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ABSTRACT
The complexity of the teaching process at universities creates
many challenges. It becomes much harder for teachers to
observe, control and adjust the learning process. Teaching
process can be enhanced with use of different educational
systems that not only help students construct their
knowledge, but also make this process the most effective and
efficient. One of the processes that could be automated and
supported is the assessment of students’ assignments. Three
e-learning systems are currently used at different universities
for teaching software design basics. The goal of this paper is to
propose new integrated tool that can be used in university
courses to support different stages of learning and evaluation
of students’ assignments. Such integrated system will be used
to simplify the correction process of software design
assignments.
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1 INTRODUCTION
Among the multiple concerns and goals of technologyenhanced learning (TEL), many are oriented to make teaching
processes more efficient. Improvement of learning processes
at universities around the world can be enhanced by different
tools and learning environments. To achieve this, systems
need to collect data about students, automate their
assessment and provide actionable feedback on their progress
and performance. Furthermore, even if the analysis of the
students’ data generates useful insights, those insights need to
be properly interpreted [24] and presented to students, as
well as used for further improvement of course design and
teaching practices.
In previous years and as a part of the different projects,
several WEB-based tools have been developed and used in
different university courses at different universities. These
tools have been used to support teachers in lecturing
computer science university courses, especially in the area of
software design and development:
•
ProTuS - personalized tutoring system [10,15].
•
WebUML - simplistic online UML editor.
•
OctoUML – Software design environment [12].
The focus of this study is to investigate possibilities for
integration of the existing systems and creating an online
educational ecosystem for teaching and automated
assessment of students in software design courses. In order
teachers to use these tools in their lecturing processes, the
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tools need to be integrated in efficient and practical way;
therefore, the integration process of these systems is shifting
from a research problem into an important practical task [29].
Currently, ProTuS offers programming courses with
several personalization features. It automatically grades
learners' programming assignments and recommends coding
exercises that match their current knowledge. As part of the
integration process, presented in this paper, ProTuS will offer
software design courses where the evaluation process of
student’s assignments will be automated. This way students
can develop self-directed learning (SDL) skills while engaged
with content and resources in ProTuS to correctly represent
the system requirements in UML model.
Several studies were performed to determine the
feasibility for development of such personalized ecosystem
and the potential benefits it could emerge [11,12]. Moreover,
teachers and instructional designers from different
universities used these tools separately and provided
feedback on the developed features. The idea for integrating
different tools is part of the effort to expand existing learning
platform by automated and semi-automated review of
student’s assignments.
In the next section, we provided a brief literature review
on the area of automated assessment in e-learning. The
learning processes necessary for implementation of
automated assessment will be presented in section three.
After that, we will present the existing tools and the details
about the architecture that will be used to integrate these
tools into unique educational ecosystem for automatic and
manual student assessment. Conclusions and the future
directions of research will be presented in the final section.

2 RELATED WORK
The distributed and flexible nature of the learning process
creates new challenges. It becomes much harder for teachers
to observe, control and adjust the learning process [38].
Educational systems should not only support transfer of
knowledge to students, but should make this process effective
and efficient [20]. In the academic context, e-learning tools
should provide not only basic learning functionalities for
which the tools have been designed (e.g. presentation of
learning material) but also additional functionalities related to
other academic goals, such as continuous assessment, tracking
student work, personalization, etc. [28].
Software design is a complex process and different
modelling web tools have been proposed for creating software
models [28]. Most of these tools have been designed with
advanced users in mind and with many options that won’t be
used by novices and less experienced students during their
learning process. The design tools intended for software
design courses should offer some specific functionalities, such
as automatic correction of the assignments and feedback
about detected errors [28].
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Several researches presented overviews of the recent
trends in automatic assessment tools [9,30] and demonstrated
or proposed methods to automatic assessment of
programming students’ assignments [1,17,22,23,25–27,35,39]
and assessment of software design diagrams [2,4,5,7,28,34].
These web tools present problems, grade student’s
assignments, and provide corrective feedback. However, in
the case of a software design course, they mainly focus on
class diagrams [2,6,28,33] since the evaluation process can be
easily automated due to the simplicity of its representations
within the files. Rare examples incorporate automatic
assessment of other UML diagrams such as: use cases [6,7],
sequence [7], activity diagrams [34], or deployment diagrams
[7]. None of the previous systems offer a complete support for
UML assignments. The first prototype of the integrated
environment presented in this paper includes evaluation of
Class and Activity diagrams. The environment will be later
extended with a support for the remaining types (primarily
use-cases, sequence, state, component, and deployment
diagrams).
Nonetheless, the previously presented approaches do not
consider the personal specificities of students to carry out a
truly adaptive teaching–learning process, nor compliment
with specific learning objectives for individuals [3]. Thus, the
presented tools are limited only to certain domains, and it
would be difficult to adapt them for student’s assessment in
different domains.

