD TO AND COLOUR

RELATION TO INTERPRET/UNDER

MAX. STAND

KNOWLEDGE,

PROGRESS

SIMPLICITY, 4 | POSSIBLE NEG. 5 ADD SCALING 2

CLARITY EFFECT ON SELF-

WORTH

AWARENESS OF 2 | HORIZONTAL 4 EXPLANATIONS 2

GOALS MAY LINES HARD TO IMPORTANT

ENHANCE INTERPRET/UNDER

LEARNING STAND

DIFFERENTIATIO 2 | LACK OF DETAILS 1 INCLUDE 1

N, MORE LABELING/DESCRIPTI

DETAILS ON

LOT OF 1 | VALUE FOR 1 ONLY INDIVIDUAL 1

INFORMATION IN LEARNING LEARNING

A COMPACT QUESTIONABLE PERFORMANCE

REPRESENTATIO SHOULD BE VISIBLE

N FORN

OVERLAPPING 1
BARS

AXES NOT 1
LABELED —

UNCLEAR

Table 10: Qualitative feedback concerning VisST2.

Student visualisation 3 (VisST3)

1) VisST3

2) Variant of VisST3 (1)

(1

3) Variant of VisST3
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Figure 19: Student visualisation VisST3, the variant of VisST3 (I and I1)

The results for this visualisation show a different picture than those of the two previous visualisations. The
evaluation resulted in rather low to medium average scores on all aspects (see Table 11). The least
favourable results (i.e. lowest scores) related to self-descriptiveness with 2.06 (SD = 0.93) and user-
acceptance with 2.08 (SD = 1.06). The best result was reached on the subscale ‘benefits for peers’ with a
score of 3.06 (SD = 0.80).

SUBSCALES N MIN. MAX. MEAN SD
SUITABILITY FOR THE TASK 40 1.00 4.50 2.55 1.07
SELF-DESCRIPTIVENESS 40 1.00 4.00 2.06 0.93
USABILITY 40 1.00 4.00 2.30 0.95
METACOGNITION 40 1.50 5.00 2.84 0.80
COGNITIVE LOAD 40 1.00 4.00 2.24 0.78
LEARNING-EFFECTIVENESS 39 1.00 4.50 2.82 0.87
BENEFITS FOR PEERS 39 2.00 4.50 3.06 0.80
ACCEPTANCE 38 1.00 5.00 2.08 1.06

Table 11: Results for VisST3.

The visualisation variant of this mock-up representing the activities visited by a check mark (see 2 in Figure
19) would be preferred by the majority of the respondents (32 out of 43, i.e. 74.4%); only 5 respondents
(11.6%) had an opposite opinion. 4 people did not indicate a preference and 2 did not gave an answer at all.

A similar visualisation of the learning goals achieved by a learner (see 3 in Figure 19) was helpful for 15 out
of 43 persons (34.9%). 10 respondents (23.3%) disagreed. 10 people (32.56 %) did not indicate an opinion
(answer option ‘1 don't know’) and 4 abstained from answering to the question.

The results of the qualitative feedback are summarised in Table 12. Contrary to VisST1 and VisST2, many of
the participants for this third visualisation underline the complexity of this third visualisation due to too much
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information covered (17 respondents). In line with this, some of the respondents explicitly expressed the

wish for more simplicity (3 respondents).

FRE- FRE-
POSITIVE FRE- NEGATIVE SUGGESTIONS FOR
ASPECTS  QUENCY ASPECTS IMPROVEMENTS
QUENCY QUENCY
DEPICTING 2 COMPLEXITY, TOO 17 SIMPLIFY 3
INFORMATION MUCH
MORE INFORMATION
OBJECTIVY
MOTIVATING 1 NOT-SELF- 3 ADD 1
EFFECT DESCRIPTIVE TEXT/EXPLANATION
OVERVIEW 1 HORIZONTAL AND 2 DIFFERENT SYMBOL 1
ON A LOT OF VERTICAL BARS FOR VISUALISING
INFORMATION ARE CONFUSING VISITED ACTIVITIES
AT ONE TIME
NOT VISUALLY 2 USE DIFFERENT 1
APPEALING (BETTER
DISTINGUISHABLE)
COLOURS
NEGATIVE EFFECT 2
OF COMPARISON
TO OTHERS
COMPARISON TO 1 GENERAL REMARK:
OTHERS ON
ACTIVITY LEVEL
NOT NECESSARY THE OTHER
VISUALISATIONS
PROVIDE BETTER
INFORMATION/COMP
ARISON
USES VISUAL 1
GUITAR
METAPHOR BUT IS
NOT EXPLAINABLE
THIS WAY
ARROWS NOT 1
UNDERSTANDABLE

Table 12: Qualitative feedback concerning VisST3.

A statistical comparison between the student visualisations showed that for all aspects, both VisST1 and
VisST2 feature significantly better results than VisST3. Only for the subscale ‘benefit for peers’ no significant
differences could be identified.
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4.3.2 Results for Instructor Visualisations
Instructor Visualisation 1 (Visl1)

Visl1

Figure 20: Instructor visualisation VisI1.

This visualisation mock-up received medium to good results for all aspects (see Table 13). The lowest
average score was 2.86 (SD 0.80) for cognitive load. The best result was on the ‘benefit for instructors’
aspect with a mean score of 3.74 (SD = 0.93). This suggests that respondents think the visualisation is able
to allow instructors to adapt their teaching to their students.

SUBSCALES N MIN. MAX. MEAN SD
SUITABILITY FOR THE TASK 29 1.00 5.00 3.62 1.01
SELF-DESCRIPTIVENESS 29 1.00 5.00 3.48 1.18
USABILITY 29 1.25 5.00 3.55 1.02
METACOGNITION 29 2.00 5.00 3.50 0.79
COGNITIVE LOAD 29 1.00 4.00 2.86 0.80
BENEFITS FOR INSTRUCTORS 29 2.00 5.00 3.74 0.93
ACCEPTANCE 28 1.00 5.00 3.41 3.41

Table 13: Results for Visl1.

Regarding the qualitative feedback (see Table 14) most of the respondents think that this visualisation is
clear and useful (10 respondents), although 5 respondents also indicated that they find it too complex and
therefore difficult to understand. The use of the circle size to indicate the knowledge level was considered
problematic by 3 respondents. Suggestions for improving the visualisation mentioned were the improvement
of the general style of the visualisation, as well as the realization of additional explanations and more
simplicity (2 answers each).
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ERE. FRE-
POSITIVE FRE- ISSUES FOR
ASPECTS QUENCY = NEGATIVEASPECTS IMPROVEMENTS  oUENC
QUENCY v
CLEAR AND 10 TO COMPLEX, 5 IMPROVE STYLE 2
USEFUL DIFFICULT TO (WEB2.0, 3D-MODEL)
UNDERSTAND
LEARNING 2 CIRCLE DIMENSION 3 ADD 2
PROGRESS FOR DEPICTING EXPLANATION/TEXT
VISIBLE KNOWLEDGE LEVEL
NOT OPTIMAL
PREFERRED 2 NO EXPLANATION 2 MORE SIMPLICITY 2
OVER VISST2
AND VISST3
ADD AXES LABELS 1

Table 14: Qualitative feedback concerning Visl1.

Instructor visualisation 2 (Visl2)

1) Visl

2

2) Variant of VisI2

Figure 21: Instructor visualisation VisI2 and the possible variant.

Regarding the instructor visualisation Visl2 (see Figure 21) average scores from 2.57 (SD = 0.75) on the
‘cognitive load’ scale to 3.28 (SD = 0.82) on the ‘benefit for instructors’ scale indicate a medium to low quality
of the visualisation. The mean scores on all aspects are lower compared to the first instructor visualisation.
The best result was reached for ‘benefit for instruction’ (M = 3.28, SD = 0.82). The results on all subscales
can be found in Table 15.

SUBSCALES N MIN. MAX. MEAN SD
SUITABILITY FOR THE TASK 29 1.00 5.00 3.00 0.94
SELF-DESCRIPTIVENESS 29 1.00 5.00 2.66 1.22

Evaluation and refinement of interactive visualization of models and students data

Page 35 (84)



GROPPLE
D4.5c¢ - Evaluation and refinement of interactive visualization of models and students data (v1.0)

USABILITY 29 1.25 4.75 2.83 0.94
METACOGNITION 29 1.50 5.00 3.17 0.88
COGNITIVE LOAD 29 1.00 4.00 2.57 0.75
BENEFITS FOR INSTRUCTORS 29 1.50 5.00 3.28 0.82
ACCEPTANCE 28 1.00 5.00 2.46 1.29

Table 15: Results for Visl2.

34.4% of the participants (11 out of 32 who responded to the teacher visualisations) would find a similar
visualisation of the learning goals achieved (compare 2 in Figure 21) helpful. 25% (8 out of 32) disagree, and
21.9% (7 out of 26) did not indicate an opinion. Noticeable with this question is the low response rate — 42.2
% (19 out of 45) of the participants didn’t give any answer.

In the qualitative feedback quite many instructors (9 respondents) characterised this visualisation as too
complex. They would improve the style and make it more up to date and less technical and cold (4
respondents). Only two of the respondents explicitly stated that they find this visualisation useful. For more
detailed information see Table 16.

