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Abstract: There is an increasing interest in the evaluation of academic,
and especially, professional competences related to software engineering
and technology. In particular, providing graduates that are willing to pur-
sue postgraduate studies with a mechanism for self-assessment would be
useful. In this work, rubric templates were used for this purpose and im-
plemented in a web portal. This system was developed in order to provide
the competence assessment functionality through the Internet. The pro-
posal was validated in the context of an Erasmus+ project run by six Eu-
ropean universities.
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1. INTRODUCTION

Collaboration among universities allows students to participate in internation-
al learning projects such as the European Erasmus+ programme. This is a great
chance for them not only to extend their academic knowledge, but also to integrate
in a different culture and to obtain experience moving abroad. These opportunities
arise thanks for the agreements reached between the European Commission and
the participating Universities.

The establishment of bilateral agreements among the universities are the basis
for the recognition of the study subject competences achievement when students
return to their home university. In this sense, evaluation methods must be as much
accurate as possible in the destination university, so that students can justify the


mailto:sanchezsjose@uniovi.es

40 International Journal on Information Technologies & Security, Special Issue Ne SP1 /2017

same knowledge gained as if they were at their home university. In a more general
scenario, an adequate procedure should be available for the students to justify the
competences that they have already acquired. For this purpose, rubrics used as
scoring guides for specific expectations, or critical attributes to be assessed in the
study subjects, are appropriated methods to rely on. In contrast rubrics are not
frequently used in Computer Science education despite that are relative well un-
derstood for competence assessment [1]. Consequently, the generalization of the
use of this evaluation instrument might lead to expose rubrics before the assess-
ment, so that students reach an idea of what professors consider more important in
their subjects [2].

Several methods have been proposed so far to measure competences acquired
by the learners based on rubrics. Cable [3] undertook an assessment related to the
detection of the major trait expected in students’ work in an object-oriented pro-
gramming course. For the assessment, primary traits with a scoring rubric guide
for each trait is included. Another example is Estell [4], who proposed a web-
based interactive programming portfolio methodology to access both an evaluation
form and detailed rubrics for the evaluation of the portfolio. Moskal, Miller and
King [5] used a scoring rubric to grade and track students’ knowledge develop-
ment as they progress through the course. Trivedi, Kar and Patterson-McNeill [6]
showed a web-based system to manage peer evaluation guided with rubrics for
programming appraisal.

The Implementation of Software Engineering Competence Remote Evaluation
for Master Program Graduates (iISECRET) project is an Erasmus+ programme run
by six partner universities in Europe [7]. It offered a framework for researching the
problem of academic and professional software engineering/software technology
knowledge representation for master programme graduate’s competence testing
purposes. One of the major tasks performed in the context of the iISECRET project
was the definition of rubric templates for personal competences’ self-assessment
of graduates that are interested in enrolling in a postgraduate study programme. In
this paper, the iISECRET approach for defining, using and populating these rubrics
is presented.

In this study the competences were divided into academic and professional for
subjects’ assessment process. Based on the European e-Competence Framework
(e-CF) [8], professional competences were classified depending on the first dimen-
sion proposed in this framework. In relation with the business process, the compe-
tences are categorised in 5 areas, which are plan, labelled with letter A; build,
labelled with B; run, labelled with C; enable, labelled with D and manage, labelled
with E. Another division was done following the 40 e-competences identified in
the second dimension.

The rest of this paper is organised as follows: Section 2 introduces our pro-
posal for rubrics templates for personal competences’ self-assessment. Section 3
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presents the application of this approach in the context of a European research
project. Finally, Section 4 shows our conclusions and further work.

