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Software Engineering: Methods, Modeling, and Teaching, vol. 2, preface. 

Software engineering has been growing in Latin America. 
Day by day, new research groups arise, many companies 
emerge, and hundreds of students become new software en-
gineers. Academics, practitioners, and clients are creating 
and practicing models and methods, which in turn are used 
for teaching. This second volume is a resemblance of the 
work related to software engineering created by Latin Amer-
ican researchers. I hope this work will be useful for practi-
tioners and clients in the near future, because nowadays is 
very useful for keeping open the minds of our Latin Ameri-
can researchers. 

This book is the joint effort of many researchers from 
several countries, with the aim of disseminating and sharing 
the way of working with software engineering in our region. 
I wish to thank all of the authors for joining us in this shared 
vision about software engineering, seen through the eyes of 
our Latin American researchers. 

This book is divided into 14 Chapters. The main topics 
are always the same: methods, modeling, and teaching. 
Sometimes the boundaries are fuzzy. Sometimes either a 
method or a model can be used for teaching. Sometimes 
teaching is the starting point of some model or method. No 
matter the look you use for entering each Chapter, you—as a 
reader—will discover the essence of software engineering in 
our work. No matter if you are an academic, a practitioner, 
or a client, you will find useful information in this book. For 
this reason, there is no suggested order to approach the 
Chapters. You can only select a title you want and go deep 
into the reading in order to discover the wondering work we 
are doing in the Latin American software engineering disci-
pline. 

The book begins with some ideas about requirements 
elicitation from technical documentation and continues with 
the challenging information mining area. Then, we explore 
some human issues about software engineering, some usabil-
ity facts about host applications, heuristic evaluations of us-
ability, and contributions of software engineering to embed-
ded system development. Knowledge representation of test 
methods is also a matter of study, as well as non-functional 
requirements and co-innovation processes. The book contin-
ues with a model used in collaborative work and ends with 
some ideas about improvement in the classroom: the sugges-

tions for improving productivity and assertiveness, the usage 
of motivational strategies and workshops, and the usage of 
case-based reasoning as a way to improve education. 

As you can see, there is a variety of information and pro-
jects to be consulted, which can be incorporated in the usual 
practice of software engineers. Our goal is clear: contrib-
uting to the improvement of software engineering as a whole 
and looking for the realization of our ideas in the software 
companies from today. 

I want to point out, as a final remark, my intentional us-
age of the software engineering terminology. In my current 
role of Chairman of the Latin American Chapter of Semat 
(Software Engineering Methods and Theory), I always want 
to use the vocabulary associated with Semat. In fact, practi-
tioners, clients, essence, practice, and methods are words 
usually pronounced in the Semat documents, lectures, and 
workshops. The spirit behind this book is not so far from the 
Semat ideas and I hope further volumes of this book will be 
completely linked to the Semat ideas. In this search for the 
software engineering theory, all effort is not enough, but it is 
the beginning of new ideas. And renewed ideas will become 
the raw material for our new understanding of the software 
engineering as a whole. The time has come to discover the 
essence of software engineering, to search for new methods, 
modeling, and teaching in our discipline. I hail this spirit, 
and I am waiting and working for the new software engi-
neering ideas. 

 
 

Carlos Mario Zapata, Ph.D. 
Chairman of the Semat Latin American Chapter 

November, 2012 
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1 INTRODUCTION 
 
One of the first phases in the software development process 
is the requirements elicitation (RE). RE encompasses the 
tasks of eliciting, analyzing, and specifying the functional, 
behavioral, and quality system properties (Castro-Herrera et 
al., 2009). 

Textual descriptions—formal or informal—written in 
natural language (NL) are a common source for the RE pro-
cess (Mich et al. 2004). NL is flexible, universal, and wide-
spread. During the processes of requirements elicitation and 
analysis, intelligent text analysis can be understood as some 
computational support for automatically or semi-
automatically process all the information gathered. Accord-
ing to Casamayor et al. (2011), such a process includes clas-
sifying, prioritizing, determining the quality, translating to 
more formal specifications, and other analysis tasks. NL is 
also a very useful way of communicating the contents of pol-
icies to employees of an organization and people who inter-
act with an organization (Brodie et al. 2006). 

Many organizations have useful information inside cor-
porate technical documents. This kind of documents can 
comprise procedure manuals, regulations, corporate policies, 
rules, and statutes from a company. By using corporate tech-
nical documents, the analysts can extract domain knowledge 
and business information in order to transform it into a con-
trolled language discourse. This task is useful when captur-
ing requirements (Zhang 2007). Although several authors 
propose the usage of techniques to elicit requirements from 
domain descriptions and guidelines texts (Sitou & Span-
felner 2007; Islam et al. 2010), this usage is minimal and the 
methods on how to apply these techniques are still not avail-
able.  

Looking for an approach to formalize the method, we are 
working on the design of a pattern of corporate technical 
document. Based on this pattern, including structural and 
functional elements, we can process a corporate technical 
document within the requirements elicitation phase. 

In this Chapter we propose a first approach to a structural 
and functional pattern for the corporate technical document 

called standard operating procedure (SOP). We have de-
signed this pattern following the steps of a rhetorical analysis 
methodology from the corpus linguistics.  

The remainder of this Chapter is organized as follows. In 
Section 2 we describe the conceptual framework about cor-
porate technical documentation, discourse analysis, and cor-
pus linguistics. In Section 3, we review the state of the art 
and we discuss the approaches founded as background. In 
Section 4, we present the pattern proposed and its frame-
work. Finally, in Section 5, we present the conclusions and 
future work. 

2 CONCEPTUAL FRAMEWORK 
 

2.1 Requirements elicitation process 
 
RE is primarily concerned with the communication between 
the analyst and the stakeholder (customer, end-user, domain 
expert, and so on,) as a way to gather the essential and 
relevant domain information. Such information is considered 
the basis for the requirements elicitation process. The RE 
process has several activities, including: understanding the 
domain, capturing and classifying requirements, establishing 
priorities, resolving conflicts, and negotiating system 
requirements (Robertson & Robertson 2006).  

The RE process needs the usage of two kinds of lan-
guages: NL and Controlled Language (CL). According to 
Berry (2003), the vast majority of requirements are written in 
NL. The analysts should identify the concepts used by the 
domain expert and the relationships among them. These con-
cepts and relationships are considered the basis for the com-
mon language understanding used by the requirements ana-
lyst and the domain expert. According to Li et al. (2003), NL 
is highly informal in nature, because speakers and writers 
frequently create new forms and combinations of a language 
in either oral or written discourses. 

Meanwhile, CL is used in this context for improving the 
clarity of expression of the source text and the quality of the 
analysis process (Mitamura & Nyberg 1995).  