POSITIVE | FRE FRE- FRE-
ASPECTS | QUENCY | NEGATIVE ASPECTS IMPROVEMENTS

QUENCY QUENCY
USEFUL 2 TOO COMPLEX 9 IMPROVE STYLE 4

(MORE UP TO DATE,
LESS TECHNICAL

AND “COLD”)
NOT APPEALING 4 2-STEP-OVERVIEW 1
WITH POSSIBILITY TO
ZOOM IN
ARROWS NOT 1 SIMPLIFY 1
UNDERSTANDABLE
VISST1 AND VISST2 1

WOULD BE PREFERRED

NO 1
LEGEND/EXPLANATION

Table 16: Qualitative feedback concerning VisI2

A statistical comparison between the instructor visualisations showed that there is no significant difference in
any aspect between the two visualisations.
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4.4 Discussion on the evaluation of mock-ups

The evaluation results of the student visualisations indicate for both, VisST1 and VisST2, a medium to good
quality of visualisation in all aspects. The aspect of ‘usability’ with its two subscales ‘suitability for the task’
and ‘self-descriptiveness’ reached the highest values. This result suggests that these visualisations are
suitable for their intended purpose and also largely self-descriptive and understandable. Learners think that
this visualisation is suitable for getting an overview of their current status in the learning process. According
to the participants’ qualitative feedback the two visualisations are easy to understand and not unnecessarily
complex. Considering the third learner visualisation, VisST3, the results are significantly inferior to those of
the two other visualisations. The reason for this finding might be that this visualisation covers a lot of
information and isn't as simple as the other two visualisations. This fact led to the wish for more simplicity.
For the two learner visualisations VisST1 and VisST2, the results on visualisation benefits also indicated a
medium to good quality. Learners think that the visualisations are able to help learners to reflect on their own
learning progress and to accomplish their goals. On the other hand, the visualisations are also assumed to
help learners to better understand their learning through comparison with other learners. Some respondents,
however, indicated that the comparison to the class might be problematic and negatively affect self-worth
and collaboration. A few respondents hereby indicated that specifically for underachievers this kind of
comparison could be disadvantageous and a comparison with one’s own prior performance only would be
more desirable.

Of the instructor visualisations, Visll reached medium to good results in all aspects. Visl2 was inferior to
Visll in all aspects. While the most prominent qualitative feedback for Visl1 was that it is clear and useful, for
Visl2 it was especially emphasised that this visualisation is too complex. Nevertheless, concerning these
instructor visualisations respondents think, in spite of their complexity, that the visualisations are able to
allow instructors to adapt their teaching to their students by better understanding their students’ needs — both
visualisations had the best result on the according subscale.

The evaluation outcome for Visl2 and VisST3 were similar, both, which use a similar representation for either
an individual or a whole group of learners, evaluation outcomes were similar. Both of these visualisations —
which use matrix representation for depicting the activities visited and additional bar representations, —
received the least favourable results in their group. These visualisations are perceived as representing
possibly too much information at a time. The self-descriptiveness of these complex visualisations could be
improved by adding explanations or a legend to describe the individual parts of the visualisation (e.g. the
arrows in VisST3). Additionally, the graphical style should be improved by e.g. integrating different and better
distinguishable colours. This way not only the usability of such rather complex visualisations could be
enhanced, but also their acceptance. User acceptance ratings for the current version of Visl2 and VisSt3
were rather low, while acceptance scores for the other visualisations (i.e. Visl1, VisStl, and VisSt3) were of
medium to good quality. Both learners, students and instructors, would make use of these visualisations in
their work and they would also recommend to others to make use of them.

In general, the simpler visualisations were perceived as better (e.g. providing useful information and
overview, being clear and easy to understand), whilst the visualisations covering a lot of information were
deemed to be complex and covering too much information, leading to the wish for more simplicity. Both,
learners and instructors, expressed the wish to improve the design and scrutability of the visualisations (e.g.
integrating different and better distinguishable colours, or adding more explanations). Labelling or adding
legends to the visualisation would be useful to improve self descriptiveness. The score ranges on the
different subscales were quite large for all visualisations. For future evaluations it would be interesting to
gather information on different person variables that could be relevant (e.g. experience with visual tools,
learning style etc.) in order to analyse whether there are subgroups of users with opposing opinions.

The aim of this first evaluation of the visualisation mock ups was to gather initial information through
subjective assessment regarding usability aspects, visualisation quality, and users’ acceptance of the
visualisations. The evaluation results were used, among other things, for inspiring the further improvement of
the visualisation tools for their final implementation in order to ensure the benefit of their integration and use
in an adaptive learning environment. An additional evaluation should be carried out based on the actual
implementations of the visualisation tools and in the context of a course and learning experience. This would
also allow addressing additional aspects of the visualisations’ quality (actual learning performance,
metacognitive abilities by contrasting objective and subjective learning outcome and, actually perceived
cognitive load) to be addressed.
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5 Software implementation

The GVIS module is a three-tier software architecture that allows a great flexibility, customisation, and
independence of the source data that comes from other GRAPPLE components. It has been designed to
provide the following features:

Possibility to extract data from different data sources and with different methods (web service,
database queries, Semantic Web (SPARQL), and others.)

Possibility to change or extend the set of source data without the need to change the software code.

Possibility to define, alter, or extend the data aggregations without the need to rewrite (or change)
the software

Possibility to include adaptation on the graphical representations, by the inclusion of programmable
conditions in the configuration files.

This flexibility is achieved through a design that uses XML configuration files to encode all parameters for
data extraction, to define operations on data and data aggregations, and to specify adaptation rules on
graphical representations.

5.1 System Architecture

Figure 22: The architecture is composed of three layers: the extractor, the aggregator and the builder.

The architecture of the current implementation is shown in Figure 22. With respect to the previous version of
the software (described in the deliverable D4.5b), we added the possibility to filter the input data and reorder
data on visualisations.

5.1.1 Extractor

The extractor is in charge of retrieving source data from the data providers (CAM and GUMF). The extractor
has other sub-modules, one for each data provider, in charge of fetching data from a particular provider and
formatting it according to the internal format used.

The extractor loads its configurations from an XML file. In this file, the administrator of GVIS can define the
list of source data and where this data comes from (see section 2.1), the commands to retrieve this data (it
could be a SQL/SPARQL statement, a GRAPPLE statement, etc), and the datatype (numeric, string, list).
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5.1.2 Aggregator

The aggregator is in charge of applying operations to create aggregated information. Aggregations are
simple mathematical operations over the source data fetched by the extractor. Using aggregations we create
the information described in section 2.2 is created.

At the moment the following aggregating functions have been implemented:
1 count: counts the number of records in case of datatype list

2 average: calculates the average value of the arguments (in case of a list datatype). In case of more lists
as arguments, it calculates the average of the elements of each list followed by, and then the average of
these results.

3 sum: sum of values of elements in a list(s).

intersection: receives two lists as arguments and creates a new list that contains only the elements that
exist in both input lists.

union: merges two lists into a new list.

differ: receives two lists as an argument, and purges from the first list the elements that exist in the
second list.

7 each: receives a list as an argument and creates a new list by extracting new data from data providers,
using the values of the list as arguments for the new data extraction.

8 OrderByField: sort a list of records in descending order by a means of one of the fields.
9 ExtractCol : extract a single column from a list of records, returning a list.
10 ExtractRow: extract a single record from a list of records.

11 LimitByValue : shorten the list of records limiting it to entries that have the value of a field higher than a
threshold.

12 LimitByNumber : shorten the list of records limiting it to the first Number entities.

Aggregations are not limited to those listed is section 2.2: they can be extended with new data and
operations, based on the model that the teacher or instructional designer wants to provide to the learners.
The aggregator loads its configurations from an XML file. In this file the administrator of GVIS can define new
information data by the application of these aggregating functions on the source data. For instance, the
information “Number of concepts visited by a learner” can be derived from the aggregator by the application
of the count function on the list of concepts visited by the learner. Aggregations are described in details in
the column titled “Description of the aggregations” column of Table 3 and Table 4 in section 2.2.

Appendix H includes the XML configurations that define the data aggregations listed in section 2.2, by
applying the aggregating functions described above.

5.1.3 Builder

The builder is in charge of creating and customising the widgets for the dashboards. Both the dashboard
and widgets are implemented in Flash technologies. Widgets are located in the dashboard, which runs on
client computers and communicates data with the builder through JSON data interchange format.

The builder has a specific XML configuration file as well. In this file the GVIS administrator can decide how
specific data (derived by the aggregator or fetched by the extractor) is mapped onto a particular graphical
element of a widget. For instance, to defining to map students as bars in a bar chart and map the length of
the bars to the overall knowledge of the student.

5.2 Adaptive visual representation

All three layers that compose the core system of GVIS have specific XML configuration files. These files may
contain conditional parts, which allow the GVIS visualisation to have a different behaviour with different
source data values. This allows us to have visual representations adapted to the data that comes from the
different information providers (GALE, GUMF, CAM).
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For instance, a particular widget may show a comparison of the knowledge level of a learner with the class,
only if his current knowledge level is greater than 30%. Alternatively, we may want to show a particular
widget could only be shown to the instructor of the course, and not to the learners.

This is implemented by including conditional instructions in the XML configurations files of the extractor,
aggregator and builder. To this end the XML configuration files may contain variables, logical and
arithmetical operators. The following operators have been implemented:

== >(like &gt;) <(like &gt;) !=
AND, OR, XOR, NOT

An example:

<op> contains the expression to be evaluated
<operands> contains the definition of variables contained in the expression
<true> branch executed in case the value of the expression is true

<false> branch executed in case the value of the expression is false

$% %
%

%

5.3 Filters

The filters allow the restriction of the number of learners, concepts, activities and goals that have to be
displayed on the dashboard. This functionality was implemented to facilitate the usage of a dashboard by the
instructor. That is why it is displayed only to the instructor. The filter interface is composed of different tabs,
each related to a specific kind of data. In the current implementation, only the filtering on learner, concepts
and activities is available. Filtering on goals is currently not available yet. The user can select the subset of
data he is interested in. When s/he presses the “Update” button is pressed, all the widgets displayed on the
dashboard are redrawn considering the item included or excluded by the users. The two buttons for selecting
or unselecting all items will help with long lists.
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Figure 23: An example of the filter, with the user tab opened
5.4 Data reordering

Most of the implemented widgets allow the users to reorder the data in ascending or descending order. This
functionality is visible to the users with buttons located near the axis of the visualisations. Figure 24 presents
an example, where the reordering can be performed on three dimensions, each one of them indicated by the
encoding colour in the graph itself: the sets of arrows in the upper-right corner allow the reordering of the
columns to be reordered based on ascending or descending order of class, learner or expected value
respectively. Another example is displayed in Figure 25, which implements a matrix representation. The
buttons for reordering are located in the lower-left area of the widget, next to the column they influence. In
this case, the reordering is based on the value of the histograms located on the axis. These histograms
represent the average value in a column or row. It is important to notice that each reordering action will
impact only the widget on which it is performed.