2. PERSONAL COMPETENCES’ SELF-ASSESSMENT

A rubric is an easily applicable form of authentic assessment. Developed ru-
bric templates give clear guidelines on how to evaluate or grade knowledge, skills
and attitudes/proficiency levels. Each rubric template contains the following items:

1. One or more dimensions that serve as the basis for judging the stu-
dent response.

2. Definitions and examples to clarify the meaning of each dimension.

3. Ascale of values on which to rate each dimension.

4. Standards of excellence for specified performance levels accompa-
nied by models or examples of each level.

The rubrics proposed in this paper were created as follows: (i) firstly, the
structure of a rubrics template for personal competences’ self-assessment was pro-
posed based on previous research [9], and accepted by the iISECRET project part-
ners; (ii) secondly, starting from this template structure, the project partners devel-
oped rubric templates for their subjects; and (iii) finally, after that, those templates
were populated with descriptions of expected learning outcomes, specifically
adapted to knowledge, skills and attitudes/proficiency levels.

An example of a rubric table is provided in Table 1, which includes the most
important elements for competence evaluation, adopted as our base template.

Table 1. Example of rubric table

Level / Beginning Developing | Accomplished | Exemplary Score Weight
Score 1 2 3 4 Evaluation
Knowledge | [Description | [Description | [Description [Description
1 reflecting reflecting reflecting reflecting
beginning movement achievement highest level
level of toward of mastery of perfor-
performance] | mastery level | level of per- mance]
of perfor- formance]
mance]
Knowledge | [Description | [Description | [Description [Description
2 reflecting reflecting reflecting reflecting
beginning movement achievement highest level
level of toward of mastery of perfor-
performance] | mastery level | level of per- mance]
of perfor- formance]
mance]
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Skill 1 [Description | [Description | [Description [Description
reflecting reflecting reflecting reflecting
beginning movement achievement highest level
level of toward of mastery of perfor-
performance] | mastery level | level of per- mance]

of perfor- formance]
mance]

Skill 2 [Description | [Description | [Description [Description
reflecting reflecting reflecting reflecting
beginning movement achievement highest level
level of toward of mastery of perfor-
performance] | mastery level | level of per- mance]

of perfor- formance]
mance]
Attitude / | [Description | [Description | [Description [Description
Proficiency | reflecting reflecting reflecting reflecting
1 beginning movement achievement highest level
level of toward of mastery of perfor-
performance] | mastery level | level of per- mance]
of perfor- formance]
mance]
Attitude / | [Description | [Description | [Description [Description
Proficiency | reflecting reflecting reflecting reflecting
2 beginning movement achievement highest level
level of toward of mastery of perfor-
performance] | mastery level | level of per- mance]
of perfor- formance]
mance]

TOTAL SCORE:
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The process for developing the rubric templates used in the iISECRET project

is made of the following activities:

1. For each competence (academic or professional, e-CF) a separated com-
petence scoring rubric is created. Each competence rubric must be as-
signed a unique competence identifier.

2. In each competence rubric there are three parts: knowledge, skills and at-
titude/proficiency level, containing several items (see Fig. 1).

3. Each competence element may be scored from 1 to 4 (i.e. beginning - 1,
developing - 2, accomplishing - 3, exemplary - 4). Fig. 2 shows more in-
formation on this regard.

4. Total competence score calculation is performed using weights from 0 to
1 (e.g. for academic competence: part knowledge - 0.5, part skills - 0.3
and part attitude/proficiency level - 0.2; or for professional, e-CF compe-
tence: part knowledge - 0.3, part skills - 0.4 and part attitude/proficiency

level - 0.3).

B1.S2 | Is confused to
Competence identifier: explain and
B1 stands for dimension communicate
"Application Development" in <::| the
the e-CF; design/develop
S2 corresponds to skill ment to the
number 2 customer

B1.P1 | Fails in acting
under guidance
to develop, test
and document
| applications

Competence identifier:
B1 stands for dimension
"Application Development" in

the e-CF; <:
P1 corresponds to proficiency
level number 1

Fig. 1. The rows in the rubric represent the competence’s knowledge, skills and
attitude/proficiency levels, and they are assigned unique codes to identify them

The instructor should highlight key phrases in the rubric that describe the stu-
dent’s performance, and then they should write a final score in the score evaluation
column. Highlights might appear in more than one column. The teacher may also
choose to “decimalise” scores; for example, giving a 2.5 in one row to indicate that
the student is progressing toward a 3.
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The computation of the score evaluation is done as follows:
K S A
Total score = >"e(k) x w(k) + D _e(s) x w(s) + Y e(a) xw(a) (1)
k=1 s=1 a=1

As shown in (1), the total competence score is obtained multiplying the score
evaluation obtained in each knowledge, skill and attitude/proficiency level by each
weight defined in the rubric.