2.1 Personalized learning
For personalizing e-learning, several different strategies and
characteristics can be used and considered by teachers and
course designers [3,8,18,21]. The decision which
personalization strategy to use depends on many factors,
varying from the learning goals to the topics being thought. In
any case, personalized learning requires personalized and
automated assessment, and it is the responsibility of teachers
and institutions to develop flexible courses [40]. The
integration of several e-learning tools proposed in this paper
aims to make assessment practices more flexible and
personalized.
The goal of our research is to develop an intelligent
personalized web-based learning ecosystem that will consider
the learning objectives and the personal profiles of students,
to offer tutorials and evaluation of assignments that fit user’s
requirements. The system will offer personalized courses with
learning analytics reports for both, students and teachers.
Students will be more involved in decision-making about the
learning process, and will have flexibility while working on
their assessments [40].
The presented integrated learning environment is a
versatile tool that offers more content interactivity and
automatic assessment of different types of students’
assignments. The environment incorporates the features for
handling the assessment differently depending on the course
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goals. Learners attending programming course will benefit
from the customized Junit tests, while software design
students will be automatically evaluated based on the parsing
of XML submission files.

3

LEARNING PROCESS

The proposed integrated system should offer online courses,
propose exercises based on the level of knowledge of learners,
and provide appropriate feedback. In addition, the system
should automatically correct student’s assignments, and as
such automate the teaching process. In order to provide these
features, the learning process in the integrated environment
should include the following phases:
•
Students take online tutorials supported by video
material within the learning environment.
•
The system presents a domain description that
needs to be modelled.
•
The students submit solutions via modelling
environment.
•
The system evaluates the submitted XMI (XML
Metadata Interchange) solution and provides
automated assessment.
•
Teachers can overview the submitted solution,
generate feedback, and provide additional
comments.
•
The actions of all users are monitored and recorded.
•
The system generates reports and visualize the
results of the learning process and students’
evaluation.
The first milestone of our research is to provide efficient
ways to evaluate UML diagrams submitted by students. Thus,
students can get feedback for their assignments in two steps:
•
Automatic assessment. In this step, the list of
comments on the students’ diagram in a text format
is automatically generated. This guidance will be
used by students to reflect on their assignments and
possibly modify the submitted diagrams if they
contain any errors. The system can produce grades
that could be used by students to evaluate their level
of understanding in designing system requirements
using UML diagrams. As there exist many different
solutions to a specific problem, the feedback is
presented to the student only as guidance.
•

Feedback provided by teachers. By reviewing
automatically generated feedback given by this
system, teachers should be able to provide additional
comments and corrections.

This double assessment process can provide students with
useful feedback based on which they can correct their
submission and learn from their mistakes. Besides that,
students can submit their answers for multiple assessments
and receive immediate feedback on the answers.
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4 SOFTWARE REQUIREMENTS FOR INTEGRATED
ENVIRONMENT
The goal of the integrated system is to help students to
comprehend design modelling and learn how to represent the
elements of a software system using Unified Modeling
Language (UML). It should support teachers to track and
analyze learning progress of students in real-time, during the
online learning sessions. The idea is to expand existing
learning platform by automated and semi-automated review
of student’s assignments.
We created a preliminary list of functionalities that could be
supported with the proposed integration:
•
overview, access and browsing of teaching material;
•
online UML editor for entering the solution
(graphical interface that allows drawing UML class
diagrams);
•
automatic assigning of exercises to students;
•
save and load options;
•
submission of solutions to teachers;
•
automatic correction of exercises solved by the
students;
•
immediate feedback and reports about errors for
each students’ solution;
•
interface for teachers to perform the online
correction of assignments;
•
history of students’ trial and errors, and tracking of
student progress (monitoring and recording of
students’ actions);
•
communication channel between students and
teachers.

Figure 1. ProTuS – Programming tutoring system
As some of these features are already provided by the
existing tools, our task is to develop new features. Additional
modules that need to be developed are:
•
correction module that will grade the assignments,
•
analytics module for the collection of student’s data,
and
•
communication channel between the system’s
components.
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Details about these modules will be given in the following
sections.

4.1 ProTuS1
ProTuS is a tutoring system designed to provide learners with
personalized courses from various domains [16]. It is a webbased interactive system that allows learners to use teaching
content prepared for different courses and examine their
acquired knowledge (Figure 1) [13,36].
ProTuS has been built upon architecture that integrates
and interconnects cross-platform analytics capabilities. The
system automatically evaluates coding exercises based on
Junit tests and Elo-rating algorithm, and generates
personalized recommendations of educational content in
alignment with the collected students’ data [16].