Figure 24: The reordering facility for a column-based widget.
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Figure 25: The reordering facility for a matrix-based widget.
5.5 Integration of GVIS in Learning Management Syst ems.

The GVIS tool is developed as an autonomous piece of software, implemented in the PHP programming
language on the server-side for the application logic, with the inclusion of the embedded DBMS SQLite
(http://www.sqlite.org/) for buffering the data on the extractor layer. It has been developed and tested using
the Web server Apache 2.2 (http://httpd.apache.org/ but should work with all the version of the series 2.X)
and PHP5 as module of the web server. The visual parts of the tool were implemented in Flash technology,
they don’t need any additional software on the client-side as they run on any recent Flash-capable web
browser.

5.6 Integrating compact indicators in a course
The integration of GVIS in other web-based applications, in particular in a Learning Management System, is
possible through the inclusion of a URL in an HTML page that has three main tasks:
Provide all the required parameters to allow GVIS to retrieve the correct data from the source
Understand the current role of the user, to present the correct interface and functionalities
Instantiate the interface in a placeholder (such as an <iframe> or a <div>) for a seamless integration

The current link for inclusion looks as follows:
http://webserver.domain/GVIS dir/index.php?LID={$lid}&GID={$gid}&context={$context}

TheThe current link for inclusion is of the form:

http://webserver.domain/GVIS_dir/index.php?LID={$li d}&GID={$gid}&
context={$context}

where the three parameters are:

$LID represents the identifier of the course/container in the hosting application;
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$GID is the string identifier of the GALE course (the adaptive course included in the LMS) and can
be retrieved by inspecting of the XML representation of the CAM model on the editing GAT facility of
the GRAPPLE infrastructure;

$context, is the parameter associated with all the information sent by the LMS to the GUMF storage
facility.

Another parameter (the $user) is implicitly used by the tool to understand who the current user is: this is
possible by using the Shibboleth web single sign-on facility (http://shibboleth.internet2.edu/) that stores in a
session based variable (accessed through the PHP instruction $_SERVER]['cn’).

5.6.1 Integration on Moodle LMS

In this section we show how GVIS can be integrated in the LMS Moodle. The integration is obtained through
the creation of a new HTML block in Moodle. Inside the block there is an iframe whose source is a URL of
the form presented in the previous paragraph. The code looks like the following:

<iframe scrolling="no" frameborder="0"

src="http://grapple.usilu.net/GVIS/index.php?LID=2& GID=6A52C6D1
-B604-883B-9EFF-

DFDAD356106F&context=http://grapple.usilu.net/mood| el97">
</iframe>

The first taskduty of this script is to understand the role of the current user and to present the relevant
interface, like in Figure 26 for the learner and in Figure 27 for the teacher.

Figure 26: learner’s block in LMS for GVIS Figure 27: teacher’s block in LMS for GVIS

5.7 Integrating a link to the dashboard

As could be seen in the images in the previous paragraph, the integration of the compact interface for GVIS
in the LMS provides the user with a link for opening the dashboard. When the user clicks on the link, it opens
up a dashboard that contains the widgets of the detailed views. An example of the dashboard is represented
in Figure 28 for the learner. The widgets that are integrated in the dashboard in the current version of GVIS
are described in Section 6.
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Figure 28: GVIS dashboard for a learner

6 Visualisations

As with the mock-ups, the visualisation that has been implemented can be divided into 2 groups, according
to the type of information it provides:

Knowledge
Activities

The “goals” related visualisations were not implemented, since this information is not managed in the current
implementation of GRAPPLE.

The GVIS module supports two types of widgets: compact indicators , which are small widgets integrated
into the LMS course web interface, and widgets to be placed into a dashboard that opens a new window in

the user interface.

All the following visualisations were built taking into consideration the mock-ups described in section 3.
Please, refer to this section for a detailed description of the following pictures.

6.1 Knowledge — compact indicators

The following pictures present learner knowledge in two ways: a textual and a graphical form (both available
as compact indicators in the LMS interface):

Figure 29: The overall knowledge level in textual view
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Figure 30: The overall knowledge level in graphical view (learner version)

When the user clicks on the compact indicator, it opens up the GVIS dashboard on a new browser page. The
dashboard contains the detailed views described in the following sections.

6.2 Knowledge — learners’ detailed view

The widget illustrated in Figure 31 presents the learner’'s knowledge of concepts. It is the implementation of
mock-up illustrated in Figure 4.

Figure 31: Knowledge level for a learner and class and expected knowledge level in expanded form.
6.3 Knowledge — instructors’ detailed view

Figure 32 presents the learner’s knowledge widget to the instructor of the course.
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Figure 32: Knowledge level presentation to the instructor

6.4 Activities — learner’s detailed view

The learner, through the representation illustrated in Figure 33, can explore details about each single
resource. lItis a slightly modified implementation of the mock-up illustrated in Figure 10.

The colour used to fill the bullet represents the number of accesses to the resource: it ranges from a very
light colour to very dark, working on the luminance component of the YUV representation of the base colour
(in this case violet).

Figure 33: Analytic view of resource viewed by a learner

6.5 Activities — instructor’s detailed view

The instructor can see the activities accessed by learners with the widget depicted in Figure 34. It is the
implementation of the mock-up illustrated in Figure 7.
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Figure 34: Details of resource Resources visited by learners

7 Evaluation of learner visualisations

7.1 Introduction

The second evaluation stage of GVIS is the summative evaluation of the implemented visualisation in the
context of a real adaptive course. The GVIS was integrated in a LMS and an adaptive course was proposed
to the learners. The goal of this evaluation was to investigate an implemented visualisation in its intended
context of use, to confirm the initial results that have been obtained with the evaluation of the mock-ups (see
section 4), and to discover the perceived visualisation benefits of visualisations, usability and acceptance in
the context of a real adaptive course.

7.2 Method

7.2.1 Course

The summative evaluation of GVIS was conducted in the context of a real adaptive course on “Visual
perception” that took place at the University of Lugano in December 2010. This tutorial was proposed as an
optional activity of the course “Information Visualisation”, that is part of the Master on “Technologies for
Human Communication” at the Faculty of Communication Sciences of the University of Lugano. At this study
also a number of Ph.D. Students of the eLearning Laboratory of the University of Lugano participated.

The “Tutorial on visual perception” aimed to give to the learners a basic introduction of the basics of visual
perception and how their proprieties can be effectively used for the design of good user interfaces and
graphics. This adaptive tutorial was implemented with GALE, and integrated in a Moodle LMS. The domain
model of the course comprises 16 concepts. Each concept has a corresponding GALE page with text and
images. The CAM rule that has been used in this course was the “prerequisite” rule. No pre and post tests
on learning performance were prepared for this course, as the focus of this evaluation was to evaluate the
GVIS visualisations, not the GALE adaptive features.

7.2.2 Visualisations

The Moodle LMS that we used for this experiment has been integrated with GVIS. The GVIS provides the
following visualisations to the learners:

Compact indicator of the overall knowledge level (section 6.1, Figure 30)
Knowledge level for the learner, the class, and the expected knowledge level (section 6.2, Figure
31)
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Overview of the activities visited, (6.4 Figure 33).

7.2.3 Participants and procedure

For this study students of the Master on “Technologies for Human Communication” of the University of
Lugano and Ph.D. Students of the eLearning Laboratory have been involved. Participants were recruited on
a voluntary basis. In total 9 participants took part in the evaluation, 8 male and 1 female. They were on
average 34.7 years old (SD = 6.22), with a range between 25 and 43 years old.

Participants were asked to create a Shibboleth ID and to access the Moodle course where a link to the
GALE tutorial was placed. The Moodle course main page contains the widget in the form of a compact
indicator of the overall knowledge as a widget. Participants were suggested check this indicator and the
dashboard with detailed views at the end of the study of every main concept of the course (in total there
were 5 main concepts on the course). Figure 35 shows a screenshot of the main Moodle page of the course,
where the GVIS compact indicator is showing as a side bar on the right. The evaluation was held completely
online, and lasted one week (from 13 to 21 December, 2010).
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Figure 35: Moodle course on Visual perception. GVIS compact view on knowledge is located on a side block
on the right. The above text contains a typing error, it says ad the bottom of the pages instead of at.

At the end of the tutorial, participants were asked to complete a questionnaire (that it is reported in Appendix
G). The questionnaire used in the survey was based on the D8.2a Evaluation Guidelines with some small
adaptations and is similar to the one used for the evaluation of mock-ups. The questionnaire consisted of
three parts: the first part asking some demographic questions, the second part investigated the perceived
workload while working on the whole course and a third part investigated the learners’ opinion on GVIS. This
latter part of the questionnaire focused on the usability, visualisation benefits and acceptance of GVIS. This

Evaluation and refinement of interactive visualization of models and students data Page 48 (84)



GROPPLE
D4.5c¢ - Evaluation and refinement of interactive visualization of models and students data (v1.0)

guestionnaire is identical to the questionnaire used for the mock-up. Please refer to section 4.2.2.2 for a
detailed description of its questions, scales and principles.

The results are reported in the following sections.

7.2.4 Results
7.2.4.1 Workload perception

The second part of the questionnaire was intended to measure the perceived workload while learning and
working with the GRAPPLE system. This questionnaire was introduced to estimate the perceived cognitive
load and map this value to a number. It was assumed that the GRAPPLE visualisations may leverage a
cognitive load, this value can be an indicator whether cognitive load in a learning scenario with visualisation
is in general rather low or high, although there is no comparison to a condition without visualisation.

The possible score range for this part of the questionnaire is a continuum from 0 to 100, with lower values
indicating very low workload and higher values indicating very high workload (with the exception of the
guestion “How successful were you accomplishing what you were asked to do”, where low values indicates
‘perfect’, and higher values indicate ‘failure’). Based on the recorded answers, the overall workload score is
calculated by averaging the dimensions, with a workload range from 0 to 100, with higher values indicating a
higher workload.