Chapter #1 

Designing a structural and functional pattern of a corporate technical 
document for requirements elicitation: A first approach from corpus 
linguistics  

Carlos Mario Zapata Jaramillo 
Universidad Nacional de Colombia, Medellín, Colombia 

Bell Manrique Losada 
Universidad de Medellín, Medellín, Colombia 
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The definition of a CL based on some subset of the natu-
ral language is important to establish a controlled vocabulary 
and grammar. A CL restricts the translation so that only a 
pre-defined vocabulary is used. With this vocabulary, an an-
alyst can write and standardize rule-based readable texts. 
Based on the foregoing, a machine translation system may 
take advantage of less-complex and less-ambiguous texts 
(Mitamura & Nyberg 1995). 

2.2 Corporate Technical Document  

Corporate technical documents comprise a kind of docu-
ments used by organizations for communicating policies, 
rules, processes, business processes, among them, to their 
employees and people who interact with them. These docu-
ments from an organization/company/corporation can com-
prise procedure manuals, regulations, corporate policies, 
rules, and statutes. 

A manual is a set of written instructions that describes 
how procedures are defined, developed, and managed by the 
members of an organization. These procedures involve tech-
nical, administrative, and operational activities. 

Procedural information is the most important information 
type included in procedure manuals (Karreman & Steehoud-
er 2003). According to Ummelen (1997), procedural infor-
mation includes actions, conditions for actions, and results 
from actions. This information is characterized by action 
verbs and imperatives, short action sentences, step-by-step 
presentations of items, direct style texts, and if-then con-
structions.  

Documents of procedures, called procedure manuals, are 
designed to define, deploy, execute, monitor, and maintain 
several rules an organization or enterprise must comply. 
Managing policy, administrative, and corporate technical 
documents has recently studied by several researchers 
(Dinesh et al. 2007; 2008). A procedure manual aims to ex-
plain either the structure/operation of a device (e.g., engine), 
or the operation of a process (e.g., medical treatment of pa-
tients). These explanatory documents contain information 
primarily declarative, in terms of definitions and descriptions 
of system components, their relationships, the general prin-
ciples of operation, and the context in which it is used. 

2.3 Discourse Analysis  

The RE process involves a variety of discursive practices, 
specific to stakeholders, which can be analyzed by using 
methods of linguistics discourse analysis and corpus linguis-
tics. One focus of these methodologies is based on the usage 
of language for the construction, interpretation, and exploita-
tion of documents. 

2.3.1 Specialized Discourse Analysis  

Specialized text analysis requires a special process in the 
framework of discourse analysis (Biber 2006; Nickerson 
1999). One way to address discourse analysis comes from 
the gender point of view. 

According to Swales (1990) and Yates & Orlikowski 
(1992), Parodi (2008) defines genders as variations of a lan-
guage which operate by means of a set of linguistic features 
present in a text. Likewise, they are linguistically confined 
under their communicative purposes, participants involved 
(writers and readers), production contexts, usage contexts, 
and discourse organization modes, among others. 

The genre theory (Nickerson 1999; van Nus 1999) focus-
es on written practices of members of specific communities 
and also on the design of information and business records. 

Specialized texts—generated from a specialized organi-
zational discourse—are produced by specialists who have 
mastered the cognitive and conceptual organization of mat-
ter. According to Cabré (1999), the specialized discourse is 
derived from variables related to the subject and perspective 
of a topic, and the intent and level of expertise of the issuer 
or producer of the text. 

2.3.2 Rhetorical Analysis of Discourse  

Rhetorical analysis (RA) is concerned with the way to con-
struct discourses; some priority to the communicative intent 
of each gender is given (Azaustre & Casas 1997). 

Gender analysis is discussed in terms of rhetorical moves 
(Swales 1990; 2004). These moves refer to the functional 
parts or sections of a genre. This approach for studying a 
particular genre comprises the analysis of a text and its de-
scription in terms of either segments or rhetorical structures. 
This kind of analysis forms the skeletal structure of the dis-
course, and influences and restricts the discourse contents 
and style (Askehave & Swales 2001). 

2.4 Corpus Linguistics  

According to Parodi (2008), the corpus linguistics consti-
tutes a set of methodological principles for studying any lan-
guage domain. Corpus linguistics allows the description, 
analysis, and teaching of several types of discourse, from 
corpus preprocessed with the assistance of information tech-
nologies. Sets of linguistic features—which operate by gen-
der—can be identified from representative corpus composed 
of a set of specific texts. Based on these texts, prototypical 
regularities that characterize a particular genre, in a higher 
level of abstraction are projected. 

Thus, a corpus is a comprehensive collection of texts that 
are collected as sets of linguistic data that reflect the actual 
use of a language (Wynne 2005). Corpus-based approaches 
have been widely used to explore both written and spoken 
texts in recent years (McCarthy & Handford 2004). Such ap-
proaches are focused on the investigation of word usage, 
frequency, collocation, and concordance (O’Keeffe 2003). 
The main goal, according to Biber (2006), is analyzing the 
actual patterns of use in natural texts based on a large and 
principled collection of natural texts as the basis for analysis. 
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3 STATE-OF-THE-ART REVIEW AND 
BACKGROUND 
 
In this state-of-the-art review, we consider several ap-

proaches which use technical document as requirements 
sources or processing. The following are these approaches: 

3.1 Requirements sources of the elicitation process 

According to Islam et al. (2010), researchers should increase 
the work for identifying, considering, and analyzing several 
sources of possible requirements in the requirements elicita-
tion process. Commonly, the requirements capture is made 
by using techniques like interviews and joint applications 
design (JAD; Christel & Kang 1992), among other tech-
niques focused on scenario analysis (Zapata et al. 2007). 
Eliciting requirements from other sources—like corporate 
technical documentation—is not common. The elicitation 
process, when based on corporate technical documentation, 
would allow primarily: comprehension and description of the 
organization and the role the system plays on this context 
(Leite 1987); understanding the stakeholders’ domain; de-
signing interviews; applying techniques for requirements 
analysis; and generating draft models representing the prob-
lem domain. 

Nowadays, problems associated with the requirements 
elicitation process are too complex (Christel & Kang 1992; 
Coulin & Sahraoui 2008) and too much expert knowledge 
from several fields is needed for developing a software ap-
plication (Kleppe 2009). So, a simple holistic vision of the 
whole problem is required for supporting the decision-
making process along the requirements elicitation process. 
Some sources of candidate requirements seem to be good ba-
sis for the holistic vision (Sommerville et al. 1998; Stein et 
al. 2009) belonging to the domain knowledge (Zhang, 2007). 
Even if the requirements elicitation process takes place in a 
well-known and controlled environment, some features of 
the process (e.g., risk and uncertainty related to the require-
ments contextualization, quality volatility of them, and am-
biguity in its definition, among others) require the usage of 
multiple sources or several requirements elicitation tech-
niques in order to adequately support the process. 

Some framework- and pattern-based approaches have 
been proposed in order to tackle with such complexity 
(Kleppe 2009). However, the progress related to the identifi-
cation/extraction of information useful for the requirements 
elicitation process and the analysis/processing of corporate 
technical documentation is a topic still under development. 

