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Abstract

Organizations need employees who perform satisfactorily in generic skills, such as
teamwork, leadership, problem solving or interpersonal abilities, among others. In
organizational environments, employees perform work that is not always visible for
supervisors and, thus, they can hardly assess their performance in generic skills. By
using a knowledge management system, the users are able to leave a trace of their
activity in the system’s records. This research aims to address a computer supported
assessment of the user’s generic skills from the perspective of Model-Driven
engineering. First, a systematic mapping study is carried out to understand the state of
the art. Second, a proposal based on Model-Driven engineering is presented and is then
validated through an organizational learning process model. Our results are promising
and we are able to conduct a scalable assessment based on objective indicators of the
employee’s planning, time management and problem solving skills.

Keywords: knowledge management system, generic skills assessment, organizational
learning, Model-Driven engineering.

1 Introduction

Model Driven Engineering (MDE) supports the creation of central artifacts in software
engineering through the development or automatic execution of software systems based
on models [15]. The growing complexity of organizational processes requires tools to
automate or partially automate their operations [2]. MDE provides an appropriate
paradigm to implement these tools by developing environments that are based on
domain models using the specific field terminology. Learning is a continuous process
that takes place within the workplace, both for individuals operating in the learning
society and for organizations competing in international markets [46]. To be
competitive, an MDE-based solution must support organizations to automate learning in
the workplace.
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Organizational learning can be defined as the advance in the knowledge of
organizations that takes place due to experience, which aims to enhance the
organization’s proficiency in the relationship between knowledge transfer and dynamic
competence [4, 23]. Therefore, organizational learning is crucial for organizations who
wish to meet the demands of a competitive and changing environment. Organizational
learning implies procedural knowledge, is highly contextualized by the work setting,
and focuses on generic skills [12].

Complementing the specific knowledge required in each subject area, generic skills
have become a fundamental value in the workplace [31]. Generic skills have been
defined as abilities that professionals should be able to perform regardless of their
subject area. Currently, many organizations demand that their staff have generic skills
as a complement to the specific skills that are expected for their specific expertise. From
a formative point of view, supervisors must encourage the performance in generic skills
in the organizational learning processes, in both face-to-face and in virtual environments
interaction. Unfortunately, measuring the individual’s generic skills performance is not
an easy task, especially in web environments where the users are not always visible to
their supervisors [7].

Web environments have become the nerve center in many organizations and they now
integrate data, processes, business systems and staff to ensure the quality of the final
products [17]. To manage their employee’s knowledge, many organizations have
adopted web environments based on Knowledge Management Systems (KMSs) due to
their features in terms of communication, learning, sharing information, information
retrieval and learning functions integration [28]. Although KMSs do not usually provide
the supervisors with objective indicators about their employee’s performance in generic
skills, KMSs do record most of their users’interactions. Previous studies have collected
records from these environments to analyze learning activities [20, 37]. Therefore, is it
possible to measure the employee’s generic skills performance based on their
interaction with KMSs?

To discover the current knowledge about the topic, this work first presents a systematic
mapping study to overview the state of the art (Section 2). Then, an organizational
learning process model based on MDE for the assessment of acquired skills is described
(Section 3). This model was previously applied in a case study consisting on an
authentic learning experience [8]. Although the results were promising, the external
validity of the process model was still a challenge because of the reduced sample of
learners that was used. Consequently, a broader case study involving 112 users was
conducted, which has been analyzed in this paper (Section 4).

2 Literature Review

This literature review has been carried out systematically through a Systematic Mapping
Study (SMS). A SMS is a broad review of the primary studies of a specific area that
aims to identify some evidence on the subject. This study is based on the guidelines of
the methodology proposed by Kitchenham [25] on how to plan, execute and present the
results of a literature review in software engineering. In particular, Petersen’s proposal
[34] has been used to describe the steps followed to perform this systematic mapping.

2.1 Justification and Research Questions
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Evidence obtained from an individual’s interactions within a KMSs could help their
supervisors to assess their performance in generic skills. To find the state of the art
regarding this issue, this SMS identifies several aspects of the computer-supported
assessment of generic skills. The SMS process begins with the definition of the research
questions:

e (Q1) Which generic skills have been assessed with computer support from the
user’s activity data in virtual environments?

e (Q2) Which methods have been applied for the assessment of generic skills in
virtual environments?

e (Q3) Which techniques have applied to assess users’ generic skills from their
interaction with virtual environments?