N MIN. MAX. MEAN SD

Mental demand: How mentally 9 20 60 39.44 16.67
demanding was the task?
Physical demand: How physically 9 0 20 5.56 6.82
demanding was the task?
Temporal demand: How hurried 9 0 30 10.56 9.82
or rushed was the pace of the
task?
Performance: How successful 8 20 75 41.25 18.66
were you accomplishing what you
were asked to do?
Effort: How hard did you have to 8 35 50 44.38 6.78
work to accomplish your level of
performance?
Frustration: How insecure, 9 0 80 17.50 26.59
discouraged, irritated, stressed
and annoyed were you?

Average 26.45

Table 17: Overview of results on the workload perception questionnaire.

Table 17 presents the results for the different subscales and overall workload. Overall mean workload score
is 26.45, which can be considered a good result. This result indicates that participants perceived a low
workload during studying the course.

7.2.4.2 Evaluation of Learner Visualisations

For the scores calculated from the questionnaires the possible score range is for each subscale is 1-5,
wherewith higher values indicating a better result (note: this also holds for the subscale ‘cognitive load’).
Values above the average of the scale (3) are suggested as a good evaluation (with higher values indicating
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a better result) and values in the lower half of the scale are seen as an indicator for a low quality of the
visualisation.

SUBSCALES N MIN. MAX. MEAN SD
SUITABILITY FOR THE TASK 7 1.00 5.00 3.57 1.36
SELF-DESCRIPTIVENESS 7 1.00 "(( 2.43 1.26
METACOGNITION 7 1.00 5.00 3.50 1.13
COGNITIVE LOAD 7 1.00 5.00 3.07 1.01
LEARNING-EFFECTIVENESS 7 1.00 5.00 2.93 1.09
BENEFITS FOR PEERS 7 1.00 5.00 4.14 0.96
ACCEPTANCE 7 1.00 5.00 3.50 1.27

Table 18: Overview of results for the visualisation.

Table 18 presents the results on the different subscales of the questionnaire. As can be seen the best result
could be found on the subscale ‘benefits for peers’ (M = 4.14, SD = 0.96). This indicates that participants
consider the visualisation as helpful for supporting collaboration among peers. The results for the usability
aspect ‘suitability for the task’ also shows a good result (M = 3.57, SD = 1.36), arguing that the visualisation
is suitable for providing learners an overview of their status in the learning process. In contrast, the second
aspect of usability, ‘self-descriptiveness’, yielded the lowest average score (M = 2.43, SD = 1.26). This points
out that the visualisation is not understandable from scratch but requires some explanation. For
‘metacognition’ and ‘acceptance’ encouraging results could be found, too, with mean scores of 3.5. The
scores on ‘cognitive load’ and ‘learning effectiveness’ are slightly lower, but still assembled around the centre
point of the scale and thus, argue for a satisfactory quality of the visualisation. We have also collected the
answers to the open question “Could you please describe in more detail your opinion on this visualisation,
how to improve it?”. Results are reported in Table 19.

Table 19: Qualitative feedback concerning visualisations

Positive aspects Negative aspects

Quantitative information are well presented The interface is not intuitive and it is not clear what

concisely (an image can explain more than a lot of | you have to do

words);

The user can be able to understand current status I think the visualisation is a little cryptic... -

of knowledge immediately, so he can make Knowledge (text): what does "8 out of 8.6" mean? (I

decisions on how to continue quickly understand that it is, probably, a good result, but
what does 8.6 represent?) - Knowledge (graphical):
ok, it is clear that | have almost achieved my

Evaluation and refinement of interactive visualization of models and students data Page 50 (84)



GROPPLE
D4.5c¢ - Evaluation and refinement of interactive visualization of models and students data (v1.0)

7.2.5 Discussion on evaluation of learner visualisa tions

Overall, the evaluation results indicate an acceptable quality of the visualisation arguing for its potential to
support learners, especially with respect to collaboration and metacognition (reflection on learning
performance). Although the visualisation is deemed not highly self-descriptive, it is nevertheless perceived
suitable for its intended purpose. An aspect of improvement could therefore be the addition of further
explanation (e.g. mouseover) to the visualisation. The perceived workload during the learning task was
rather low; the perceived benefit of the visualisation on cognitive load was medium. In order to further
investigate the aspect of cognitive load further investigations using more comprehensive learning contents
and a comparative design (with one group of learners being presented with the visualisation and another
group having no visualisation available) would be desirable. The perceived benefit of the visualisation for
learning was also medium. In this case also a systematic comparison between a condition with visualisation
and a control group (without visualisation) and applying objective learning performance tests would be
needed to further analyse this aspect.

The outcomes of the evaluation of course are based only on a very small sample and therefore can only be
used as a case study to get a first idea of users’ subjective assessments of the visualisation quality. The
study should be complemented and confirmed by further evaluations with larger sample sizes. In addition, as
mentioned above, visualisations should be evaluated in the context of a larger course and longer learning
phases.

When comparing the results of this evaluation with those for the similar mock-up visualisation VisStl the
overall result is similar. It needs to be taken into account, however, that the sample sizes of the two
evaluations differ considerably. From Table 20 it can be seen that the results with respect to benefits for
peers as well as acceptance are better for the implemented visualisation. In particular with regards to ‘self
descriptiveness’ users’ subjective assessments for the mock-up were considerably better and also the
usability aspect ‘suitability for the task’ scored higher. The outcomes for metacognition and cognitive load are
similar for both.

EVALUATION OF EVALUATION OF
MOCK-UP IMPLEMENTED
VISUALISATION VISUALISATION
(N = 43) (N=7)

SUBSCALES MEAN SD MEAN SD
SUITABILITY FOR THE TASK 3.98 0.76 3.57 1.36
SELF-DESCRIPTIVENESS 4.14 1.04 2.43 1.26
METACOGNITION 3.62 0.69 3.50 1.13
COGNITIVE LOAD 2.95 0.73 3.07 1.01
LEARNING-EFFECTIVENESS 3.34 0.84 2.93 1.09
BENEFITS FOR PEERS 3.42 1.09 4.14 0.96
ACCEPTANCE 3.30 1.16 3.50 1.27

Table 20: Comparison of evaluation results for the implemented visualisation and the similar mock-up
(VisStl).
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The present evaluation of learner visualisation only focused on one particular type and variant of
visualisation. Further studies addressing and comparing different learner visualisations would be highly
interesting in order to identify which kind of visual feedback is most suitable and meaningful. This could even
include the consideration of different types of learners (e.g. in terms of grade, learning style) for examining
whether differences in most suitable and preferable visualisations can be identified for different subgroups.
Moreover, it is important to address also the visualisations for teachers in further evaluations.

Overall, both evaluations on GVIS that have been presented in this document provide encouraging results
and argue for the general potential of the visualisations to empower the learning and teaching process.
Nevertheless, the outcomes also suggest that there is still some room for further improvement. The use of
gualitative methods, like focus groups or think alouds in the future can serve the derivation of concrete
suggestions in what aspects and how the visualisations can be further improved even after the project
lifetime and thus, can contribute to further enhancing the applicability and significance of the visualisations
for educational practice.

8 Conclusion and future work

This document described the key elements of the GVIS module. GVIS is a multi-layer software architecture
that is able to provide adaptive visualisations in the form of compact indicators or a set of widgets located in
a user dashboard. It is flexible, as it allows the administrator to change or extend the source data of the
aggregating values without the need to change the software. It also allows to build adaptive visual
representations through conditional statements, although this feature was not required in the original plan for
the GRAPPLE project.

We conducted two evaluations of GVIS; a formative visualisation with mock-ups, and a summative one in the
context of a real adaptive course. Both the evaluation results of the learner visualisations indicate a medium
to good quality of visualisation in all aspects, and suggest that these visualisations are suitable for their
intended purpose (in particular, for getting an overview of the current status in learning process) and that
they have the potential to support users in the learning and teaching process.

Possible future work for improving the GVIS tool is adding the possibility to dynamically create new widgets
based on templates(in other words, to extend the ‘builder’ layer of GVIS for creating adaptive widgets based
on templates). Another possible future task could be the editor for the XML configuration files that would
allow administrators and instructors of the GVIS infrastructure to customise the visualisations and data
aggregations to their needs. From an evaluation perspective, a possible future work is the conduction of
comparative studies (i.e. with vs. without GVis) in order to further investigate the benefits of GVis further and
in more detail.

Evaluation and refinement of interactive visualization of models and students data Page 52 (84)



GROPPLE

D4.5c¢ - Evaluation and refinement of interactive visualization of models and students data (v1.0)

APPENDIX

NOTE:

Below is a list with the data collected and stored in the other GRAPPLE components. Data items with a grey
background will be extracted and used in GVIS.

A. List of data available from the current version

application)
PERSISTENT data means stored in the UM database

NON PERSISTENT data means reinitialiszed from the default value of the application every time

the course is loaded for the current user

of GALE (Milky Way

about the concept; this resource
is also used by the template file

Some concepts in our example
have some additional attributes,
but those are exceptions and
not much different from the
other concepts.

Name Datatype Persistent description Comment
visited integer Yes the number of times that the Could be exported
user visited a concept in GUMF
knowledge integer Yes indicates the knowledge that the | Could be exported
user is assumed to have about |in GUMF
a concept
Suitability boolean No indicates whether a conceptis  Could be exported
currently suitable for the user or in GUMF
not
Order No the order that the concept has | Not exported in
in the tree view on the left of the GUMF
window compared to its siblings
Resource text No a URL to the file that is used for Not exported in
generating the page; this file is | GUMF
a template for the page in our
example
Image text No a URL to an image of the Not exported in
concept; this resource is used |GUMF
by the template file that is
specified in the Resource
attribute
Info text No a URL to a file with information  Not exported in

GUMF
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B. List of data available from the Domain Model
Following information is taken from Deliverable D7.2b.