Level/ Beginning Developing Accomplished Exemplary
Score 1 2 3 4

Identifier of the — -
competence [Descrlptlon of the possible levels of performance that are defined for]

the competence element

element (1.e.
knowledge, skill

or attitude/
proficiency
level)

Fig. 2. Proposed scale for knowledge, skills and attitude/proficiency levels scoring

Table 2 shows the rubric that corresponds with the professional competence
B.1 from the e-CF, which is included in the subject Sp03 “Requirements Engineer-

L3

ing”.

Table 2. Subject “Sp03. Requirements Engineering”. Competence Scoring
Rubric for the competence “B.1. Application Development”

Level/ Beginning Developing Accomplished Exemplary Score | Weight
Score 1 2 3 4 Eval.
Knowledge
B1.K3 | Student cannot | Student is Student is at Student 3 0.1
answer ques- uncomfortable | ease with func- | demonstrates
tions about with functional | tional and full knowledge
functional and and technical technical de- on functional
technical de- designing, and | signing, but and technical
signing is able to an- fails to elabo- designing with
swer only rate explanations
rudimentary and elaboration
questions
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B1. Student cannot | Student is Student is at Student 0.1
K12 | answer ques- uncomfortable | ease with mod- | demonstrates

tions about with modelling | elling technol- | full knowledge
modelling technology and | ogy and lan- on modelling
technology and | languages, and | guages, but technology and
languages is able to an- fails to elabo- languages with
swer only rate explanations
rudimentary and elaboration
questions
Skills
B1.S1 | Is confused to Uses personal Uses a limited Uses multiple 0.1
explain and opinion to range of criteria | criteria to
communicate explain and to explain and explain and
the de- communicate communicate communicate
sign/developme | the de- the de- the de-
nt to the cus- sign/developme | sign/developme | sign/developme
tomer nt to the cus- nt to the cus- nt to the cus-
tomer tomer tomer
B1.S2 | Is confused to Uses personal Uses a limited Uses multiple 0.1
perform and opinion to range of criteria | criteria to
evaluate test perform and to performand | perform and
results against | evaluate test evaluate test evaluate test
product speci- results against results against results against
fications product speci- product speci- product speci-
fications fications fications

B1.S5 | Is confused to Uses personal Uses a limited Uses multiple 0.1

manage and opinion to range of criteria | criteria to

guarantee high | manage and to manage and | manage and

levels of cohe- | guarantee high | guarantee high | guarantee high

sion and quali- | levels of cohe- | levels of cohe- | levels of cohe-

ty sion and quali- | sion and quali- | sion and quali-
ty ty ty

B1.S6 | Is confused to Uses personal Uses a limited Uses multiple 0.1

use data mod- opinion to use range of criteria | criteria to use
els data models to use data data models
models

B1.S8 | Is confused to Uses personal Uses a limited Uses multiple 0.1

cooperate with | opinion to range of criteria | criteria to

development
team and with
application
designers

cooperate with
development
team and with
application
designers

to cooperate
with develop-
ment team and
with applica-
tion designers

cooperate with
development
team and with
application
designers
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Attitudes (Proficiency level)