2.2 Review Protocol

The revision protocol defines a set of steps to obtain the bibliography for our study, as
described in the following subsections.

2.2.1 Search Engines and Search Terms

We used several well-known digital libraries to find papers, as follows: Web of Science,
Wiley Online Library, Science Direct, and IEEE Digital Library. To perform the search,
some terms related to skill assessment were used in the queries, namely: generic skills,
generic compe-tences and assessment. However, when combined with terms such as
computer-assisted, virtual environment or knowledge-management system, digital
libraries returned very few or no papers. Consequently, these second terms were
removed from the search.

To determine whether a retrieved paper should be part of the selection of primary
studies, its title, abstract and keywords were read. When this was not enough, we briefly
read the full paper, and then read the introduction and the conclusions in more detail.

2.2.2 Selection Criteria

To determine whether a paper obtained in the previous search process should be
included in the selected papers, the exclusion criteria was established as follows:

e Included: Relevant paper for research.

e Offtopic: Not relevant paper for research.

e Unsupported language: Paper not written in English or Spanish. ¢

e Duplicated: Paper whose main contribution is already included in another paper.

o Unread: Paper that has not been read, mainly because it was not available in
libraries and could not be obtained by other means.

2.2.3 Classification for Data Extraction

To extract the information, the papers have been classified according to the following
three aspects: research type, contribution type and research scope.

Research Type
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This classification refers to the type of research work carried out by the authors. Among
the different approaches for research classification, we followed Wieringa’s proposal
[49] as recommended by Petersen [34]:

e Proposal of solution: A solution for a problem is proposed; the solution can be
innovative or a significant extension of an existing technique.

e Validation research: The technique investigated is new and has not been applied
in practice yet.

e Evaluation research: The technique is applied in practice and an evaluation is
carried out.

e Experience papers: Papers that explain what and how something has been
carried out in practice, based on the authors’ personal experience.

e Opinion papers: These papers show a personal opinion about the goodness or
viability of a certain technique, or about how that technique should be
implemented.

e Philosophical papers: These papers outline a new perspective on existing
theories, structuring the field in the form of a taxonomy or a conceptual
framework.

Contribution Type

The papers are classified according to the type of contribution that they make to the
field in which they are developed. The classification is described below:

e Model: This includes processes, models or systems belonging to a supra-system,
whose purpose is to analyze their interaction to fulfill each particular function
and that of the supra-system.

e Method: Research contributions, described as a set of steps.

e Tool: Research contributions that have provided a software system or a software
extension.

e Framework: These contributions present a combination of aforementioned
elements (i.e. a model, a method and/or a tool).

e Technique: This procedure aims to perform a specific task. It may be supported
by a software system.

Research Scope

Finally, the papers are classified according to how the assessment of generic skills is
carried out:

e Supervisor assessment: The supervisor manually performs the assessment
process and the result is managed by software.

o Peer and self-assessment: The learner manually performs the peer-or self-
assessment processes, and the result is managed by software.

o Semi-automated assessment tool: Research contributions that present tools to
partially automate the assessment of generic skills.

2.3 Results
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After applying the selection criteria, 30 out of 313 papers were selected (Table 1). In
addition, a review of the literature on the most assessed generic competences was found
and included in this mapping [45]. This review is used to compare the data on these
skills with those obtained in this mapping, which provides evidence to answer the first
research question.

Ref

[10]
[11]
[13]
[14]
[18]
[19]
[22]
[26]
[27]
[29]
[33]
[30]
[32]
[35]
[36]
[37]
[38]
[39]

Research Type
proposal of solution
validation research
evaluation research
proposal of solution
proposal of solution
proposal of solution
experience paper
evaluation research
experience paper
proposal of solution
validation research
experience paper
experience paper
experience paper
validation research
experience paper
opinion paper
evaluation research
validation research
validation research
experience paper

evaluation research

Table 1 Classification of papers

Contribution Type Research Scope

tool

model

tool

model
framework
method
method
tool
framework
technique
tool
method
technique
model
method
technique
model
method
model
framework
method

tool

Peer and self-assessment
Semi-automated assessment tool
Peer and self-assessment

Supervisor assessment
Semi-automated assessment tool
Supervisor assessment

Supervisor, peer and self-assessment
Peer and self-assessment

Peer and self-assessment
Semi-automated assessment tool
Semi-automated assessment tool
Supervisor assessment