Usually, RE is not a task of just collecting clearly articu-
lated requirements, but instead intensive work is needed to 
transform embedded knowledge into explicit one (Stein et al. 
2009). There are many possible knowledge sources related to 
human beings (domain experts, current users, stakeholders, 
etc.) and also artifacts (manuals, domain descriptions, laws 
and regulations, legacy system, and competing software 
products; Kotonya & Sommerville 2004). 

Existing RE techniques are grouped into four categories: 
conversational methods (e.g., interviews), observational 
methods (e.g., ethnography), analytical methods (e.g., back-

ground reading), and synthetic methods (e.g., prototyping). 
Byrd et al. (1992) provide a similar categorization, but they 
include knowledge acquisition techniques used in knowledge 
engineering, supported on the big similarity of techniques 
existing in both domains. 

3.2 Automated document processing 

The usage of Natural Language Processing (NLP) techniques 
to extract knowledge from existing documents is a common 
approach to several disciplines. For example, Aussenac-
Gilles et al. (2000) demonstrate its usage on the ontological 
engineering research domain. Fliedl et al. (2007) use NLP 
techniques in order to analyze requirements documents in-
stead of gathering requirements. NLP is a good approach 
whenever long texts are available. 

O’Shea & Exton (2004) use the contents analysis tech-
nique for extracting requirements of a software visualization 
tool from a set of texts, e.g., bug reports. Predefined catego-
ries are used and the results are analyzed by using a quantita-
tive analysis to obtain the frequency of the category usage. 
Contents analysis is a suitable technique whenever a set of 
categories can be defined prior to the analysis of the texts. 
Contents analysis requires a certain extent of understanding 
the domain to be studied. This approach is not suitable when 
the texts should be used to gain understanding of the domain 
and then elicit requirements. It is commonly used to analyze 
communication (e.g., interview transcripts), but it can also be 
applied to other texts. 

Template Analysis is another technique based on NLP 
(King 1998). This approach is a qualitative research method 
for analyzing research material in the shape of texts. An in-
tertwined iterative process is used, and a corpus-based code 
template—a set of codes—is created. Codes are terms repre-
senting possible themes in the corpus. This technique re-
quires intensive intervention of the analyst, because the cod-
ing process is hand-made, commonly supported by 
qualitative data analysis (QDA) tools. Also, by applying 
template analysis the analyst requires a certain degree of 
open-minded thinking and a high level of collaborative atti-
tude. 

The analysis of policy documents written in NL has been 
recently performed: for describing organizational procedures 
and checking their conformance to regulations (Dinesh et al. 
2008). Also, some controlled languages—e.g., the one in the 
Sparkle project (Brodie et al. 2006)—are employed to for-
malize policies and then propose authoring rules for policy 
parsing. They employ controlled languages for easing the 
document interpretation and usage processes. 

Lévy et al. (2010) present a technical environment which 
enables semantic annotations of the document textual units 
(e.g., words, phrases, and paragraphs) with ontological ones 
(concepts, instances, roles, property instances, etc.). This ap-
proach provides an ontology-driven interpretation of the 
document contents. Also, they create and exploit the seman-
tic annotations for integrating policies into decision support 
systems.  
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In the context of NL-based requirements analysis, several 
approaches have considered the problem of analyzing speci-
fications in NL (Ambriola & Gervasi 2006; Santiago et al. 
2009). Bajwa et al. (2011) propose an approach for automat-
ically mapping the English NL specification of business 
rules to SBVR (semantic business vocabulary and rules). 
Procedure documents—hence called procedures manuals—
are designed to define, deploy, execute, monitor, and main-
tain the rules an organization or enterprise is intended to 
comply. Managing either policy documents, administrative 
documents, or corporate technical document has been recent-
ly studied by several researchers (Dinesh et al. 2007; 2008). 
Some of them try to describe organizational procedures and 
check their conformance to regulations (Dinesh et al. 2006), 
and authoring rules for privacy policies (Brodie et al. 2006).
  

Most aforementioned approaches try to understand how 
the technical documents are built and generated, and search 
for the future development of methods and patterns for creat-
ing those technical documents, before they are used and pub-
lished. 

4 A FIRST APPROACH TO A PATTERN OF 
CORPORATE TECHNICAL DOCUMENTS 

 
In this Section, we characterize the type of specialized dis-
course used in the organizational technical documents called 
standard operating procedures (SOP), for further definition 
of structural and functional patterns which distinguish the 
type of discourse used in these documents. 

4.1 Methodological procedures 

We use a methodology based on corpus linguistics (Simpson 
& Swales 2001; Tognini-Bonelli 2001), as the one devel-
oped by Parodi (2005). We aim to perform a descriptive 
analysis of linguistic texts from administrative technical 
documents used in organizations, known as SOP. 

The corpus used as the basis for this study consists of 50 
documents written in English, in different English-speaking 
countries, which were downloaded from several websites. 
The SOP were collected following ecological criteria and 
representativeness, seeking to collect those produced, creat-
ed, or promoted in the corporate or business environment. 
We create a representative corpus of full texts which meet 
certain criteria. 

Broadly followed, the specific methodological proce-
dures of this study are divided into three stages, as follows: 

 Qualitative characterization of the manual macro-
genre and the procedures manual genre. 

 Collection of material for forming the corpus and 
Analysis of the digital corpus 

o Definition of the reference model for the 
analysis 

o Rhetorical analysis 

 Design of Structural and Functional Pattern of the 
SOP 

4.2 Qualitative characterization of the document 

In this section we present the qualitative characterization 
of the manual macrogenre and the procedures manual genre. 

The term manual applies to academic manuals, instruc-
tional and teaching textbooks, and technical procedure man-
uals (Parodi, 2008). In this work, we use the meaning of 
procedures manual referring to the latter type. Also, it is 
possible to identify several subtypes, using the idea of genre 
or colony system. 

The procedures manual macro-genre or genre colony 
corresponds to the name bringing genres of a specialty based 
on a particular area, a usage domain, and a basic purpose. In 
this Chapter, we accept the concept of macro-genre as de-
fined by Garcia (2009): an abstract class that groups texts 
with a function and audience shared. According to Parodi 
(2008), the genres included in the manual macro-genre are 
quality manuals (e.g., function and procedure manuals) and 
usage manuals (e.g., user manuals), among others. 

From processes of searching, reviewing and analysing 
documents from the Web, we define the following hierarchy 
of manual macro-genre, based on the theory of gender anal-
ysis (Swales 2004). As shown in Figure 1, a Manual, as a 
specialized technical document in the corporate context can 
be: Usage Manual or Quality Manual. The Usage Manual is 
a technical document of a particular system, device, applica-
tion, or equipment which tries to provide assistance to a sin-
gle user or a group of users. Commonly, this manual is asso-
ciated with an electronic device, physical component (e.g., 
computer hardware), or software application. This can turn a 
User Manual or Technical Manual. The latter are distin-
guished primarily by the type of audience which are ad-
dressed: the first addresses a wider audience, without specif-
ic knowledge base in the interest area, while the second one 
is aimed to an audience with some expertise on the issue. 