Figure 2. User interface of WebUML

4.2 WebUML
WebUML is a simplistic online UML editor which has been
designed and implemented for a minimum subset of the
unified modelling language - UML [31]. The goal of the tool is
to provide a possibility to embed it in different online
education software environments, such as serious games or
gamified courses. WebUML was designed to address a large
number of students, independent of location or time (Figure
2).
Currently, WebUML targets only UML class diagrams
equipped with the most used relationships, attributes,
operations, labelling, and multiplicity elements. The editor
supports import and export of XMI and creation of .png files.
In addition, it is also capable of logging students’ activities,
such as creating elements, movements, deletion etc. [32].
Together with the LogViz component (visual log analyzer),
it is possible to visualize WebUML’s logs. As presented in [31],
by visualizing the students’ activities, it is possible to identify
typical strategies students use to make class designs. LogViz is
capable of displaying the designers' activities in WebUML over
time and auto-classify the log files by the students' design
strategies [32].

4.3

OctoUML

OctoUML, is a software design environment that supports
collaborative software design and enables different input
methods for creation of software models at various levels of
formality [37]. It provides means to allow the creation of both,
sketchy hand-drawn elements and formal notations
simultaneously, using different input devices ranging from
desktop computers, over touch screens, to large electronic
whiteboards. Moreover, it is equipped with tools for multitouch and sketch recognition that allows the transformation of
sketchy designs into formal notations (Figure 3).

1

protus.idi.ntnu.no

Figure 3. OctoUML – Software design environment

5. ARCHITECTURE
The following section describes the design and
implementation of integrated learning environment into
unique ecosystem. The proposed architecture integrates
previously presented tools and creates an adequate
infrastructure for communication between them. Special
attention is given to the modules for automatic assessment of
students’ assignments. Furthermore, we explain how
assignments are presented to students, how they submit their
solutions, and how the automatic feedback is generated.
The integrated environment provides the functionality of
an adaptive learning environment that helps students
navigate through available learning resources, keeps track of
student’s actions, provides automatic assessment and updates
the learner model (with the specific learners’ knowledge of
course topics) accordingly [14].
The four main modules in this architecture are (Figure 4):
•
User Interface (UI) components. It is represented
with two separated web interfaces: one for overview
of courses and teaching material, and the other for
editing and submitting of solutions (UML editor).
•
Data storage. All educational material, assignments,
solutions and data about students will be stored
within this module.
•
Services. This module includes services for
performing different tasks within the environment
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(assessments, collaboration, generation of reports,
update of learner models, etc.).
•
Communication module. This module will include
different communication channels for delivering
educational material to students and submissions of
their solutions for automatic and manual
assessment.
As part of these four basic modules, the system contains
separated components that will be responsible for specific
tasks within the learning environment:
•
Learning portal – user-friendly personalized Web
interface for students.
•
Knowledge repository - represents the domain
knowledge as a collection of learning resources
(tutorials, videos and tasks).
•
Learner model - represents the collection of
learners’ profiles with detailed logs of their
interaction and performances.

•
•

•
•
•

•

Personalization module - performs the actions that
direct the automated adaptation of the system
towards the needs of specific learners.
Learner analytics module - intelligently analyses
and visually presents the data from the student
model to both, students and teachers.
Design environment–is an online UML editor.
Management console–is the tool for automated
evaluation of students’ assignments.
Analysis component - performs software model
analysis. This tool will be used to automatically
evaluate the created software models to detect
general design flaws, security flaws, and
performance bottlenecks.
Assessment module - involves the verification of
the submitted assignments (including class object
and relationship notation).

Figure 4. Proposed architecture of the integrated educational ecosystem
The proposed architecture presents the foundation for the
development of integrated learning environment that can be
used for personalized learning, automated assessment of
learners’ knowledge, and visualized data of teaching practices.

5.1 Evaluation of students’ assignments
The process of student’s solution assessment will be executed
through the following stages (Figure 5):
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•
•
•
•

•
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Assignments are presented to students (ProTuS)
The student enters his/her solution via web interface
(WebUML)
The student submits the solution via web interface
(WebUML)
Automatic part of the assessment (Analysis
component). The system evaluates the solution by
running the verification algorithm that compares the
XML solution with the provided solution. Automated
feedback is generated and presented to the student.
Manual part of the assessment (OctoUML). Teacher (if
necessary) evaluates the feedback, adds his/her
comments, and sends the combined feedback to the
student.

