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Abstract. The use of e-learning in education is an ever-increasing practice.
E-learning could generate effective learning for education. There are several
factors affecting the creation of successful e-learning for education as well as
several criteria possibly applied to evaluate the effectiveness. The “traditional”
way (questionnaire, interview, information system analysis) to measure effec-
tiveness is not enough in e-learning measure of effectiveness because part of the
information, that coming from social networks, will be lost. This paper, after
identifying the Critical Success Factors (CSFs) of a synchronous e-learning sys-
tem, and identifying the Key Performance Indicators (KPIs), proposes an
approach for evaluation based on the analysis of information derived from social
aspects. The paper proposes a set of CSFs and KPIs to study the students’ per-
ception and highlights how to measure the KPIs using social software information.

Keywords: E-learning - Critical success factors - Key performance indicators -
Information extraction - Sentiment analysis * Social media

1 Introduction

With the advance of information and communication technologies, e-learning has
spread like a new modern educational paradigm.

One problem in the e-learning scenario is defining a useful method to evaluate an
e-learning course. In effect, compared to the traditional teaching systems, in e-learning
systems there are other aspects related to the use of technology and multimedia systems.
An e-learning approach becomes sustainable when the use of computers in particular,
and ICT in general, it can provide real added value to teaching, added value that could
not be achieved with traditional tools and approaches. One of the major problem of
distance learning compared to traditional training is the apparent lack of teacher who
becomes a matter to be assessed for the effectiveness of e-learning systems.

The evaluation of education systems can be seen as a process in which one tries to
indicate whether the learning experiences with educational software are effective [1]. It
is very difficult to define good e-learning: a definition of good e-learning is in [2],
where authors affirm that e-learning is “good” if it provides the right people with the
right skills at a reasonable cost in a timely manner.
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It is possible to evaluate an e-learning course using the “traditional” approach based
on information systems evaluation and other systems (e.g., questionnaires or tests). This
approach, very useful to evaluate a business process in a company, may not to be
sufficient in the e-learning field. With the advent of web 2.0 people express their opinion
using typical web 2.0 tools, such as social networks and wiki. In [3] a survey and an
analysis of the use of social software in education is proposed. The paper summarizes
the characteristics and the existing problems of the educational application of various
social software: the authors identify 438 articles as samples of the content analysis
(Chine Journal FullText Database 2003—-2008), which use blogs (335 items), wikis (51),
social software (21), podcasts (20), and instant messaging (11) in education. Application
areas include matters of most concern in teaching and professional development of the
teacher, then knowledge management, web-based learning and other fields.

It is clear that a “simple” evaluation of e-learning courses using a traditional
approach is not enough and the necessity to use data collected from the “social tools”
(blog, wiki and so on) should be explored. In order to develop a systematic approach to
the use of data derived from social software for e-learning evaluation, it is appropriate
to adopt the Critical Success Factor (CSF) /Key Performance Indicator (KPI) analysis
and apply it to this new source of data.

In this paper, we deepen the work described in [4] in which the authors describe a
first step towards the evaluation of e-learning projects based on the learners’ discus-
sions on social web pages.

Our idea is based on the identification of the CSFs and the KPIs in an education
course scenario of synchronous e-learning. We define the social metrics for measuring
the KPIs assessed with this social approach.

The use of a social approach is important as it allows us to capture the real
perception that the student has with respect to an e-learning course: through a blog the
student expresses his or her thoughts spontaneously. Spontaneity is difficult to catch
with the classical methods. For example, the questionnaires are one way of gathering
information from an e-learning system, but there are some problems with their usage,
such as reluctance to answer questions, as well as guessing and the answer being time
consuming.

In this paper we propose also an idea to automatically measure the defined KPIs
through the analysis of the information extracted from the learners’ opinions posted on
some social web pages related to an e-learning course. To this end, it is possible to use
the software platform, the architecture of which is described in [4], after an upgrade and
a customization of the platform itself for the e-learning scenario. This software platform
has already been used, with remarkable results, in different agrifood contexts (e.g.,
wine, olive oil). For the purpose of this work, the KPI evaluation is facilitated by a new
introduced feature of the software platform that is, the ability to identify any positive,
negative or neutral level of sentiment expressed by the learners in their discussions.