 

 
Figure 1. Classification of manual macro-genre. Image 

source: self-made 
 
Meanwhile, the quality manual is a document specifying 

the quality policies, along with their features (e.g., mission, 
vision, principles, goals, and processes), aiming to imple-
ment those policies. Commonly, this document is public and 
establishes how to apply quality assurance standards in or-
ganizations, which aim to define its Quality Management 
System. The quality manual contains the Functions Manual, 
Procedures Manual, and the Quality Assurance Manual. A 
Function Manual describes the location and functions of the 
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job, and the tasks and responsibilities of each one. It is creat-
ed to define and divide the work of an organization, to know 
and reformulate the responsibilities of positions and, there-
fore, to facilitate the task of functional control. A Procedure 
Manual is a document that describes the systematic opera-
tional procedures associated with administrative units. This 
document contains the rules, activities, and steps required for 
compliance of processes. Finally, the Quality Assurance 
Manual contains the set of actions that are necessary to pro-
vide adequate confidence that a product or service will satis-
fy quality requirements. 

Figure 2 shows the formation of the Procedures Manual 
in Protocols, Instructional, and Analytical. 

 

 
Figure 2. Classification of procedure manual genre. Im-

age source: self-made. 
 
Protocols category establishes a set of standards, meth-

odologies, and/or formulas to react in situations, achieving a 
unique style in the company. These protocols can be Reac-
tion Prevention Protocols (e.g., Disaster Prevention Manu-
als) or investigation protocols (e.g., Research Methodology 
Manuals). 

Instructional category comprises the procedure manuals 
attempting to describe, in terms of activities and steps, se-
quences to follow instructions for performing certain tasks. 
Three kinds belong to this category: operational process 
(e.g., Operating Procedure Manual of Tropical Forest Man-
agement), Operations (e.g., Operation Manuals for a recy-
cling machine), or registration/ review (e.g., Registration 
Manuals of laboratory samples). 

Finally, Analytical category refers to those methods in-
volving analysis and systematic review activities, methodo-
logical and/or a scientific phenomenon. These include La-
boratory (e.g., Procedures Manual for the analysis of organic 
carbon), or clinical processes (e.g., Procedures Manual for 
labeling laboratory samples). 

According to Parodi et al. (2008), based on the constitu-
tive features of discourse genres, conjugation of their criteria 
and their operationalization in specific variables, it is possi-
ble to characterize a particular genre. This characterization 
facilitates the accurate distinction and classification of the 
texts inside the corpus. The set of criteria and gender varia-
bles characterizing the operating procedures are the follow-
ing: 

i. Communicative Macro-purpose: To standardize behav-
iors and/or procedures. 

ii. Mode of discourse organization: Descriptive, due to 
names, locations, and qualifying objects, people, or process-

es. Narrative, it may have actions in a temporal order look-
ing for a specific purpose. 

iii. Relationship among participants: Expert writer vs. 
expert reader, and/or Expert writer vs. semi-layman reader. 

iv. Ideal context of circulation: whether it is running the 
technical / professional environment. 

v. Mode: Verbal (written) and nonverbal. In some cases, 
it includes scientific formulas, images, and drawings, among 
others. It is mono-modal, whenever occurs predominantly as 
a way (verbal), despite including nonverbal information. 

vi. Terminology: contains a large number of specific 
terms belonging to the body of knowledge and a lot of in-
formation shared between sender and receiver. Such infor-
mation is produced by individuals who possess specific 
knowledge of a subject. 

• Scope: intra-professional, due to circulation within a 
given professional field and among members of that com-
munity (Gunnarsson 2004). 

 
For the above characterization, we considered both the 

internal features of the texts, and the external context in 
which they are produced and used. This classification has 
been proposed from the empirical point of view, and it is 
conceived under the idea that manual genre, like other dis-
course genres, is a highly complex and dynamic unit essen-
tially belonging to the cognitive, social, and linguistic di-
mensions (Parodi et al. 2008). Based on this qualitative 
characterization, this work focuses only on the procedure 
manual genre as a constituent of this genre system. 

4.3 Rhetorical analysis of the document 

4.3.1 Corpus construction 

Since we try to represent the diversity of possible documents 
on this genre circulating on the web, we were not too restric-
tive in selecting texts for building the corpus. In this context, 
our focus was to get as many samples of several manuals, 
but not the entire track rolling stock. Thus, we obtained 50 
documents constituting the corpus. 

The choice of the population selection due to several cri-
teria, as follows: 

 Document named as ‘Standard Operating Proce-
dures’ (SOP) or 'SOP Manual'. 

 Document written in English 
 Document published online and open-accessed in 

the Internet 
 Document with an author affiliated to a compa-

ny/corporation. Also, we just downloaded a docu-
ment per author. 

 In text document format, with a very low percentage 
of images. Not only include those containing im-
ages. 

A SOP is a constitutive document of a quality system. A 
SOP is a document describing a set of recurring operations, 
which are used as a guide to implement them correctly and 
always in the same way. Frameworks and standards such as 
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ITIL (Information Technology Infrastructure Library) and 
ISO (International Organization for Standardization) respec-
tively configure their organizational processes using as basic 
enforceable set of SOP. SOPs are vehicles that are used to 
implement an organization's policies. Policies are sets of 
formal documents stating the rules and regulations by which 
an organization lives. A SOP describes procedures defined 
as part of business processes and describes how the policies 
are implemented effectively. We perform a sampling proce-
dure after establishing the criteria for the web search pro-
gram and the formation of the corpus. The documents in the 
corpus correspond to 100% of the population, conforming a 
significant sample, from a proportional estimate sample size 
(Fernandez 2000), with a confidence level of 95% precision 
and 5% an approximate value of the measured parameter. 
Assuming that the population is evenly distributed, we se-
lected a sample of 32 documents, which corresponds to 64% 
of the total population. This is the minimum percentage sta-
tistically random, calculated with the Z test of proportions. 
Based on this sample we conducted the rhetorical analysis. 

4.3.2 Rhetorical analysis 

The first step in defining a reference model of a discourse is 
searching for the theoretical models in the state of the art, 
which could be used as a reference for the genre rhetorical 
analysis. The major approaches we found are concerned to 
government and business documents (Trosborg 2000; 
Renkema 2003; McCarthy & Handford 2004; Warren, 2004) 
and commercial documents (Yates 1989; Yates & Orlikow-
ski 1992; Jameson 2008; Freedman & Medway 1995). Spe-
cifically for procedures manuals or SOP, we found no refer-
ences. 