Supervisor, peer and self-assessment
Supervisor assessment

Peer and self-assessment

Peer and self-assessment

Peer and self-assessment

Supervisor, peer and self-assessment
Supervisor assessment
Semi-automated assessment tool
Peer and self-assessment

Supervisor assessment
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Ref Research Type Contribution Type Research Scope

[40] experience paper method Peer and self-assessment

[42] proposal of solution tool Supervisor assessment

[43] evaluation research technique Supervisor, peer and self-assessment
[44] evaluation research tool Supervisor assessment

[47] experience paper method Supervisor assessment

[48] experience paper tool Supervisor assessment

[50] proposal of solution model Supervisor assessment

Figure 1 shows the classification of papers according to their research scope and
research type. Most of the studies describe proposals of solutions, experiences,
validations and evaluations, while there are almost no opinions or philosophical papers,
which are usually found in research topics of a certain maturity. This, together with the
fact of having found few works, confirms the lack of research of this topic in the
literature.

Research Type Research Scope

| Semi-automated
assessment tool

Supervisor
assessmeank

i : | | Peerand seif
assessmeankt

Evaluation validation Experience Proposal Opinion  Philosophical
research resgarch  paper of solution paper paper

Figure 1 Distribution of papers by their research scope and their research type.
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Research Type Contribution Type

Sami-automated

assessment tool 1 1 2 1
Supervisor 5 4 4 . 2
assessment

b :.::f 5 1 3 1 3
Method Maodel Tool Framework Technigque

Figure 2 Distribution of papers by their research type and their contribution type.

The classification of papers according to their research scope and contribution type is
shown in Figure 2. The most frequent types are methods, models and tools. These
methods are bound to supervisor assessment and peer and self-assessment, whereas
both models and tools are more frequently considered for supervisor assessment. It
should be noted that, in this figure, if there is a paper that makes two contribution
types—for example, supervisor assessment and peer and self-assessment—, it is
counted once for each type.

2.3.1 Peer and self-assessment

Although peer and self-assessment can reduce the supervisor’s work, this is not always
the case. In some of the papers that we have analyzed, this approach is only used in a
complementary way to some other form of assessment [27, 43]. In addition, the self-
assessment may not fully adjust to the reality of the user’s performance. For example, in
[13] significant discrepancies between the grades that were self-assigned by the learners
in the analysis skills and the ratings assigned to them by supervisors were detected (i.e.,
a discrepancy of 55.65%).

2.3.2 Supervisor assessment

Supervisor assessment is applied by using similar instruments to those applied in peer
and self-assessment approaches. Scalability is the most frequently problem mentioned
by the authors. For example, Hiperion is a recommendation system that supports the
design of activities that are tailored to improve each user skills [42]. The main
disadvantage of this tool is the length of time that the supervisors are required to
dedicate to assign the different achievements and the weight of each grade for each skill
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in the activities. Using this tool, an individualized assessment of each user and each
group of users in a problem-based learning methodology was performed in [26].
However, the authors reported that the necessary workload for the supervisor is quite
higher than usual. Similarly, in [11] the supervisors concluded that the effort they made
was excessive, despite the good results obtained.

2.3.3 Semi-automated assessment tools

Psychological tests were the among the semi-automated assessment tool found [3].
These solutions required a set of experts (Delphi process) to create the test and,
unfortunately, it is not an affordable solution.

Serious games have been applied to the development of skills [10, 22], measuring the
user’s performance through a series of indicators. However, serious games are often
used for a specific purpose, usually related to specific skills instead of generic skills.

Although there are many studies of serious games in the literature, only two of them
assess generic skills.

The user’s activity records for the assessment of generic skills have been used in two
proposals. The first is LACAMOLC, which is a Pentaho-based tool that maps the
generic skills performance with indicators obtained from Moodle and Google Docs
[37]. The second proposal uses the Comprehensive Training Model of Teamwork
Competence (CTMTC) [19]. A Moodle web service that facilitates the extraction of
information via XML enabling the user’s teamwork to be assessed via their forum
interactions. These two papers collect indicators from virtual learning environments,
which are applicable to several generic skills. However, both approaches use fixed
indicators; that is, supervisors cannot check other indicators in the KMS apart from
those provided by the tools.