Section 2 describes the related work regarding the approaches and the assessment
methodologies defined in the literature. Section 3 illustrates the methodology we
propose and Sect. 4 illustrates an idea to measure the defined KPIs using a software
platform for relevant information extraction and sentiment analysis. Finally, in Sect. 5,
we draw some conclusions and discuss future work.
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2 Related Work

The works discussed in this paper are related to three main aspects analysed for this
paper: the study of Critical Success Factors in the e-learning systems; the study of Key
Performance Indicators in the e-learning systems and the study of Sentiment Analysis,
which is a very important aspect to understand the students’ perception.

Critical Success Factors (CSFs) in e-Learning Systems. The concept of CSFs was
defined in [5] as “those things that must be done if a company is to be successful”. The
method of CSFs, developed by Rockart (1979), is a simple and inexpensive but suc-
cessful method for choosing, generally, priority information. The CSFs can be defined,
according to Rockart, as those few crucial areas where the company has to perfectly
work to succeed in business. The CSFs are, therefore, areas of excellence [7]. It is
possible to apply the idea of CSFs to the e-learning area.

In our previous work [4] we have widely described the concept of CSFs in
e-learning systems. Since that work, we have further investigated CSFs in e-learning,
looking to the more recent literature, with the aim to identify CSFs for the evaluation of
e-learning systems and the KPIs to measure such factors.

In [8], the authors show that online courses are defined as having at least 80 % of
the course content delivered online, typically with little or no face-to-face learning
(e.g., course management system (CMS), video conferences).

In [9], e-learning CSFs within a university environment have been grouped into
four categories: (1) Information Technology (IT) (2) instructor (IT competency;
teaching style; attitude and mindset); (3) student; (4) university support. In [10] are
summarized the four key factors affecting the successful creation of an e-learning
model for higher education: (1) human deliberation, which could be considered as “the
processes undertaken by people which referred as people”; (2) instructional design,
which is the practice of maximizing the effectiveness, efficiency and appeal of
instruction and other learning experiences; (3) development of technology; (4) social
delivery, which includes some items for measuring the success of e-learning, such as
student participation, course content, course structure, financial support, cultural sup-
port, learning content and language support.

For the evaluation of these factors there were four major criteria applied to evaluate
the performance of any operation. These are: (a) cost efficiency — one important part of
the e-learning value was the sum of an ability to save money and how much benefit is
generated to the business; (b) quality — there are four levels of quality, including
reaction, learning, performance, and results; (c) service — in terms of easy accessibility
and the quality of access; (d) speed — how quickly an e-learning initiative is up and
running, how quickly the e-learning initiative reaches everyone who needs the content,
and how fast the e-learning initiative can be altered due to a change in the business or
the need to distribute new or revised information.

Key Performance Indicators (KPIs) in e-Learning Systems. KPIs are a set of
indicators that measure the efficiency performance, level of service and quality of
business processes [7]. The KPI approach is a flexible and popular approach to con-
ducting performance measurement in organizations. KPIs can be used to assess almost
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any aspect of work performance, whether financial or non-financial, depending on the
individual organization’s design. KPIs give a clear picture for each individual in an
organization, what is important for them and what they need to do [11].

In [12] are identified the following KPIs for e-learning: (1) effectiveness — the
contribution of e-learning (object/program) to the degree of goal reaching; (2) costs
(including project costs); (3) satisfaction — e-learning satisfaction (ELS), reaction and
satisfaction; (4) effects on business processes; (5) cost—benefit ratio; (6) efficiency —
tracking economic effort regarding the e-learning program; (7) material to stimulate
lively and interactive learning processes; (8) project progress; (9) learning outcome. In
[13] are defined the KPIs for e-learning systems, among which are: employee devel-
opment, cost-benefit, performance improvement, knowledge gained, trainer perfor-
mance, courseware performance, environment satisfaction.

Sentiment Analysis. In unstructured document analysis, the sentiment represents the
attitude expressed towards something (e.g., a product, a person). It can be positive,
negative or neutral and it requires highly complex algorithms in order to be computed
by software systems. Research in the field of Sentiment Analysis, currently, shows a
new emphasis, as demonstrated by the numerous works published in the last decade. To
name but a few, in [14], the authors presented an overview of the techniques used for
opinion and attitude detection within text documents. In [15] the authors focused on
reviews of films. They ran experiments in Opinion Mining using Machine Learning
techniques. In [16], the authors give the basis for the classification of text documents.
Even space-time is an important factor in the process of Opinion Mining. In [17], the
authors attempt to determine the political orientation of the users [18], through the
analysis of the user opinion expressed by Tweets. They used supervised learning
algorithms associated with the detection of emoticons.