For this reason, we use an inductive method for defining 
the initial model. This method, according to Burdiles (2011), 
consists of: random selection of four sample documents from 
the corpus; incremental construction of the initial model 
from a review by hand of the structure and superstructure; 
peer review; generation of reference model including com-
ments of the experts. 

From the reference model, we perform rhetorical analysis 
consisting in a review of each SOP of the corpus and its con-
trast against the reference model. We performed the recogni-
tion and registration of the findings of rhetorical units of 
each document from corpus and the obligation of each step. 

4.3.3 Approach to the pattern 

In this section we describe the functional and structural 
pattern, in terms of a rhetorical organization model of the 
SOP. As we show in a previous Section, this organization 
model acts as a pattern with structural and functional terms. 
In structural terms, depending on the macro-moves and 
moves, the pattern describes the organizational units of this 
type of technical documents. In functional terms, we speak 
about the function that meets the rhetorical organization 
units, accounting for the communicative purpose the author 
has including in the SOP. The macro-moves, in turn, contain 

19 moves, showing more specific functional units, as is 
shown as follows: 

 
i. Macro-move: Preamble / Overview 
This is a preliminary statement presenting an introduction 

to the document, describing the document purpose, conven-
tions, revision schedule, approval authority, and document 
organization, among others. 

• Move 1: Identifying SOP. Identify the organization that 
writes the SOP. This can include: author, company, location, 
filiation, name, and verbal or nonverbal identification. 

• Move 2: Organizing SOP. Allude to aspects of the 
document body, related to contents organization, lists of ta-
bles, and lists of figures, among others. This move allows the 
reader to locate the document content. This section should 
present the entire hierarchical organization (divisions and 
major subdivisions) of the document, preferably with a re-
spective list. 

• Move 3: Introduction. Justifies and presents the docu-
ment. It describes a general view of the related context and 
establishes what it does. 

• Move 4: Presenting Foreword. Present a general re-
view of the document and describes what is included in each 
procedure. Also, it can describe those who participated in 
writing the SOP, how it was organized, how to read it, the 
review process that took place, and warnings of its use and 
distribution. 

• Move 5: Documenting Conventions. Give the reader 
the current context of the document: date of approval, ver-
sion number, author, and revision number. 

• Move 6: Appointing regulations or regulatory re-
quirements. Name standards, contractual requirements, poli-
cy, or regulations associated with the procedures included in 
the SOP. It can include lists of references. 

• Move 7: Giving acknowledgments. Present the com-
pendium of helpers, people, or individuals acknowledged for 
their contributions to the writing of the SOP. It lists the 
combined efforts of the human team. 

• Move 8: Defining Intended Audience and Reading 
Suggestions. Define the primary audience for the SOP. It can 
include management team, operational team, and staff of the 
organization. 

• Move 9: Establishing Purpose. Describe the general 
goal of the procedures included inside the SOP, in the 
framework of organization. This goal is oriented to contex-
tualization and description of purpose. 

ii. Macro-move: Development. 
Presents in detail the procedures associated with each or-

ganizational process. Throughout this macro-move, and their 
related moves and steps, a series of specific purposes, re-
sponsibilities and functions, procedural descriptions, and 
rules for implementation is defined. 

 Move 10: Defining procedure purpose 
 Move 11: Defining roles and responsibilities 
 Move 12: Identifying prerequisites. Identify the requi-

sites previous to the execution of the procedure. It 
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may include rules, cautions, warnings, or recom-
mendations for achieving them. 

 Move 13: Listing definitions. Includes a list of defini-
tions, concepts, terms of acronyms used in the con-
text of SOP or within it. 

 Move 14: Listing resources. List the equipment, re-
sources, and material required for the execution of 
the procedure. 

 Move 15: Establishing methods. Establish the methods 
used to characterize or guide the procedure. 

 Move 16: Specifying procedure. Provide step-by-step 
instructions to ensure details of procedures. 

 Move 17: Including references. List bibliographical 
references included within the procedure. 

 
iii. Macro-move: Closure/Ending 
It is related to the moves I and II. It is not mandatory, but 

to supplement the development macro-move. 
 Move 18: Adding Supplementary information. (At-

tachments/Appendices) 
 Move 19: Including references. (List of bibliographical 

references) 
 
Based on the work of Parodi (2008), we have adopted the 

macro-move concept which refers to a higher abstraction of 
rhetorical purpose from that of a move, namely those discur-
sive units including a move. Thus, each macro-move serves 
a communicative purpose, and all macro-moves shape the 
overall organization of the text. 

By using this type of analysis—macro-moves, moves, 
and steps—we also support the extension of the texts that 
make up the genre and the recursive functional organization 
of some sections. By analyzing the functional organization 
of the SOP, we clearly identify the organization and hierar-
chy levels. For this reason, we have identified purposes of a 
higher level of hierarchy (macro-purposes), which comprise 
a set of moves more specific, which in turn will be composed 
of more detailed steps. 

We identified three macro-moves. The backbone of this 
genre lies in macro-move II: development. It acts as a unit 
that is repeated as many times as necessary to cover the de-
tailed development of the procedures. This macro-move sys-
tematically occurs as a feature of the Procedure Manual gen-
re. It is thus a recursive high-impact category, with a 
hierarchical organization stiffer. The preamble macro-move 
does not operate in the same way as the macro-move 2, as its 
inclusion only occurs once throughout the text. Another in-
teresting aspect among macro-moves is evident in the most 
flexible distribution and sometimes random distribution of 
the Ending macro-move. The latter is not mandatory, but 
complements the previous one in some cases, depending on 
the information needs to support the procedures. In the fig-
ure 3 we graphically present the proposed pattern. 

 

 act Rhetorical Organization Model

M
ac

ro
m

ov
e 

1:
 P

re
am

bl
e 

/ O
ve

rv
ie

w

1: Identifying SOP

2: Organizing SOP

3: Introduction

4: Presenting Foreword

5: Documenting Conv entions

6: Appointing regulations or 
regulatory requirements

7: Giv ing acknowledgments

8: Defining Intended Audience 
and Reading Suggestions

9: Establishing Purpose

 
 act Rhetorical Organization Model

M
ac

ro
m

ov
e 

2:
 D

ev
el

op
m

en
t

10: Defining procedure purpose

11: Defining roles and 
responsibilities

12: Identifying prerequisites

13: Listing definitions

14: Listing resources

15: Establishing methods

16: Specifying procedure

17: Including references

 
 act Rhetorical Organization Model

M
ac

ro
m

ov
e 

3:
 C

lo
su

re
 

18: Adding Supplementary 
information

19: Including references

  
Figure 3. The proposed pattern. Image source: self-made 
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5 CONCLUSIONS AND FUTURE WORK 
 

In this Chapter, we proposed a structural and functional 
pattern of a SOP, as a corporate technical document which 
can be processed as input for the requirements elicitation 
process. The value of using corporate technical documents in 
requirements elicitation has an incremental growth. 