2.4 Answers to the Research Questions

We are now able to answer to the research questions, as follows:

(Q1) Which generic skills have been assessed with computer support from the
user’s activity data in virtual environments?

All of the generic skills defined by the Tuning Educational Structures in Europe Project
[24] have been assessed in the studies that we have found. Among them, the most
assessed skills are communication (14 papers), teamwork (13 papers) and problem
solving (7 papers). A comprehensive list of assessed generic skills is shown in Table 2.

Table 2 Number of papers that assess each generic skill.

Generic Skill Papers Generic Skill Papers Generic Skill Papers
Analysis 4 ICT 3 Project

Communication 14 Interpersonal skills 3 Management 2
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Generic Skill Papers Generic Skill Papers Generic Skill Papers

Creativity 3 Foreign language 3 Research 2
Critical thinking 4 Leadership 2 Responsibility 3
Cultural 1 Lifelong learning 3 Self-employment 2
Decision making 1 Planning and time Teamwork 13
Entrepreneurship 5 management 3 Troubleshooting 7

(Q2) Which methods are applied for the assessment of generic skills in virtual
environments? (Q2)

Two type of studies were found: on the one hand, those in which the software assists the
user in the assessment process; and on the other hand, those in which the software
partially automates the assessment. Within the first group, these works are divided into
two subgroups depending on who performs the assessment: peer and self-assessment
and supervisor assessment.

The electronic rubric is the most frequently used tool in supervisor, peer, and self-
assessment. The main problem encountered in supervisor assessment is the increase in
the workload [26]. However, if the assessment is delegated to the users, then
discrepancies may appear between the grades that are self-assigned and those received
through supervisors [13].

Within the semi-automatic assessment tools, five papers were found. Among them, two
papers are based in serious games [10, 16] and other two based on the analysis of
learning processes [19, 37].

(Q3) Which techniques are applied to assess the users’ generic skills from their
interaction with virtual environments?

Within semi-automatic assessment tools, there are two papers that describe formative

assessment methods. These papers extract indicators from virtual learning environments
for learning record analysis [19, 37].

2.5 Discussion

Several issues were found in the literature when facing the assessment of generic skills.
On the one hand are subjectivity issues, because the criteria valid for a supervisor to
assess a generic skill may not be valid for another; and on the other hand are scalability
issues. In many cases, the supervisor’s workload to achieve the objectives of a course is
high, even more so if they also have to generate and assess new tasks to measure the
level of performance of their staff in generic skills. Moreover, scalability issues increase
in the context of KMSs, especially if they contain a very large number of users.

According to our findings in this SMS, in many proposals the supervisor performs the
assessment by using different tools, but these contributions tend to present scalability
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issues. We also found papers in which the authors try to minimize this workload by
combining or replacing the supervisor’s assessment with peer and self-assessment. This
partly avoids the scalability issues, but we run into subjectivity issues in some learners’
assessments. Consequently, supervisors may have to revise their learners’ assessments,
facing scalability issues again.

Finally, we have found a set of papers that partially automate the assessment of generic
skills. On the one hand, we find serious games that emulate a real professional task and,
based on the user’s behaviour, they obtain a score that will serve as an indicator of
performance in certain skills. These games tend to be very focused on certain non-
generic skills and their implementation is often expensive. In addition, the process of
extracting grades is not usually automated or integrated with assessment tools, so a
manual procedure is required to capture them.

On the other hand, we find papers that partially cover the objectives of our research:
assessment of generic skills based on indicators obtained from the records of learning
environments. In these papers, the tools provide fixed indicators on specific activities,
for instance one of the tool gives the supervisor an indicator to assess learners’
teamwork based on forum interactions. Unfortunately, what the tool provides could be
valid for one supervisor in his/her learning context but not for another. If we had a
method that provided supervisors with tools to model and design their assessments, then
they could try different formulas to retrieve specific indicators of their users’
performance in the KMS, allowing us to refine them to what is considered to be valid
for the assessment of a generic skill in a specific context.