•

The visual presentation of the students’ results
(Learning
analytics
module).
Reports
are
automatically generated and presented to students
and teachers.
In general, tutorials, examples and challenges are
presented to the students in ProTuS. WebUML is used as an
online editor for creating students’ solutions, while OctoUML
can be used by teachers to import solutions and provide
feedback to students.

5.2 Automated evaluation of students’ assignments
We proposed the development of an assessment module
for UML diagrams, integrated with existing software design
tools and learning environments. This tool analyses students
UML diagram solutions which are submitted by students in
the form of XMI files.

Figure 5. Automatic assessment in the integrated tool
The integrated system should be able to provide features
for manual and automatic assessment. Moreover, it should
provide verification mechanism that will examine student’s
solutions and investigate whether or not the solutions satisfy
a given problem statement [2]. This will be determined by
parsing the XML file of the solution and its comparison with
the solution diagram created by the teacher (designer of the
problem). The comparison will include (but should not be
limited to):
•
number and names of classes;
•
number of attributes and their types;
•
number of associations and their types.
The feedback is automatically generated by the system and
presented to the students and teachers.
The comparison creates the graph (matrix) to represent an
UML diagram. In the case of Class diagram, nodes of the graph
represent classes, whilst connectors represent associations of
class diagram. Similar graph can be created for other diagram

types. For the initial integration, we will focus on class,
sequence, component, and activity diagrams. Therefore, the
system should be able to perform document structure
analysis, check for the fundamental issues of diagram design,
and decide what feedback to present to the student.

5.3 Manual evaluation of students’ assignments
In the second phase of the evaluation, teacher (if necessary)
evaluates the automatically generated feedback, adds his/her
comments, and sends the combined feedback to the student.
This process is done in OctoUML. This system offers formal
and informal inputs. Therefore, students can create their
solutions in the WebUML, and later this solution can be
imported and edited in OctoUML in order to create feedback
from the teacher.
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6 EVALUATIONS
In order to evaluate the proposed concept, we execute several
experiments on separated components to show that the
presented features of web-based educational ecosystem can
have important positive effects on learning and students’
meta-cognitive skills. Besides, it is also relevant to detect the
benefits this approach can bring, the preferred order of
activities, and how one activity affects another.
In one of the studies, we performed a data collection with
the teaching assistants (TAs) that are assigned to the course
Web technologies at Norwegian University of Science and
Technology, in Trondheim, Norway [19]. Teaching assistants
are one of the user groups that apply ProTuS to follow
students' learning paths and call for interventions if they
perceive that particular student fails to keep up with the
expected progress. Subsequently, a focus group was organized
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with the TAs to gather the best practices that they have
accumulated over the last few years, working with students in
the particular course.
In order to investigate the usability of the OctoUML system
and issues like ease of use, efficiency, and user satisfaction we
organized user studies at the University of Gothenburg,
Sweden [11]. Sixteen subjects were engaged in a design
assignment. The assignment was to create a UML class
diagram of a given scenario using our tool. To give a global
overview of the subjective assessment of our tool's usability,
we asked our subjects to answer the System Usability Scale
(SUS) questionnaire. Furthermore, we planned semistructured interviews using both closed and open questions.
The evaluation shows that OctoUML provides a user-friendly
environment and has the potential to effectively support the
activities of the designers.

Figure 6. The assessment process in integrated environment
The results of the empirical experiments exemplify the
benefits the component provides to students. The
experiments showed that the students and the system and its
component attractive and usable, which provided useful
insights for further implementation of web-based educational
ecosystem.

7 CONCLUSIONS
This paper presents an integrated learning environment that
can be used for personalized learning, automated assessment
of learners’ knowledge, and visualization of teaching practices.
We proposed architecture for adaptive e-learning
environment that integrates the functionalities provided by
three existing educational or software design tools.
The proposed architecture includes integration of existing
tools (i.e. ProTuS, Web UML, and Octo UML) into full-scale

web-based learning environment. This paper presents the
first step that includes an implementation of automated and
semi-automated assessment. Consequently, we expect that the
integrated system will improve the efficiency and
effectiveness of students’ learning by providing them with
personalized and automated learning process. We believe that
this approach will significantly improve the teaching process
in software design courses at university level.
However, further efforts are needed to implement the
additional functionalities (i.e.) not already provided by the
existing tools. For now, the integrated educational ecosystem
can provide automated and semi-automated assessment of
students’ software design assignments.
In future, we aim to develop educational programs in the
field of software design that fit students' profiles better. The
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evaluation needs to focus on assessing the system’s overall
effectiveness and the accuracy of the students’ modelling.
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