Our work support the idea of enforcing Best Practice 
Syntaxes, to write procedures contained into a procedure 
manual like SOPs. This target also facilitates the problem of 
analyzing the NL from these documents, to promote its pro-
cessing. 

We present a first approach of a pattern, under the con-
cept of a rhetorical organization model. By using the rhetori-
cal analysis method, we show the pattern in terms of func-
tional and structural aspects, based on macro-moves, moves, 
and functions (communicative purposes). The proposed pat-
tern comprises three macro-moves, which serve an overall 
communicative purpose, and 19 moves shaping the organiza-
tion units of the text. 

The ultimate goal with this research is to get closer to the 
automated processing of SOP and other corporate technical 
documents, for facilitating the understanding of the overall 
culture in an organization or project, domain knowledge, and 
business information. We consider the aforementioned goal 
in the context of the requirements elicitation process. 

Processing a technical document as a procedure manual, 
specifically a set of procedures, has several advantages such 
as reducing workload, minimizing the possibility of human 
error, and standardizing human performance, among others. 
For these reasons, the management of this type of documen-
tation has an increasing utility. In recent years, it has been 
widely used in large and safety-critical process control sys-
tems, such as aviation systems, railway systems, and any 
human being involved to safety-critical systems. Our pro-
posal is to take them into account in the requirements elicita-
tion process. 

Actual and future research effort is directed to improve 
the pattern, trying to delimit the purposes, the audience, and 
the linguistics characteristics. Also, including another sec-
tions of the procedure manuals and mainly define the steps 
including in each move of the pattern. 

From the functional viewpoint, the pattern especially 
comprises functional interpretations of the language use. For 
our goal, the analysis of the behavioral aspects inside the 
discourse of the SOP is important. 

We plan to work with a more complete set of organiza-
tional procedures (reorganization of corpus) in order to ad-
dress contextual issues. 

Currently, we are working on the identification and clas-
sification of lexical-grammatical patterns, characterized by 
organization units (macro-move or move) and level. Among 
these patterns we can name: 

 Terminology 
 Loans (fixed combinations of words) and phraseology 

or morphological level 

 Specific procedures 
 Specific use of tenses or syntactic level 
 Noun phrases and verb phrases 
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1 INTRODUCTION 

Most Traditional Software Engineering projects can be 
considered (at least) partial failures because few projects 
meet all their cost, schedule, quality, or requirements 
objectives (May 1998). From the challenged or canceled 
projects, the average project was 189 percent over budget, 
222 percent behind schedule, and contained only 61 percent 
of the originally specified features. In 2005, it has been 
considered that from 5 to 15 percent of projects were 
abandoned before or shortly after delivery as hopelessly 
inadequate (Charette 2005). In other words, few projects 
truly succeed. 

On the other hand, Information Mining projects are a 
special type of Software Engineering projects with the 
objective of extracting non-trivial knowledge which is 
located (implicitly) in the available data from different 
information sources (Schiefer et al. 2004). Commonly, 
instead of developing specific software, available software 
tools are used which already include the necessary 
techniques and algorithms (García-Martínez et al. 2011a). 
As a result, the features of Information Mining projects are 
different from Traditional Software Engineering projects and 
also from Knowledge Engineering projects (KE), even 
though the algorithms are based on artificial intelligence 
methods (García-Martínez et al. 2003). However, they share 
similar problems. Conducted studies about Information 
Mining projects have detected that not all projects are 
successfully completed (Edelstein et al. 1997, Strand 2000), 
ending most in failure. In 2000, it has estimated that 85% of 
the projects have failed to achieve its goals (Fayyad 2000). 
In other words, this means that from 100 developed projects 
only 15 have been successfully completed. After five years 
working, the community has been able to decrease this 
project failure rate to approximately 60% (Gondar 2005) and 
therefore it can be said that the community is working on the 
right lane but there are project elements that should be 
enhanced yet. 

In this context, in this Chapter we have the objective of 
proposing two ad-hoc models to be used at the beginning of 
Information Mining project in order to increase the 

probability of successfully finishing it. First, Information 
Mining projects and its main characteristics are introduced 
(Section 2), then the problem is identified and the solution is 
proposed (Section 3) by defining the two models (Section 4). 
Finally, a conceptual proof is presented (Section 5) with the 
main conclusions (Section 6). 

2 INFORMATION MINING PROJECTS 
 

Information Mining is a sub-discipline of Information 
Systems which provides to Business Intelligence (Negash & 
Gray 2008) the necessary knowledge for the organizational 
decision making process. Information Mining involves more 
than the application of techniques to obtain this knowledge. 
As explained by García-Martínez et al. (2011a), two terms 
should be specified: “Data Mining” studies the technology 
(algorithms) to obtain knowledge from data repositories and 
“Information Mining” includes the application of processes 
and methodologies for successfully accomplishing the 
project goals. Consequently, Information Mining is closer to 
Software Engineering activities and Data Mining is closer to 
the developing tasks. Although Software Engineering 
provides several methods, techniques and tools, not all of 
them can be used because they are not focused on practical 
aspects. This means that specific methods, techniques, tools, 
and methodologies should be developed considering the 
main features of Information Mining projects. 

The most used methodologies for Information Mining 
projects are CRISP-DM (Chapman et al. 2000), SEMMA 
(SAS 2008) and P3TQ (Pyle 2003). These methodologies 
are considered as proven by the community, but they exhibit 
problems when trying to define the phases related to project 
management (Vanrell et al. 2010). The elements of project 
management are mixed with project development process. 
On the other hand, tasks which should follow all the 
development process such as project monitoring, verification 
and measurement are not considered in the referenced 
methodologies. 

Additionally, the features of Small and Medium-sized 
Enterprises (SMEs) should be considered for this type of 
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project, especially in Latin America. Normally, top-level 
managers (usually the company’s owners) need non-trivial 
knowledge extracted from the available databases in order to 
solve a specific business problem with no special risks at 
stake. As the company's employees usually do not have the 
necessary experience, the project is performed by 
outsourcing consultants. The consultants need to elicit both 
the needs and expectations of the stakeholders, and also the 
features of the available data sources within the organization 
(i.e. existing data repositories). Although, the outsourcing 
consultants should have a minimum knowledge and 
experience in developing Information Mining projects, they 
might or not have experience in similar projects on the same 
business type which could facilitate the tasks of 
understanding the organization and its related data. As the 
data repositories are not so often properly documented, the 
organizational experts should be interviewed. However, 
experts are normally scarce and reluctant to get involved in 
the elicitation sessions. Thus, it is required the willingness of 
the personnel and the supervisors to identify the right 
features of the organization and the data repositories. As the 
project duration is quite short and the structure of the 
organization is centralized, it is considered that the elicited 
requirements will not change. 