In e-learning, Sentiment Analysis could be useful in terms of understanding the
learners’ perception about an e-learning course. The limitation of this technique is that
it works well with text in English but not with text written in other languages.

3 Definition of the E-Learning CSFs and KPIs to Understand
Student Perceptions

According to the studies reviewed in the ‘related work’ section, the e-learning CSFs
can be grouped into five categories described in Step 1 of the methodology below. For
the identification of KPIs in an e-learning education course scenario, we refer to the
literature and, in addition, to a simplified approach to the identification of KPIs that is
proposed through the use of the indicator triangle method [7]. The method proceeds by
identifying the “Resources Committed” in the system, the volumes of input and output,
and the KPIs subdivided in three categories: service, quality and efficiency. After
defining the KPIs, we select the KPIs that can be measured with social metrics and we
define the social metrics for measuring those KPIs. As we show in Fig. 1, we propose
as metrics for KPI measuring some examples of keywords, which map the information
extracted by our system. The keywords are labelled in the following categories: neutral,
positive and negative for identify the sentiment or the mood of users’ comments.
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Some KPIs are evaluable through statistical parameters extractable by blog. In Fig. 1
the column “type metric” identifies three type of measure: Classic Metric (CM), Social
Metric (SM), Statistical Parameters (SP) for each KPI. Below, the steps for the iden-
tification of CSFs and KPIs for an e-learning system.

KPIs | Type Metric | Keywords or measure for social metrics
KPI 1: ease of service accessibility [
[ om T
| I
N B Neutral: Interface, GUI. Positive: user-friendly, intuitive, ease to use, well designed.
a- user friendly interface M Negative: bad designed, complicated.difficult.
b. web 2.0 technology cM
c. use of secure protocols cM
d. cross-platform capabilit cM
KPI 3: Use of multimedia services
a. use of audio and video plug-ins CM
b. use of videoconferencing cM
c. use of blog or forum for sharing and comparing CcM
KPI 4: Quality of education
a. dropout rate SP time analysis of user comments and counting of user comments for each user
b. student academic grades CcM
c. improves speed of acquiring new knowledge and skill SM Neutral: knowledge, skill. Positive: new,quickly, improev. Negative: worsen, slowly.
4. improved leaming efficiency M Neutral: leaming,efficiency, ability. Positive: improve, increase, enhance. Negative: worsen,
reduce , decrease.
e. student/teacher ratio CM
. number of requests for additional courses CcM
9. course content currency (courses up-to-date) SM Neutral: course, content. Positive: uptodate. Negative: outdate.
h. leaming tracks are clearly defined M Neutral : learning iracks Posn:‘te clearly, eom!mahen.slbly ,plainly, with clarity. Negative:
unclear, inexact, indefinite, vague.
i. presence of detailed syllabus and prerequisites for all M Nsulnal syllabus, prsrsqunsnlas Positive: well defined, comprehensibly, detaleid, plainly.
courses i unclear, i ise, inexact, indefinite, vague.
N P " . " Neutral: electronic library. Positive : availability, high quality, best quality, good quality, better
fe
- and quality of library M uality, top quality. Negative: low quality, unavailable, not available.
[EFFICIENCY
Teacher:
KPI 5: Promotes student leaming sM Neu@l: Ieamlng. teacher, student. Poslgve: pmnplss, encourage, assist, aid, help,
contribute to, stimulate, work for; Negative: not stimulate, not aid, not encourage.
KPI 6: Uses rigorous instructional strategies (e.g. M Neutral: instructional strategies. Positive : rigorous, accurate, new, good, top. Negative: bad,
ling, think-alouds, etc.) inaccurate.
. N Neutral: level-technical Positive: high level, best level, good level,
KPI7: level of technical competence M top level, & . Negative: low level, bad level, incompetent.
Student:
KP! 8: level of student satisfaction M Neylral: sluder!(, satisfaction, level. Positive: very satisfied, enthusiast. Negative :less
satisfied, unsatisfied.
KPI 9: how many person in total have taken advantage of . - .
ihe e-leaming offer? SP Counting user positive comments on specific KPls
KPI 10: courses keep learner's attention SM Neutral: leamer, student, attention. Positive: high attention. Negative: low attention.
KPI 11: level of interactivity and feedback M Nsu@l: level, interactivity, feedback. Positive: high level, best level, good level, top level.
Negative: low level, bad level.
KPI 12: level of collaboration and motivation to study M Nsutla.l: level- collaboration-motivation. Positive: high level, best level, good level, top level.
Negative:low level, bad level.
. . Neutral: level, technical Positive: high level, best level, good level,
KP1 13: level of technical competence M top level, & . Negative: low level, bad level, incompetent.
Techi Infrastructure:
. - Neutral: course navigation. Positive: ease, effortless, simple, uncomplicated, straightforward,
KP1 14: ease of course navigation M fluent. Negative: difficult, arduous, laborious
KPI 15: ease of course a sibilty M Neutral: course accessibility. Posmva ease, effortless, simple, uncomplicated,
oces: ifficult, arduous, laborious.
KPI 16: ease of course avalaibility M Neutral: course avalaibility. Posmve ease, effortless, simple, uncomplicated, straightforward,
fluent. Negative: difficult, arduous, laborious.