In GRAPPLE, the Domain Model structures elaborated in GAT are stored in the Domain Model repository in
IMS Vocabulary Definition Exchange (VDEX) format. The Domain Model encodes in IMS VDEX the data
stored in the domain map. The attributes that describe a Domain Map are the following:

Domain Map
Name: title of the Domain Map

CreationDate : creation date of the Domain Map
Author of the Domain Map

Shared/Local : this flag indicates if this Domain Map has been made available to all the authors in
the authoring community

Description : it describes the scope of the Domain Maps
Keywords : they are words used in a reference work to link to other Domain Maps

Identifier : it identifies the single Domain Map. The identifier is extremely important when the Domain
Map is shared among all the whole authoring community.

Concepts
o Name: title of the Concept
o Identifier : identifies the single concepts
o Description : describes the scope of the concepts
o Keywords : words used in a reference work to link to other concepts
0 Resources : contents linked to the single concepts
Name: name of single resource

Location : indicates the path where the resource is available. If the Domain Map is
available to the whole community, the resources are stored in a Content Repository

UsageType : any resource can be used in a different context such as introduction,
image, body text, conclusion, ..

LOM metadata : the standard LOM metadata used to manage resources
Relationships

o Name: name of the single relationship.

C. List of data available from the LMS

Following information is taken from Deliverable D7.2b.

LMSs generate user events that are relevant to GRAPPLE. These events are converted to the IMS LIP 1.0.1
format and stored in GUMF. A list of user parameters has been prepared for each event. The user
parameters are available to the GRAPPLE system only if they are made public.

1. Access to a course : identifies the moment the user accesses a course
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Tests/quizzes : the user has terminated a test
Registration : the user logs on for the first time in the LMS integrated with GRAPPLE
Student enrollment : the student is enrolled in a new course
User login : the user logs on to the LMS integrated with GRAPPLE
Role change : the user has changed his role
Learning activity change : a particular learning activity has been changed for a given user

Learning activity addition : a particular learning activity has been added for a given user

Ol = B = E E S

Learning activity removal : a particular learning activity has been removed for a given user.

10. Learning activity access: a user accessed a learning activity.

Details for parameters:

identifies the moment when the user access a course)

the user has terminated a test)

User id

the user logs on for the first time in the LMS integrated with

GRAPPLE) Password
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the learner is enrolled in a new course)

the user logs on to the LMS integrated with GRAPPLE)

the user has changed his role)

a particular learning activity has been changed for a given
user)

Last Name

First Name

Organisation

Email

Language

Gender

Date of birth

Street

Town

Postal code

Region

Country

IP address

Role

User id

Role

Course id

User id

Attended courses

IP address

User id

Role

User id

Course id

Learning activity
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User id
a particular learning activity has been added for a given

user)

Course id

Learning activity

User id
a particular learning activity has been removed for a given

user)

Course id

Learning activity

D. List of data available from CAM

Following information is taken form Deliverable D3.3b.

- The domainModels and crtModels in use,
- A number of crt tags, containing the instantiation of crts from the crtModel with actual concepts from the
domainModel.

The crt tag contains the following information:
A unique identifier the uuid

The shape and colour of the crt, for displaying the crt in the CAM tool, this is optional, defaults will be
used if the tags are omitted.

An optional position element. The position of a crt needs to be given if the crt is not binary (1 or >2
sockets). For binary crts the position is calculated, based on the position of the sockets.

A number ( 1) of camSockets.

The camSocket s contain the instantiation with the actual concepts , they contain the following information:
An optional caption, a name for the socket, for the authors’ assistance.
A unique identifier the uuid
A socketld, the unique id of the specific socket in the crtModel
A position, the position where the socket should be displayed in the CAM Tool.

An optional shape and colour, the shape and colour a CAM socket should have, a default will be
used if the tags are omitted.

A number of entity tags.

The entity contains the instantiation with the actual concepts, they contain the following information:
Zero or one dmlD, the ID of the concept in the domain model that is assigned to the entitylD, with
Zero or more labels for the resource of a concept and an optional location for a resource

The following items have not been implemented in the CAM tool yet:
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A number of relationshipType elements, where a requirement for a concept to be involved in a
certain relationship in the DM model can be expressed (e.g., the entity should have participated in an
IS-A relation)

The relative position in the socket instance, if it differs from the default.
The size of the entity in the socket, if it differs from the default.

The shape of the entity in the CAM instance, if it differs from the default.
The image of the entity in the CAM instance, if it differs from the default.

The colour of the entity in the CAM instance, if it differs from the default

NOTE: as a future development, from CAM will also be available:
Expected knowledge levels

List of goals

E. List of data available from GUMF

Data provided by GALE
Data provided by LMS

Inferred internal data

F. EVALUATION OF VISUALISATIONS (MOCKUPS)

Welcome to this online survey in the scope of the GRAPPLE project and thank you for taking the time to
provide us your feedback!

Please continue with 'Next'!
There are 20 questions in this survey

Demographic Questions (DQViz)

Please answer the questions below.
Your data and the information collected in this evaluation will be treated anonymously.

1 [DQVizl]Gender: *
Please choose only one of the following:
male
female
2 [DQViz2]Year of birth:
Please write your answer here:
3 [DQViz0]Members of which of the following institutions asked you to participate in this study: *
Please choose only one of the following:

Universita della Svizzera italiana (USI)
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Open Universiteit Nederland (OUNL)
Universitat Graz (UniGraz)
Other

Questionnaire for Evaluation of Visualisations (QEViz)

In the following you will find visualisation ideas that have been developed in the GRAPPLE project. The
visualisations depict information on the learning domain and student data in a virtual learning environment
and aim at supporting learners or, respectively, instructors. The main purpose of these visualisations is to
provide a quick and understandable overview on the current status of learning.

For each visualisation a short explanation on the depicted information is provided. You are kindly requested
to have a close look at each visualisation and to respond to the subsequent questions. The purpose of this is
to assess the quality and usefulness of the presented visualisations. By providing feedback you help us to
decide on which visualisations to use and how to further improve them.

4 [DQ5]Do you see yourself rather in the role of a learner or a instructor/teacher (or both)? *
Please choose only one of the following:

learner

instructor/teacher

both

Visualisations for students

In the following you will see visualisations that are intended to support learners in their learning process.
They shall provide the learner with an overview on what he/she has learned so far and where he/she stands
in relation to his/her peers.

Description: Overall knowledge acquired by the class (yellow bar), where the green bar represents the
learner's knowledge.

5 [Vis1]Please answer the questions by indicating the extent to which you agree or disagree with each of the
statements.

Only answer this question if the following conditions are met:
°Answer was 'both’ or 'learner' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)

Please choose the appropriate response for each item:

Strongly
disagree 2 3 4 Stronglg agree
1

| find this
visualisation suitable
for getting an
overview of the
current status in the
learning process.
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Strongly
disagree 2 3 4
1

Strongly agree
5

| think the
visualisation
provides irrelevant
information.

It is easy to
understand this
visualisation.

| find this
visualisation
unnecessarily

complex.

| think this
visualisation can
help learners to
reflect on their
learning.

| think this
visualisation will not
significantly promote
learners’
understanding and
awareness of their
learning progress.

| think this
visualisation is able
to leverage mental

workload.

| think interpreting
this visualisation
would put additional
cognitive effort on
the learner.

| think the use of this
visualisation will not
make a difference
for learning
performance.

I think this
visualisation can
help learners in
accomplishing their
goals.

| think this
visualisation would
make collaboration
among peers more
difficult.

| think this
visualisation can
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Strongly
disagree 2 3 4 Stronglsy agree
1

help learners to
better understand
their learning
through comparison
with other learners.

| would make use of
this visualisation for
my work.

| would recommend
others to make use
of this visualisation.

6 [Vis1l_Q]Could you please describe in more detail your opinion on this visualisation (positive/negative
aspects, how to improve it)?

Only answer this question if the following conditions are met:
°Answer was 'both’ or 'learner' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)

Please write your answer here:

7 [Vis1l_Act]Would you find a similar visualisation of the number of activities (i.e. learning objects) visited by a
learner helpful?

Only answer this question if the following conditions are met:
°Answer was 'learner’ or 'both' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)
Please choose only one of the following:
yes
no

| don't know

8 [Vis_num]Would you prefer a numerical representation (see below) over the graphic form above?

Only answer this question if the following conditions are met:
°Answer was 'learner’ or 'both' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)
Please choose only one of the following:
yes

no

| don't know
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Visualisations for students

Description: Knowledge level for a learner and class. Each vertical bar represents one concept of the
domain, the knowledge acquired by the student is encoded into the green bar, the knowledge acquired by
the class is the yellow bar. If the expected knowledge is available then it is represented with a horizontal line.
The dashed line represents the Max. knowledge level achievable.

Note: 'Domain’ refers to the subject matter or topic of a course and ‘concepts' refer to the subtopics or basic
notions of the course.

9 [Visl]Please answer the questions by indicating the extent to which you agree or disagree with each of the
statements.

Only answer this question if the following conditions are met:
°Answer was 'both’ or 'learner' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)

Please choose the appropriate response for each item:

Strongly
disagree 2 3 4
1

Strongly agree
5

| find this
visualisation suitable
for getting an
overview of the
current status in the
learning process.

| think the
visualisation
provides irrelevant
information.

It is easy to
understand this
visualisation.

| find this
visualisation
unnecessarily

complex.
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Strongly
disagree
1

Strongly agree
5

| think this
visualisation can
help learners to
reflect on their
learning.

| think this
visualisation will not
significantly promote
learners’
understanding and
awareness of their
learning progress.

| think this
visualisation is able
to leverage mental

workload.

| think interpreting
this visualisation
would put additional
cognitive effort on
the learner.

| think the use of this
visualisation will not
make a difference
for learning
performance.

| think this
visualisation can
help learners in
accomplishing their
goals.

| think this
visualisation would
make collaboration
among peers more
difficult.

| think this
visualisation can
help learners to
better understand
their learning
through comparison
with other learners.