3 Organizational Learning Process

To meet the requirements of training and knowledge assessment in organizational
environments, an organizational learning process model is proposed. This section
describes the model and its implementation.
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Figure 3 Organizational process model for the assessment of acquired skills.

3.1 Organizational Learning Process Model

This research proposes the organizational learning process shown in Figure 3. This
process model includes several roles, and both manual and computer-assisted activities.
All of these are aimed at the acquisition and assessment of the participants’ skills in
training activities of a given organization. The process model comprises the following
sequence of activities:

1. Identification of training needs and required skills: First, the supervisor designs
a specific learning plan. This plan lists the catalog of skills expected for learners.
The supervisor maintains the catalog of skills and learning outcomes for the
organization by using a specific tool.

2. Design of learning activities: Subsequently, the supervisor designs the learning
activities needed for the training plan by using the features of a KMS. This way,
he/she is able to monitor the learning activities that the learners are engaging.

3. Development of assessment instruments: By using e-assessment systems,
detailed feedback-enriched assessment of learners can be supported. Assessment
instruments are usually structured in dimensions and sub-dimensions.

4. Mapping activities to assessment instruments and skills/learning outcomes:
Once the assessment instruments have been deployed, the supervisor indicates
the skills and learning outcomes that are developed by the learners through each
learning activity. Then, it is necessary to define the relationships among the
involved activities, the sub-dimensions of the assessment instruments, and the
skills and outcomes.

5. Engagement in formative activities: After setting up the learning environment
and the needed configurations for the assessment, the training activities in which
the learners are involved are carried out.

6. Performing manual assessment activities: The supervisor has to proceed with
the assessment by analyzing the learning results generated by learners. To
perform this step, the supervisor uses the assessment instruments previously
created according to the required skills.

7. Performing computer-assisted assessment activities: The analysis of the learning
results generated by the learners may be partially automated by using specific
tools developed for these purposes.

3.2 Reference Implementation

To support the activities described in the Organizational Learning Process Model, a
reference KMS [8] is proposed. This system is built on top of a well-known Learning
Management System (LMS) and a set of open-source tools have been specifically
developed. These tools and the process model activities that they support are presented
below.

Moodle (activity 2)

To design and deliver learning activities, we have opted for using Moodle as a LMS.
We created some specific tools to enrich Moodle with managing assessment
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instruments, managing skills and analyzing learning activities by extracting desired
indicators.

EvalCOMIX (activity 3)

EvalCOMIX is a web service to develop assessment instruments. It provides an API that
can be integrated with other e-learning systems [41]. A specific block called
EvalCOMIX MD was implemented in PHP and JavaScript to integrate EvalCOMIX
with Moodle.

Gescompeval (activity 4)

Gescompeval is a web tool for mapping activities to assessment instru-ments and
skills/learning outcomes [21]. It was implemented as a REST web service which
provides a read-only API to retrieve these skills and learning outcomes. It was
developed in Symfony 2, a PHP framework.

EvalCourse (activity 7)

EvalCourse is a MDE-based tool to perform computer-assisted assessment based on

learning analytics [9]. It admits queries written in SASQL, a Domain Specific Language
(DSL) that is used to design online learning assessments.

4 Case Study

This case study follows an authentic learning approach based on the simulation of a
back-end department of an IT company, in which employees are required to solve
information requirements. The employees were actually 112 students of a computer
science degree in the University of Cadiz (Spain) who had enrolled on a course on
databases in 2017/18 academic course.

4.1 Method

This experience was conducted according to the organizational learning process
previously described.

1. Identification of training needs and required skills: In addition to learning how
to use the SQL language, the students are supposed to acquire g eneric skills
related to problem solving and planning and time management.

2. Design of learning activities: The learning activities consist of both theoretical
and laboratory sessions. Six handouts had to be submitted at the end of their
respective weekly laboratory sessions (2 hours each). Each submission
comprised three SQL queries. After the submissions, the supervisor provided the
learners with the solutions and then they had to assess the queries of two of their
peers before a second deadline. The students must perform their assigned tasks
both correctly and on time.