Fig. 1. KPIs and social metrics

Step 1: Identification of the areas of CSFs and analysis of the CSF elements:
The e-learning CSFs can be grouped in the following categories:

Information Technology. Technology plays important roles in delivering learning
outcomes. The efficient and effective use of Information Technology in delivering
e-learning based components of a course is of critical importance to the success and
student acceptance of e-learning. IT tools include network bandwidth, network
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security, network accessibility, Internet availability, Cross-platform capability, Web 2.0
software, audio and video plug-ins, videoconferencing, course management systems,
and user interface.

Human Factor. In [19] is explained that the key main factor effecting to create
e-learning model for higher education was human factor in terms of technical com-
petency, e-learning mindset and level of collaboration of both instructor and student. In
addition, the characteristics of Instructor and Student are defined: technical compe-
tence; teaching style; interaction in class. Reference [6] suggested that instructors
should adopt interactive teaching style, encourage student-student interaction. It is so
important that instructors have good control over IT and is capable of performing basic
troubleshooting tasks. The Students’ characteristics includes technical competence,
student readiness to move online, student participation to study, perception of content
and system, collaboration and interaction, motivation.

Instructional Design. In [10] Instructional Design is described as the practice of
maximizing the effectiveness, efficiency and appeal of instruction and other learning
experiences. It includes the following elements: clarify of objectives, content quality,
learning strategies, psychology of learning [8]. Well-designed and selected courses
content and learning material facilitate meaningful educational experiences that are
essential for implementation of online learning materials.

Cost Effectiveness. One important part of the e-learning value was the sum of an
ability to save money (enhance skill and knowledge, improve job performance, and
impact results) [10]. Cost Problems include budget to invest in the course, long-term
sustainability, necessity of institutions to reduce costs.

Course Evaluation. The effective assessment of e-learning is to evaluate and measure
benefits resulting from e-learning implementation. Evaluation process must cover all
aspects the online course, to ensure that e-learning systems achieve the objectives of the
course. There were four levels of quality, included reaction (typical end-of-course
evaluation or rating sheet); learning (evaluation simply as tracking strategy), perfor-
mance (determination of the effectiveness) and results (often couched in a demand to
prove that e-learning works and works better than others) [10].

Step 2: Identification of KPIs: Following the indicator triangle method [7] we
identify the resources involved in an e-learning system: Teachers, Students and
Technological Infrastructure. The input volumes are the contents to be dispensed while
output volumes are the knowledge acquired by students. In Fig. 1, we classify the KPIs
in service, quality and efficiency.

Step 3: Selection of KPIs that can be measured with a social metrics: Starting
from the set of KPIs identified, we select those that can be assessed through a social
metric using the system that we have developed. This analysis is shown in the Fig. 1.