I would make use of
this visualisation for
my work.

| would recommend
others to make use
of this visualisation.
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10 [Vis1_Q]Could you please describe in more detail your opinion on this visualisation (positive/negative
aspects, how to improve it)?

Only answer this question if the following conditions are met:
°Answer was 'learner’ or 'both' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)

Please write your answer here:

11 [Vis1_Act]Would you find a similar visualisation of the number of activities (i.e. learning objects) visited by
a learner helpful?

Only answer this question if the following conditions are met:
°Answer was 'learner’ or 'both' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)
Please choose only one of the following:
yes

no

| don't know

Visualisations for students

Description: Analytic view of resources viewed by a learner. The horizontal bar next to the activity name
represents (in red) the percentage of learners that have accessed that activity, the vertical bar represents
two types of information: in blue the percentage of the activities accessed by the learner, in green the
percentage of the activities accessed by the class. The learner can compare his/her status with that of the
class. The bullet indicates the fact that the current learner has visited the resource.

Note: 'Activities' refer to learning objects or resources in the learning system.
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12 [Vis1]Please answer the questions by indicating the extent to which you agree or disagree with each of

the statements.

Only answer this question if the following conditions are met:

°Answer was 'both’ or 'learner' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)

Please choose the appropriate response for each item:

Strongly
disagree
1

Strongly agree
5

| find this
visualisation suitable
for getting an
overview of the
current status in the
learning process.

| think the
visualisation
provides irrelevant
information.

It is easy to
understand this
visualisation.

| find this
visualisation
unnecessarily

complex.

| think this
visualisation can
help learners to
reflect on their
learning.

| think this
visualisation will not
significantly promote
learners’
understanding and
awareness of their
learning progress.

| think this
visualisation is able
to leverage mental

workload.

| think interpreting
this visualisation
would put additional
cognitive effort on
the learner.

| think the use of this
visualisation will not
make a difference
for learning
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Strongl
disagrge)é Strongly agree
1 5
performance.
| think this

visualisation can
help learners in
accomplishing their
goals.

| think this
visualisation would
make collaboration
among peers more
difficult.

| think this
visualisation can
help learners to
better understand
their learning
through comparison
with other learners.

| would make use of
this visualisation for
my work.

| would recommend
others to make use
of this visualisation.

13 [Vis1l_Q]Could you please describe in more detail your opinion on this visualisation (positive/negative
aspects, how to improve it)?

Only answer this question if the following conditions are met:

°Answer was 'learner’ or 'both' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)

Please write your answer here:

14 [Vis1_Act]Would you prefer the following visualisation over the above presented one?
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Only answer this question if the following conditions are met:
°Answer was 'learner’ or 'both' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)
Please choose only one of the following:

yes

no

| don't know
15 [Vis1_Act]Would you find a similar visualisation of the learning goals achieved by a learner helpful?
Only answer this question if the following conditions are met:
°Answer was 'learner’ or 'both' at question '4 [DQ 5]' (Do you see yourself rather in the role of a learner or a
instructor/teacher (or both)?)
Please choose only one of the following:

yes

no

| don't know

Visualisations for instructors

In the following you will see visualisations that are intended to support instructors in their teaching. They
shall provide the instructor with an overview on the learning status of a class or group of learners and of
individual learners.

Description: Knowledge level for the class. The visualisation is based on a matrix, where learners are
mapped into columns, and concepts into rows. The level of knowledge of a student in a concept is mapped
into the dimension (in particular, the radius) of each cell of the matrix. The colour of the cell represents
whether the student reached (in green) or not (in red) the target knowledge level.

Note: '‘Concepts' refer to the subtopics or basic notions of the course.
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16 [Vis1]Please answer the questions by indicating the extent to which you agree or disagree with each of

the statements.

Only answer this question if the following conditions are met:

°Answer was 'instructor/teacher' or 'both' at ques tion '4 [DQ5]' (Do you see yourself rather in the role of a

learner or a instructor/teacher (or both)?)

Please choose the appropriate response for each item:

Strongly
disagree
1

Strongly agree
5

| find this
visualisation suitable
for getting an
overview of the
current status in the
learning process.

| think the
visualisation
provides irrelevant
information.

It is easy to
understand this
visualisation.

| find this
visualisation
unnecessarily

complex.

| think this
visualisation can
help instructors to
reflect on their
teaching.

| think this
visualisation will not
significantly promote
instructors’
understanding and
awareness of the
teaching and
learning process.

| think this
visualisation is able
to leverage mental

workload.

| think interpreting
this visualisation
would put additional
cognitive effort on
the instructor.

I think this
visualisation would
help instructors in
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Strongly
disagree 2 3 4 Stronglsy agree
1

tailoring their
teaching to
individual learners.

| don’t think that this
visualisation can
help teachers in
better understanding
their students’
needs.

| would make use of
this visualisation for
my work.

| would recommend
others to make use
of this visualisation.

17 [Vis1_Q]Could you please describe in more detail your opinion on this visualisation (positive/negative
aspects, how to improve it)?

Only answer this question if the following conditions are met:
°Answer was 'instructor/teacher' or 'both' at ques tion '4 [DQ5]' (Do you see yourself rather in the role of a
learner or a instructor/teacher (or both)?)

Please write your answer here:

Visualisations for instructors

Description: Details of resources visited by students. A matrix, which represents the learners (or a selected
subset) in columns and the resources in rows: the filled circles indicate which resources a learner accessed.
The horizontal bars near the activity's name encode the percentage of students who accessed the activity,
while the vertical bars above the student name indicate the percentage of activities accessed by the student.

Note: 'Activities' refer to learning objects or resources in the learning system.
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18 [Vis1]Please answer the questions by indicating the extent to which you agree or disagree with each of

the statements.

Only answer this question if the following conditions are met:

°Answer was 'both’ or 'instructor/teacher' at ques tion '4 [DQ5]' (Do you see yourself rather in the role of a

learner or a instructor/teacher (or both)?)

Please choose the appropriate response for each item:

Strongly
disagree
1

Strongly agree
5

| find this
visualisation suitable
for getting an
overview of the
current status in the
learning process.

| think the
visualisation
provides irrelevant
information.

It is easy to
understand this
visualisation.

| find this
visualisation
unnecessarily

complex.

| think this
visualisation can
help instructors to
reflect on their
teaching.

| think this
visualisation will not
significantly promote
instructors’
understanding and
awareness of the
teaching and
learning process.

| think this
visualisation is able
to leverage mental

workload.

| think interpreting
this visualisation
would put additional
cognitive effort on
the instructor.

I think this
visualisation would
help instructors in
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Strongly
disagree 2 3 4 Stronglsy agree
1

tailoring their
teaching to
individual learners.

| don’t think that this
visualisation can
help teachers in
better understanding
their students’
needs.

| would make use of
this visualisation for
my work.

| would recommend
others to make use
of this visualisation.

19 [Vis1_Q]Could you please describe in more detail your opinion on this visualisation (positive/negative
aspects, how to improve it)?

Only answer this question if the following conditions are met:
°Answer was 'instructor/teacher' or 'both' at ques tion '4 [DQ5]' (Do you see yourself rather in the role of a
learner or a instructor/teacher (or both)?)

Please write your answer here:

20 [Vis1_Act]Would you find a similar visualisation of the learning goals achieved by learners helpful?

Only answer this question if the following conditions are met:
°Answer was 'both’ or 'instructor/teacher' at ques tion '4 [DQ5]' (Do you see yourself rather in the role of a
learner or a instructor/teacher (or both)?)

Please choose only one of the following:
yes
no
| don't know

Please submit by 2011-01-31

Submit your survey.
Thank you for completing this survey.

G. EVALUATION OF IMPLEMENTED VISUALISATIONS (SUMMAT IVE
EVALUATION)

We report here the questionnaire we used for the evaluation of the visualisation:
Demographic

1 Please, indicate your gender: *
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Please choosanly oneof the following:

2 Please, indicate your age: *

Female

Male

Please write your answer here:

3 How often do you use virtual learning envornments (VLE or LMS)? *

Please choosenly oneof the following:

Workload Perception

never
less frequently than once a week
several times a week

daily

4 About your experience while learning or working with an adaptive course in the GRAPPLE system... *

Please write your answer(s) here, indicating aeget between 0 and 100:

How mentally demanding was the task?

How physically demanding was the task?

How hurried or rushed was the pace of the task?

How successful were you accomplishing waht you were asked to do?

How hard did you have to work to accomplish your level of performance?

How insecure, discouraged, irritated, stressed and annoyed were you?

Usability

5 To what extent do you agree with the following comments (1=Strongly Disagree, 5=Strongly Agree): *

Please choose the appropriate response for each ite

1 - Strongly
Disagree

2

5 - Strongly
Agree

| find this visualisation

getting an overview on the current
status in the learning process.

suitable for

| think the visualisation provides
irrelevant information.

It is easy to understand this
visualisation

| find this visualisation
unnecessarily complex.

| think this visualisation can help
learners to reflect on their
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1 - Strongly
Disagree

5 - Strongly
Agree

learning.

I think this visualisation will not
significantly promote learners’
understanding and awareness of
their learning progress.

Impact

6 To what extent do you agree with the following comments (1=Strongly Disagree, 5=Strongly Agree): *

Please choose the appropriate response for each ite

Peers

1- 5-
Strongly 2 4 Strongly
Disagree Agree
| think this visualisation isa ble to leverage mental
workload.
| think interpreting this visualisation would put
additional cognitive effort on the learner.
| think the use of this visualisation will not make a
difference for learning performance.
I think this visualisation can help learners in
accomplishing their goals.
7 To what extent do you agree with the following comments (1=Strongly Disagree, 5=Strongly Agree): *
Please choose the appropriate response for each ite
1- 5-
Strongly 4 Strongly
Disagree Agree

| think this visualisation would make collaboration
among peers more difficult.

work.

I think this visualisation can help learners to bet ter
understand their learning through comparison with
other learners.
| would avoid making use of this visualisation for my

| would recommend others to make use of this
visualisation.