B1.P1 | Fails in acting Relates with Accurately Provides a 0.1
under guidance | limited profi- relates how to complete and
to develop, test | ciency how to act under guid- | accurate lead-
and document act under guid- | ance to devel- ership for
applications ance to devel- op, test and acting under
op, test and document guidance to
document applications develop, test
applications and document
applications
B1.P2 | Failsin sys- Relates with Accurately Provides a 0.1
tematically limited profi- relates how to complete and
developing and | ciency how to systematically accurate lead-
validating systematically develop and ership for
applications develop and validate appli- systematically
validate appli- | cations developing and
cations validating
applications
B1.P3 | Failsin acting Relates with Accurately Provides a 0.1
creatively to limited profi- relates how to complete and
develop appli- | ciency how to act creatively to | accurate lead-

cations and to
select appro-
priate technical
options. Ac-
counts for
others devel-
opment activi-
ties. Optimizes
application
development,
maintenance
and perfor-
mance by
employing
design patterns
and by reusing
proved solu-
tions

act creatively to
develop appli-
cations and to
select appropri-
ate technical
options. Ac-
counts for
others devel-
opment activi-
ties. Optimizes
application
development,
maintenance
and perfor-
mance by
employing
design patterns
and by reusing
proved solu-
tions

develop appli-
cations and to
select appropri-
ate technical
options. Ac-
counts for
others devel-
opment activi-
ties. Optimizes
application
development,
maintenance
and perfor-
mance by
employing
design patterns
and by reusing
proved solu-
tions

ership for
acting creative-
ly to develop
applications
and to select
appropriate
technical op-
tions. Accounts
for others
development
activities.
Optimizes
application
development,
maintenance
and perfor-
mance by
employing
design patterns
and by reusing
proved solu-
tions




International Journal on Information Technologies & Security, Special Issue Ve SP1 /2017 47

In the previous table, the competence scoring rubric indicates that each
knowledge, skill and attitude/proficiency level has a weight of 0.1. It is important
to note that the weights are chosen by the instructor according to their own criteria.
Also, the score evaluation in this example is shown in column “Score evaluation”.
It represents the specific level reached by the student.

Total score=3x0.1+2x0.1+4x0.1+3x0.1+2x0.1+

2
3x0.1+2x0.1+4%x0.1+3x0.1+3x0.1=29 @)

As presented in (2), the total competence evaluation is 2.9, which is a value
between Developing - 2 and Accomplished - 3.

3. VALIDATION OF THE PROPOSAL

In the context of the iISECRET project, a one-year (60 ECTS) joint master
programme in modern software engineering and technology was proposed, and
their subjects were designed. This includes the syllabi of these subjects and in
particular, the detailed description of rubrics for the self-assessment of personal,
academic and professional (i.e. based on the e-CF) competences of Master of Sci-
ence in software engineering programme graduates. This definition was done in
accordance with the details provided in Section 2. Therefore, the different partners
of the iISECRET project defined in an independent but coordinated fashion their
subjects as part of the master programme.

As a validation activity, partner universities prepared the rubrics of two major
subjects and two specialisation subjects. For each of these subjects, partner univer-
sities developed the rubrics of, at least, one academic and one professional compe-
tence. As a result, the project partners created a total of 44 rubrics. Moreover, the
developed rubrics were implemented in the Software Engineering Competence
Evaluation Internet Portal (SECEIP). This system, which has been developed in
the context of the iISECRET project, helps self-evaluate master programmes’ grad-
uates and master students by performing on-line testing assignments.

5. CONCLUSION

This paper includes a proposal for the definition and use of rubrics for remote
testing of software/technology-related competences in the context of an Erasmus+
programme project. According to our experience in the iISECRET project, rubric
templates were in general an appropriate strategy to assess competences. As pros
and cons, the use of rubrics helps in the evaluation of the students’ knowledge,
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skills and attitudes/proficiency levels. They are easy to use, flexible and powerful
instruments. On the other hand, they imply a higher workload for the teacher in
order to formalise the correspondence between competence levels and outcome
from the students.

As further work, automatic evaluation by means of quizzes inserted in
SECEIP should be implemented. Currently, this assessment is done manually,
since the quizzes and the rubrics are not linked in the system.
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