Step 4: Definition of social metrics for measuring KPIs: In Fig. 1 we define the
social metric for the KPIs that can be assessed with a social metric approach. To define
the social metric we have proceeded in this way: for every KPI measurable with social
metric we have analyzed the words that make up the indicator, researching the possible
keywords that can be used in a human dialogue to qualify (in positive or negative) the
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aspects that this indicator describes. We have researched the possible synonyms of the
keywords identified to try to have an exhaustive list of words that can be used in
spoken language.

The keywords are then labeled in the following categories: neutral, positive and
negative to identify the sentiment or the mood of users’ comments in the blog.

4 How to Measure the Defined KPIs

In order to measure, with the social metric, the KPIs defined in the previous section, our
idea is to analyse the learners’ posts published on the social web pages related to an
e-learning education course. To achieve this goal, we will use the software platform
described in [4]. This platform has been improved through the use of the new version
of the third-party AlchemyAPI (www.alchemyapi.com) APIs. This upgrade has led to a
far clearer output in terms of significant extracted keywords beyond the ability to
compute the level of the sentiment, that is the connotation positive, negative or neutral
of each extracted keyword.

To evaluate the sentiment level, AlchemyAPI incorporates both linguistic and
statistical analysis techniques. The first one uses a grammatical approach to understand
how words combine into phrases, and how phrases combine into sentences. This
technique works well with formal texts. The statistical analysis uses a mathematical
approach and it is well suited with user-generated content. The combination of these
techniques provides a greater accuracy in the sentiment evaluation of the information
extracted from the social media.

In order to employ the software platform in the analysis of the learners’ perception
of an e-learning course, the platform itself must be adapted to the e-learning context. To
do that an ontology will be designed in order to model the e-learning domain. This
means that it will contain the previously defined e-learning CSFs (information tech-
nology, human factor, etc.), KPIs (user friendly interface, improved learning efficiency,
etc.) and keywords for social metric (user-friendly, intuitive, efficiency, decrease, etc.).
So, the final ontology not only will describe the domain but it will permit the mea-
surement of the KPIs through the analysis of the information retrieved from the
learners’ opinions posted on the social web pages. To be more precise, the output of the
software platform is a tag cloud in which the extracted keywords are represented with
different font sizes proportional to the number of occurrences in the text along with
different colours that suggest the sentiment level (green for positive sentiment and red
for negative one). In addition to this representation, a table form is useful to show the
user detailed information about a keyword selected from the tag cloud. They are the
keyword number of occurrence in the text, the keyword sentiment level, the social web
pages in which the selected keyword appears with the indication of the other keywords
found in the same web pages. Furthermore, those keywords will be automatically
mapped, if possible, with those contained in the e-learning ontology. In this way it
would be possible to characterize the social metric of the KPIs and, as a consequence,
to better understand what learners say about an e-learning education course.
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5 Conclusions and Future Works

In the e-learning scenario, it is a good practice to define a method for the evaluation of
the effectiveness of an e-learning project along with the achievement of the goals in
order to better understand the learners’ point of view.

In this paper we propose an approach for the evaluation of an e-learning project in
the education based on social metrics. It consists of the identification of the CSFs and
the KPIs for an e-learning project and the definition of the social metrics in order to
measure those KPIs to which a social approach can be applied.

The paper also proposes an approach that seen the employ, the customization with
the design and the development of an e-learning ontology along with the upgrade, in
terms of APIs, of the system platform described in [4] which is useful in implementing
the idea; in effect it can analyse and extract relevant keywords from the users’ expe-
riences posted on social web pages and can compute the sentiment level of each
retrieved information. These keywords will be then mapped, in the e-learning ontology,
with those defined and associated with the relative KPI social metric in order to
characterize the KPIs from a quantitative (number of occurrences in text) and quali-
tative (sentiment level computed) point of view. As a result, the proposed approach
could support the e-learning domain expert in identifying the strengths and the
weaknesses of e-learning projects. As future developments, we will work on a real use
case in the education field: for the evaluation of the approach, it was considered a group
of students (about eighty students) of the “Information Systems” course of the Master
degree in Business Administration of Faculty of Economics. The students use a social
platform available on the intranet of the University in order to insert comments about
the course. Then we will analyse these statements to evaluate the proposed approach.
We will analyse the goodness of the KPIs we have defined, the software platform
developed and we will provide qualitative considerations about the KPIs themselves.
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