Addendum

8 Could you please describe in more detail your opinion on this visualisation (positive/negative aspects, how

to improve it)?

Please write your answer here (free text):
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H. GVIS configuration files

The GVIS tool is structured in three levels: extractor, aggregator and builder. In the current version of the
tool, only the extractor and the aggregator do have an XML configuration file. In the following paragraphs, we
illustrate the current extractor and aggregator XML configuration files.

Extractor XML configuration file

An extractor is composed of the following pieces: the source that is the root and in charge of identifying it

uniquely through a string that acts as name ( ); the first area is about the access to the data
source ( ): here the type of endpoint is indicated ( ), then the access point
( "HE $ $% &H&H' Do Y% * +,% +- ./ 0100"0RLI#0+"#- . ) and the lifetime of the buffered

information (%  # % ).
Other subsection could be present for certain type of source, like DB(  * Y% *
4456 Y% 77 44 77 44 7 7T %),
The second section (8% ) is about the list of variable that the extractor is sensible of, indicating if a filter
on the relative variable should be applied if present and, in the name property, on which source field ( %
# $* % % + $ %). Then the query is presented in the following section () ), that varies

quite a lot based on the kind of data source ( ): for a SPARQL endpoint that offer a REST interface

could be the name of the parameter ( ) ) and the actual value of the request ( ) 94:5; 4

< = $ %(?2$" W( <= $ %(?$' (% < = $ %(?$ %@ ** A,
B>B%C%D; %C%DB;>B, *DEF G,' 8 , $,' * ,$=A B, "%$ $% f %*D$ ,' 8 , $

=A '@B B, DHIJH DG%WC%$ ,' *, *K L<pM L5 6M B, D* B, *D77 ) );instead fora DB

a section for the SQL query is present ()% A: ; H ; H/ %*; %C% L N EF ,;05 ,;05

L5 6M ;:H ;1 )% ). As could be seen from the previous lines, the request, in both cases, need some

parameters, represented by the @ mark places and the ? character, respectively. Then the list of system

variable to be associated with the parameters is presented in the next section ( ) and the association

is performed through a positional matching ( $%$ ); then the kind of result returned through the

operation is presented ( % % * 9% )and, to close the section, the returned type is
explicated( % % % ).

This is the current XML configuration file for the extractor (extractorTool.xml)
<?xml version="1.0" encoding="UTF-8"?>

<extraction xmins="http://wmelab10.usilu.net/GVIS/e xtractor"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instanc e"
xsi:schemalocation="http://wmelab10.usilu.net/GVIS/ extractor

extraction_schema.xsd">
<l-- BUFFERISATION section -->

<source name="GUMF_REST_Kw_4_ DB">

<accessinfo>
<accesstype>REST_ GUMF</accesstype>
<accesspoint>http://pcwin530.win.tue.nl:8080/gra pple-

umf/rest/spargl/ds/1?client=1&amp;token=25722325647 702130&amp;</accesspoint>

<accessmode />
<accesssource />
<lifetime>0</lifetime>

</accessinfo>

<sensibility>
<filter name="0">user.id</filter>
<filter name="1">concept.uri</filter>

</sensibility>

<query>
<operation>
<function>query</function>
<request>
<I[CDATA[

PREFIX gc: <http://www.grapple-project.org/grapple- core/>
PREFIX ims: <http://www.grapple-project.org/ims-lip />
PREFIX ge: <http://www.grapple-project.org/grapple- extended/>
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SELECT ?user ?concept (MAX(?level) AS ?level) (MAX( ?created) AS ?created) WHERE
{

?s gc:subject ?user .

?s gc:predicate ?p . FILTER (?p = <http://gale.tu e.nl/predicate/knowledge>) .

?s gc:object ?concept . FILTER regex(str(?concept ), "@", "i") .

?s gc:level ?level .
?s gc:created ?created

}
GROUP BY ?user ?concept ORDER BY asc(?user) desc(?c reated)
1>
</request>
</operation>
<parameters>
<param>concept.gale.root</param>
</parameters>
<resulttype>listofrecords</resulttype>
</query>
<resulttype>listofrecords</resulttype>
</source>

<source name="GUMF_REST_ Stud 4 DB">

<accessinfo>
<accesstype>REST_ GUMF</accesstype>
<accesspoint>http://pcwin530.win.tue.nl:8080/gra pple-

umf/rest/spargl/ds/1?client=1&amp;token=25722325647 702130&amp;</accesspoint>

<accessmode />
<accesssource />
<lifetime>0</lifetime>

</accessinfo>

<sensibility>
<filter name="0">user.id</filter>

</sensibility>

<query>
<operation>

<function>query</function>

<request>
<I[CDATA][
PREFIX gc: <http://www.grapple-project.org/grapple- core/>
PREFIX ims: <http://www.grapple-project.org/ims-lip />
PREFIX ge: <http://www.grapple-project.org/grapple- extended/>
SELECT DISTINCT ?user WHERE {

?stmt gc:subject ?user .
?stmt gc:predicate ims:studentEnrollment .

?stmt gc:object ?course . FILTER(str(?course) =" @") .
?stmt gc:created ?date .
?stmt ge:context ?context . FILTER(?context = <@> )

}
ORDER BY desc(?date)
1>
</request>
</operation>
<parameters>
<param>course.lid</param>
<param>context.uri</param>
</parameters>
<resulttype>listofrecords</resulttype>
</query>
<resulttype>listofrecords</resulttype>
</source>

<source name="GUMF_REST Visit 4 DB">

<accessinfo>
<accesstype>REST_GUMF</accesstype>
<accesspoint>http://pcwin530.win.tue.nl:8080/gra pple-

umf/rest/spargl/ds/1?client=1&amp;token=25722325647 702130&amp;</accesspoint>

<accessmode />
<accesssource />
<lifetime>0</lifetime>

</accessinfo>

<sensibility>
<filter name="0">user.id</filter>
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<filter name="1">concept.uri</filter>
</sensibility>
<query>
<operation>
<function>query</function>
<request>
<I[CDATA][
PREFIX gc: <http://www.grapple-project.org/grapple- core/>
SELECT ?user ?concept (count(*) AS ?numberOfVisits ) WHERE {
?s gc:subject ?user .
?s gc:predicate <http://gale.tue.nl/predicate/visi ted> .
?s gc:object ?concept . FILTER regex(str(?concept) @t i) .
}GROUP BY ?user ?concept
11>
</request>
</operation>
<parameters>
<param>concept.gale.root</param>
</parameters>
<resulttype>listofrecords</resulttype>
</query>
<resulttype>listofrecords</resulttype>
</source>

<l-- extractor from local DB buffer -->

<source name="GUMF_DB_KnoLevel">
<accessinfo>
<accesstype>DB</accesstype>
<accesspoint>[[DB_mysgl_URL]]</accesspoint>
<accessmode>mysgl</accessmode>
<accesssource>[[DB_mysql_name]]</accesssource>
<username>[[username]]</username>
<password>[[password]]</password>
<lifetime>0</lifetime>
</accessinfo>
<sensibility>
<filter name="0">user.id</filter>
<filter name="1">concept.uri</filter>
</sensibility>
<query>
<sgl>
SELECT user AS user, concept AS concept, knowle dge AS
level
FROM Kw
WHERE course=? AND concept =? AND user=?
ORDER BY user ASC, concept ASC
</sql>
<parameters>
<param>course.gid</param>
<param>concept.uri</param>
<param>user.id</param>
</parameters>
<resulttype>listofrecords</resulttype>
</query>
<resulttype>listofrecords</resulttype>
</source>

<source name="GUMF_DB_KnoLevel_2">

<accessinfo>
<accesstype>DB</accesstype>
<accesspoint>[[DB_mysqgl_URL]]</accesspoint>
<accessmode>mysql</accessmode>
<accesssource>[[DB_mysqgl_name]]</accesssource>
<username>[[username]]</username>
<password>[[password]]</password>
<lifetime>0</lifetime>

</accessinfo>

<sensibility>
<filter name="0">user.id</filter>
<filter name="1">concept.uri</filter>
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</sensibility>
<query>
<sgl>
SELECT user AS user, concept AS concept, knowle
level
FROM Kw
WHERE course=? AND user=?
ORDER BY user ASC, concept ASC
</sql>
<parameters>
<param>course.gid</param>
<param>user.id</param>
</parameters>
<resulttype>listofrecords</resulttype>
</query>
<resulttype>listofrecords</resulttype>
</source>

<source name="GUMF_DB_StuList_2">

<accessinfo>
<accesstype>DB</accesstype>
<accesspoint>[[DB_mysgl_URL]]</accesspoint>
<accessmode>mysql</accessmode>
<accesssource>[[DB_mysqgl_name]]</accesssource>
<username>[[username]]</username>
<password>[[password]]</password>
<lifetime>0</lifetime>

</accessinfo>

<sensibility>
<filter name="0">user.id</filter>

</sensibility>

<query>
<sgl>

SELECT user AS user

FROM Stud

WHERE course=?

ORDER BY user ASC
</sql>
<parameters>

<param>course.gid</param>

</parameters>
<resulttype>listofrecords</resulttype>

</query>

<resulttype>list</resulttype>

</source>

<source name="GUMF_DB_ConVis">
<accessinfo>
<accesstype>DB</accesstype>
<accesspoint>[[DB_mysqgl_URL]]</accesspoint>
<accessmode>mysql</accessmode>
<accesssource>[[DB_mysqgl_name]]</accesssource>
<username>[[username]]</username>
<password>[[password]]</password>
<lifetime>0</lifetime>
</accessinfo>
<sensibility>
<filter name="0">user.id</filter>
</sensibility>
<query>
<sgl>
SELECT user, concept, number
FROM Visit
WHERE user=?
ORDER BY concept ASC
</sql>
<parameters>
<param>user.id</param>
</parameters>
<resulttype>listofrecords</resulttype>
</query>
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<resulttype>listofrecords</resulttype>
</source>

</extraction>

Aggregator XML configuration file

An aggregator is composed of the following pieces: the source that is the root and in charge of identifying it
uniquely through a string that acts as name ( N % 0 );the first area is about the usage of extractors

already defineded ( @  ): the list is presented in a positional order ( @ 56 A0 @ 9@ @#( @
* 56N AC%0 @ 9Y(@@+( @ @ + (W *@o( @ @ Oowwe *@e"( @

@ # @ 9@ *P3(
The second section ( ) is about the operations that should be applied to the data. Each elementary
operation is represented by a step ( ), taht could depend and reuse data produced by previous
operations; the first subfield is the operation to perform ( ) and the parameters used
positionally by the operation indicated ( # $* + ), then the output type is
presented ( % % * 9% ). The parameters could reuse data from previous step ( o #
) or could rely on another aggregator, whose name is inserted inthefield( @ % N @ *,AAQ ).
After the las operation, to close the section, the returned type is presented( % % % ).