3. Development of assessment instruments: A rubric to assess learner’s SQL
queries was defined, which includes a number of items to check their
completeness, correctness and appropriateness:
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Grade
[0-50)

e Is the query implemented according to what is requested in the statement
and was solved using suitable operators? (Answers: undelivered, 3 or
more errors, 2 errors, 1 error, no errors)

e Does the query return the expected result? (Answers: yes/no) ¢ Is there
an error in the query that does not allow the database management
system to process it? (Answers: yes/no)

o Has the task been delivered according to the established rules (naming,
format, etc.)? (Answers: yes/no)

Mapping activities to assessment instruments and skills/learning outcomes: The
learning activities were focused on developing student’s generic skills, as
follows:

e Problem solving: identify the information requirements of each
assignment and design the appropriates queries.

e Planning and time management: delivering their tasks (query writing and
peer-assessments) on time.

Engagement in formative activities: During the laboratory sessions, the learners
studied different SQL lessons. As they finished a lesson, they were asked for a
related task. These tasks grew in complexity as the lessons progressed.
Performing manual assessment activities: There was no manual assessment by
the supervisor. As we discussed in our previous case study [8], the manual
assessment is not scalable with a high number of learners.

Performing computer-assisted assessment activities: EvalCourse was used for
the computer-assisted assessment. By writing SASQL queries in EvalCourse, the
supervisor could easily retrieve objective indicators about the user’s interactions
with the KMS.

Table 3 Generic skills scale

Performance

Poor

[50-75)  Acceptable

[75-100) Good

100

Excellent

4.2 Assessment Results

After completing the course, learners should have completed 12 tasks (six SQL
submissions and six peer-assessments). To assess their performance in the two generic
skills, their grades were considered according to the scale shown in Table 3.

The first aspect to analyze consists on checking if the learners had delivered their tasks
on time. For this, the SASQL query is as follows:

Evidence queries on time:
get students show submission in workshop.
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This query returns reports showing the number of tasks that each learner delivered on
time. The results are shown in Figure 4 (left-hand side). They show that only nine
learners (8%) had a poor performance (i.e., less than the half of tasks were delivered on
time) whereas 35 learners had an excellent performance.

The second aspect to analyze is whether learners completed their tasks successfully or
not. For this, the SASQL query is as follows:

Evidence queries evaluation:
get students show evaluations in workshop.

Planning and time management Problem solving

1
4]

@ Poor @ Accepiable @ Good ® Excellent @ Poor ®Acceptable EGood mExcellent

Figure 4 Results of generic skills assessment.

The second query returns reports showing the average of the peerassessments received
by each learner. The learners used the former rubric to assess their mates. The results
are shown in Figure 4 (right-hand side). The results show that 12 learners had a
performance between poor or acceptable and only four learners had an excellent
performance. The majority of the learners had a good performance (between 75 and 99
out of 100).

4.3 Threats to Validity

It is necessary to consider threats to the validity of our research. On the one hand, to
assure the construct validity of the literature review, we have followed guidelines
widely recognized in software engineering research. Its internal and external validity is
also guaranteed because we analyzed the extracted data using simple techniques without
making any projection. However, since the case study was carried out with
undergraduate students, we cannot generalize the findings to other types of
organizations beyond universities. Further replication of the study is hence required in
other contexts.

5 Conclusions

Virtual environments such as KMSs are used in many organizations due to their
communication and information management features. KMSs also provide a suitable
environment to support learning in the workplace. Learning in the workplace implies
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planning activities to support the employee’s improvement in both specific and generic
skills. Knowing how the employees perform in generic skills can be strategically
relevant to detect skills that need to be improved or to place them in the proper position.
However, measuring the employees’ performance in generic skills is not easy,
especially in virtual environments.

This research begins with a systematic mapping study, which shows how the
performance of the user’s skills in this type of environments is being measured.
Although some works were found that semi-automate the assessment process, there are
still manual tasks in these approaches, which suffer from both scalability and
subjectivity issues.

This research proposes an organizational learning process model to support the training
activities within organizations, which consists of seven steps that aim to develop the
acquisition and assessment of skills. Assessment within the proposed model is
supported by EvalCourse, which is a software program that is based on MDE that
supports the automatic extraction of indicators from KMS records. Planning, time
management and problem solving skills were assessed in a case study conducted with
112 learners through their interaction with the KMS.

The results are promising—an assessment based on objective indicators has been
achieved which, if it were not for the use of this type of tools, would not scalable.
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