According to the Organization for Economic Cooperation 
and Development (OECD 2005): “SMEs (Small and 
Medium-sized Enterprises) constitute the dominant form of 
business organization in all countries world-wide, 
accounting for over 95 % and up to 99 % of the business 
population depending on country”. However, although the 
importance of SMEs is well-known, there is no universal 
criterion to characterize them. Depending on the country and 
region, there are different quantitative and qualitative 
parameters used to recognize a company as SMEs. For 
instance, each country in Latin America has a different 
definition (Álvarez & Durán 2009): while Argentina 
considers as SME all independent companies with an annual 
turnover lower than USD 20,000 (USA dollars maximum 
amount that depends on the company’s activities), Brazil 
includes all companies with 500 employees or less. On the 
other hand, the European Union defines as SMEs all 
companies with 250 employees or less, assets lower than 
USD 60,000 and gross sales lower than USD 70,000 per 
year. In that respect, International Organization for 
Standardization (ISO) has recognized the necessity to 
specify a software engineering standard for SMEs and thus it 
is working in the ISO/IEC 29110 standard “Lifecycle 
profiles for Very Little Entities” (ISO 2011). The term 'Very 
Little Entity' (VSE) was defined by the ISO/IEC JTC1/SC7 
Working Group 24 (Laporte et al. 2008) as being “an entity 
(enterprise, organization, department or project) having up to 
25 people.”  

On the other hand, the Information and Communication 
Technology (ICT) infra-structure of SMEs is analyzed. Ríos 
(2006) points out that more than 70% of Latin American 
SMEs have an ICT infrastructure, but only 37% have 
automated services and/or proprietary software. Normally 
commercial off-the-shelf software is used (such as spread-

sheets managers and document editors) in order to register 
the management and operational information. The data 
repositories are not large (less than one million records) but 
implemented in several formats and technologies. Therefore, 
data formatting, data cleaning and data integration tasks will 
have a considerable effort if there is no available software 
tools to perform them because ad-hoc software should be 
developed for implementing such tasks. 

3 ANALYSIS OF PROJECT FAIULRE 
 

The most important reasons causing the failure of software 
development projects are, among others (Charette 2005): 

• Unrealistic or unarticulated project goals. 
• Poorly defined system requirements. 
• Lack of communication among customers, developers, 

and users. 
• Poor project management. 
• Poor reporting of the project status. 
• Inability to handle the project complexity. 
• Stakeholder politics. 
• Commercial pressures. 
• Use of immature technology. 
• Sloppy development practices. 
• Unmanaged risks. 
• Inaccurate estimates of needed resources. 

The first three reasons are related to requirements 
handling and can be solved by applying methodologies and 
good practices (Wiegers 2003) considering the 
characteristics of the information mining projects (Britos et 
al. 2008). The next seven reasons are related to project 
manager activities that should be handled when executing 
the project (Vanrell et al. 2010). 

The remaining two reasons are problems to be handled 
by the initial activities of the project. Before starting any 
traditional software project, the organization must decide 
whether it is appropriate doing it or not. Making such 
decisions is complex and depends on multiple factors; it is 
necessary to know both the impact of the software on the 
organization and its developing associated risks (Pressman 
2004). This requires analyzing the project features by 
assessing the technical and economic feasibility of the 
project (commonly known as feasibility study). In expert 
system development projects, something similar happens. As 
the initial specifications for these systems are often 
uncertain, incomplete, and inconsistent, it is necessary to 
develop several prototypes for coherently define the system 
functionality, performance, and interfaces (García Martínez 
& Britos 2004). So, the Knowledge Engineering projects use 
more resources than traditional software development 
projects (Gómez et al. 1997). Then the feasibility study of 
these projects is highly important in order to identify the 
risks should be monitored and controlled during the project. 
Once the project is considered as feasible, it is necessary to 
predict the effort required to perform the project. With this 
information it is possible to estimate the necessary resources 
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and associated cost (Boehm et al. 2000). Although it is 
considered an activity required only for the project planning 
phase, the estimation of the project effort is also used as an 
indicator for the organization to decide if the project can be 
performed with the available resources. When the effort 
estimated for the project is too high, the management can 
decide to suspend the project or even cancel it. This is due, 
among other reasons, to problems undetected or wrongly 
handled. 

The information mining project initial tasks are similar to 
a traditional software development project. By early 
detection of risks, its effects could be reduced during the 
project development. However, given that the features of 
information mining projects are different from traditional 
software and knowledge engineering projects, the models to 
study the feasibility and estimate the effort cannot be reused 
for this type of projects and it is necessary to propose 
specific ones. 

4 PROPOSED MODELS 
 

In this section two models are proposed to be used at the 
beginning of an information mining project. The first model 
aims to analyze the feasibility of the project (described in 
Section 4.1) and the second one allows estimating the 
resources and time required to perform the project (Section 
4.2).  

These models have been specified based on actual 
information mining projects collected by researchers from 
the following research groups: the Information Systems 
Research Group of the National University of Lanus (GISI-
DDPyT-UNLa), the Information System Methodologies 
Research Group of the Technological National University at 
Buenos Aires (GEMIS-FRBA-UTN), and the Information 
Mining Research Group of the National University of Rio 
Negro at El Bolson (SAEB-UNRN). 

Be advised that all these projects had been performed by 
applying the CRISP-DM methodology (Chapman et al. 
2000). Therefore, the proposed models can be considered 
reliable only for Information Mining projects developed with 
this methodology. 

4.1 Feasibility model for information mining projects 

The proposal of the feasibility model for information mining 
projects requires the identification of the main conditions 
should be met to consider a project as feasible (section 
4.1.1). Such a task is dependent on the project features. 
However, it is not usually easy to met these conditions by 
answering 'yes'/'no' questions (or by giving a numerical 
value). The proposed feasibility model should be able to 
handle a range of linguistic values to answer each condition. 
From such values, and by applying a pre-defined process, it 
would be possible to determine the overall project feasibility 
as detailed in Section 4.1.2. 

4.1.1 Conditions 

The main conditions are identified (Bolea et al. 2011, 
Davenport 2009, Fayyad 2000, Nemati & Barko 2003, Nie et 
al. 2009, Nothingli et al. 2011, Pipino et al. 2002, Sim 2003) 
and classified into three groups (or dimensions) based on the 
same criteria used for knowledge engineering (KE) projects 
feasibility test defined by García Martínez & Britos (2004) 
and Gómez et al. (1997): 

 
• Conditions that determine the plausibility of the project 
include the factors that make it possible to perform the 
information mining project. A project can be performed if 
the following conditions are met: the available data 
repositories have current and representative data of the 
business problem to be solve, the business problem is 
understood, and the team has a minimum knowledge about 
the information mining process. 
 