This is the current XML configuration file for the extractor (aggregationTool.xml)
<?xml version="1.0" encoding="UTF-8"?>

<aggregation xmins:xsi="http://www.w3.0rg/2001/XMLS chema-instance"
xmins="http://wmelab10.usilu.net/GVIS/conditional _ aggregator”

xmins:c="http://wmelab10.usilu.net/GVIS/conditional "
xsi:schemalLocation="http://wmelab10.usilu.net/GVIS /conditional_aggregator

conditional_aggregator_schema.xsd ">

<!-- GRAPPLE specific extractor -->
<source name="KnowExpected_ALL_2">

<extraction>
<toextract>GAT_ExpLevel</toextract><!-- ext inde X0 -->
<toextract fix="true">0</toextract><!-- ext inde x1-->
</extraction>

<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractNameConcept</operation>
<parameters>
<param>0</param>
<param>1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

</computation>
<resulttype>listofrecords</resulttype>
</source>
<source name="KnowExpected ALLAggr_2">
<extraction>
<toextract fix="true">1</toextract><!-- ext inde x 0 -->
</extraction>
<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractCol</operation>
<parameters>
<param external="true">KnowExpected ALL_2</par am>
<param>0</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>
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<tocompute><!-- comp index 1 -->
<operation>Average</operation>
<parameters>
<param computed="true">0</param>
</parameters>
<resulttype>numeric</resulttype>
</tocompute>

</computation>
<resulttype>numeric</resulttype>
</source>

<source name="KnowStud_2 OR">

<extraction>
<toextract>GAT _ConList</toextract><!-- ext index
<toextract fix="true">1</toextract><!-- ext inde
<toextract fix="true">0</toextract><!-- ext inde
<toextract defer="true">GUMF_DB_KnoLevel</toextr

index 3 -->

<toextract fix="true">1</toextract><!-- ext inde

</extraction>

<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractCol</operation>
<parameters>
<param>0</param>
<param>1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>Compress</operation>
<parameters>
<param computed="true">0</param>
<param>2</param>
</parameters>
<resulttype>list</resulttype>
</tocompute>

<tocompute><!-- comp index 2 -->
<operation>each</operation>
<parameters>
<param computed="true">1</param>
<param on="concept.uri">3</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 3 -->
<operation>ExtractNameConcept</operation>
<parameters>
<param computed="true">2</param>
<param>4</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

</computation>
<resulttype>listofrecords</resulttype>
</source>

<source name="KnowStud_2">
<extraction>
<toextract>GUMF_DB_KnolLevel_2</toextract><!-- ex
<toextract fix="true">1</toextract><!-- ext inde
</extraction>
<computation>
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<tocompute><!-- comp index 0 -->
<operation>ExtractNameConcept</operation>
<parameters>
<param>0</param>
<param>1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

</computation>
<resulttype>listofrecords</resulttype>
</source>

<source name="KnowStudAggr_2 OR">
<extraction>

<toextract fix="true">1</toextract><!-- ext inde X0 -->
<toextract fix="true">1</toextract><!-- ext inde x1-->
</extraction>

<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractCol</operation>
<parameters>
<param external="true">KnowStud_2</param>
<param>0</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>Compress</operation>
<parameters>
<param computed="true">0</param>
<param>1</param>
</parameters>
<resulttype>list</resulttype>
</tocompute>

<tocompute><!-- comp index 2 -->
<operation>Average</operation>
<parameters>
<param computed="true">1</param>
</parameters>
<resulttype>numeric</resulttype>
</tocompute>

</computation>
<resulttype>numeric</resulttype>
</source>

<source name="KnowStudAggr_2">
<extraction>

<toextract>GUMF_DB_KnoLevel 2</toextract><!-- ex tindex 0 -->
<toextract fix="true">2</toextract><!-- ext inde x1-->
</extraction>

<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractCol</operation>
<parameters>
<param>0</param>
<param>1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>Average</operation>
<parameters>
<param computed="true">0</param>
</parameters>
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<resulttype>numeric</resulttype>
</tocompute>

</computation>
<resulttype>numeric</resulttype>
</source>

<source name="KnowClass 2 OR">
<extraction>
<toextract>GUMF_DB_StulList_2</toextract><!-- ext
<toextract fix="true">1</toextract><!-- ext inde
<toextract fix="true">2</toextract><!-- ext inde
</extraction>
<computation>

<tocompute><!-- comp index 0 -->
<operation>each</operation>
<parameters>
<param>0</param>
<param external="true"
on="user.id">KnowStud_2</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>AvgComplex</operation>
<parameters>
<param computed="true">0</param>
<param>1</param>
<param>2</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

</computation>
<resulttype>listofrecords</resulttype>
</source>

<source name="KnowClass_2">

<extraction>
<toextract>GUMF_DB_StulList_2</toextract><!-- ext
<toextract defer="true">GUMF_DB_KnoLevel_2</toex

extindex 1 -->

<toextract fix="true">1</toextract><!-- ext inde
<toextract fix="true">2</toextract><!-- ext inde
<toextract fix="true">0</toextract><!-- ext inde

</extraction>

<computation>

<tocompute><!-- comp index 0 -->
<operation>each</operation>
<parameters>
<param>0</param>
<param on="user.id">1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>AvgComplex</operation>
<parameters>
<param computed="true">0</param>
<param>2</param>
<param>3</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 2 -->
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<operation>ExtractNameConcept</operation>
<parameters>
<param computed="true">1</param>
<param>4</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

</computation>
<resulttype>listofrecords</resulttype>
</source>

<source name="KnowClassAggr_2">
<extraction>
<toextract fix="true">1</toextract><!-- ext inde X0 -->
</extraction>
<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractCol</operation>
<parameters>
<param external="true">KnowClass_2</param>
<param>0</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>Average</operation>
<parameters>
<param computed="true">0</param>
</parameters>
<resulttype>numeric</resulttype>
</tocompute>

</computation>
<resulttype>numeric</resulttype>
</source>

<source name="ActStud_2">

<extraction>
<toextract>GUMF_DB_ConVis</toextract><!-- ext in dex 0 -->
<toextract fix="true">1</toextract><!-- ext inde x1-->
<toextract fix="true">3</toextract><!-- ext inde X2-->
</extraction>

<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractNameConcept</operation>
<parameters>
<param>0</param>
<param>1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

</computation>
<resulttype>listofrecords</resulttype>
</source>

<source name="ActStudAggr_2">

<extraction>
<toextract>GUMF_DB_ConVis</toextract><!-- ext in dex 0 -->
<toextract fix="true">2</toextract><!-- ext inde x1-->
<toextract fix="true">0</toextract><!-- ext inde X2-->
</extraction>

<computation>
<tocompute><!-- comp index 0 -->

<operation>ExtractCol</operation>
<parameters>
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<param>0</param>
<param>1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>Compress</operation>
<parameters>
<param computed="true">0</param>
<param>2</param>
</parameters>
<resulttype>list</resulttype>
</tocompute>

<tocompute><!-- comp index 2 -->
<operation>Average</operation>
<parameters>
<param computed="true">1</param>
</parameters>
<resulttype>numeric</resulttype>
</tocompute>

</computation>
<resulttype>numeric</resulttype>
</source>

<source name="ActClass_2">

<extraction>
<toextract>GUMF_DB_StulList_2</toextract><!-- ext
<toextract defer="true">GUMF_DB_ConVis</toextrac

index 1 -->

<toextract fix="true">1</toextract><!-- ext inde
<toextract fix="true">2</toextract><!-- ext inde
<toextract fix="true">0</toextract><!-- ext inde
<toextract fix="true">2</toextract><!-- ext inde

</extraction>

<computation>

<tocompute><!-- comp index 0 -->
<operation>each</operation>
<parameters>
<param>0</param>
<param on="user.id">1</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 -->
<operation>AvgComplex</operation>
<parameters>
<param computed="true">0</param>
<param>2</param>
<param>3</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 2 -->
<operation>ExtractNameConcept</operation>
<parameters>
<param computed="true">1</param>
<param>4</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 3 -->
<operation>ExtractNameConcept</operation>
<parameters>
<param computed="true">2</param>
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<param>5</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

</computation>
<resulttype>listofrecords</resulttype>
</source>

<source name="ActClassAggr_2">
<extraction>
<toextract fix="true">1</toextract><!-- ext inde
<toextract fix="true">0</toextract><!-- ext inde
</extraction>
<computation>

<tocompute><!-- comp index 0 -->
<operation>ExtractCol</operation>
<parameters>

<param external="true">ActClass_2</param>

<param>0</param>
</parameters>
<resulttype>listofrecords</resulttype>
</tocompute>

<tocompute><!-- comp index 1 --> _
<operation>Compress</operation>
<parameters>

<param computed="true">0</param>

<param>1</param>
</parameters>
<resulttype>list</resulttype>
</tocompute>

<tocompute><!-- comp index 2 -->
<operation>Average</operation>
<parameters>

<param computed="true">1</param>

</parameters>
<resulttype>numeric</resulttype>
</tocompute>

</computation>
<resulttype>numeric</resulttype>
</source>

</aggregation>
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