• Conditions that determine the adequacy of the project 
include the factors that determine whether information 
mining is the appropriate solution for the identified business 
problem (i.e., it is the best solution for the problem). It is 
appropriate to apply information mining if the following 
conditions are met: the available data repositories have 
digital format (i.e., they are not only available in paper), the 
business problem cannot be solved by using traditional 
statistical techniques, the business problem will not change 
during the project, and the data quality is good. The 
following metrics are used for assessing the data quality: 
o Number of attributes and records (measuring the 

availability of enough data to apply the data mining 
process). 

o Degree of credibility of the data (measures of how much 
you can trust on the data accuracy depending on the 
source and nature). 

 
• Conditions that determine the success of the project, 
including the factors ensuring the project accomplishment. 
An information mining project will be successful if the 
following conditions are met: data repositories are 
implemented with technologies allowing easy data access 
and manipulation (i.e., integration, cleaning, and formatting 
tasks), the project stakeholders (either high level managers, 
mid-level managers, or end-users) support the project, it is 
possible to perform the project planning considering best 
practices with necessary required time, and the team has 
experience in similar projects. 

4.1.2 Proposed procedure 

The five steps we propose to assess the project feasibility 
are: 

Step 1: Determining the value of each project features. 
Looking for characterizing an information mining project 
and evaluating its feasibility, the corresponding features 
should be identified from the interviews conducted in the 
organization. Such features (specified in Table 1) are based 
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on the conditions identified in Section 3.1. Each feature 
should be identified by using one of the following words: 
'nothing', 'little', 'regular', 'much', and 'all'. 
 
Table 1. Project features evaluated by the model. 

Category ID Condition Weight Threshold

Data 

P1 
How much actual is considered the 
data from the repositories? 

8 little 

P2 
How representative is considered 
the data in the repositories in order 
to solve the business problem? 

9 little 

A1 
How much the data repositories 
have digital format? 

4 little 

A2 
How many attributes and records are 
available in the data repositories? 

7 little 

A3 
How much credibility has the 
available data? 

8 little 

S1 
In which degree the repository 
technology supports the 
manipulation of the data? 

6 nothing

Business 
Problem 

P3 
How much the business problem is 
understood? 

7 little 

A4 
In which degree the business 
problem cannot be solved by 
traditional statistical techniques? 

10 little 

A5 
How stable is considered the 
business problem during the 
project? 

9 little 

Project 

S2 
How much the stakeholders support 
the project? 

8 nothing

S3 

In which degree the project plan 
considers the required time to 
perform best practices during the 
project? 

7 nothing

Project 
Team 

P4 
How much knowledge has the team 
about information mining? 

6 little 

S4 
How much experience has the team 
in similar projects? 

6 nothing

 
For each feature of Table 1 the following attributes are 
defined: 
• Category: used only to group the features according to 
what or who is concerned. 
• ID: indicates a code to uniquely identify the property and 
the dimension to which it belongs (plausibility, adequacy, or 
success). 
• Condition: describes the feature to be identified for 
characterizing the project. 
• Weight: indicates the relative importance of each feature in 
the global model. 
• Threshold: Indicates the value that the feature must be 
equal or bigger than. If that the feature does not exceed the 
threshold, it can be considered that the project is not feasible 
and is not necessary to continue with the next steps. 

Step 2: Converting feature values into fuzzy intervals. 
Once the linguistic values have been defined for each feature 
of Table 1, they should be translated into numeric values to 
calculate the project feasibility. The transformation process 
described in the feasibility test of KE projects (García 
Martínez & Britos 2004, Gómez et al. 1997) is used based 
on fuzzy expert systems (Jang 1997). For each word, the 
values of a fuzzy interval are defined and expressed by four 
numbers (ranging from zero to ten) that represents the 
breakpoints (or corner points) of the corresponding 
membership function. These intervals with the graphic 
representation of the membership function are shown in 
Figure 1. 
 

Value = ‘nothing’ 
Fuzzy Interval= (0.0; 0.0; 1.2; 2.2) 

Value = ‘little’ 
Fuzzy Interval= (1.2; 2.2; 3.4; 4.4) 

 

Value = ‘regular’  
Fuzzy Interval= (3.4; 4.4; 5.6; 6.6) 

Value = ‘much’ 
Fuzzy Interval= (5.6;  6.6; 7.8; 8.8) 

Value = ‘all’ 
Fuzzy Interval = (7.8; 8.8; 10.0; 10.0) 

Figure 1. Membership function graphical and fuzzy interval 
assigned to each word. 

 

Step 3: Calculating the value of each dimension. 
In order to calculate the value of each project dimension, the 
fuzzy intervals (obtained in the previous step) are balanced 
considering its corresponding weight (as defined by Table 
1). The interval representing the value of each dimension 
(Id) is calculated with the Formula # 1 of Table 2. This 
formula is formed by the combination of the harmonic mean 
and the arithmetic mean of the set of intervals. We aim to 
reduce the influence of low values when calculating the 
dimension value. 

As the result of the formula, another fuzzy interval is 
achieved. In order to convert this interval into a single 
numeric value (Vd) the arithmetic average is used as shown 
in Formula # 2 of Table 2. 

Step 4: Calculating the overall project feasibility. 
Finally, the numerical values calculated in the previous step 
for each dimension (Vd) are combined by using a weighted 
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arithmetic mean (Formula # 3 of Table 2) obtaining the 
overall project feasibility value (OV). 

 

Table 2. Formulas used by the model. 
# Formula 
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Where: 
Id: represents the fuzzy interval calculated for the 

dimension d (using ‘P’ for plausibility, ‘A’ for 
adequacy, and ‘S’ for success). 

Wdi: represents the weight of the feature i for the 
dimension d. 

Fdi: represents the fuzzy interval that has been assigned to 
the feature i for the dimension d. 

nd: represents the quantity of features associated to the 
dimension d. 
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Vd: represents the numeric value calculated for the 

dimension d. 
Idi: represents the value of the position i of the fuzzy 

interval calculated for the dimension d . 
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Where: 
OV: represents the overall project feasibility value. 
VP: represents the value calculated for dimension 

plausibility. 
VA: represents the value calculated for dimension 

adequacy.  
VS: represents el value calculated for dimension success. 

 

 
Step 5: Interpreting the results. 
Once the numeric values for each dimension and the overall 
project feasibility value are calculated (steps 3 and 4 
respectively), they should be analyzed. As a way to interpret 
the results of the feasibility of each dimension, it is 
recommended to plot the corresponding membership 
function of the obtained fuzzy interval (Id). The viability of 
the dimension can be considered as accepted if it exceeds the 
range of 'regular' value. Analyzing the numeric value of the 
dimension is another way to do it. If the dimension value 
(Vd) is greater than 5, the dimension can be considered as 
accepted.  
On the other hand, for analyzing the feasibility of the 
project, the following criteria can be used: whether the three 
dimensions are accepted and the overall project feasibility 
(OV) is greater than 5, then the project is considered as 
feasible. Otherwise, it is not feasible.  

In both cases, the engineer should also observe the 
weaknesses of the project to be strengthened (if project is not 
feasible). 

4.2 Effort estimation model for information mining 
projects oriented to SMEs 

The normal effort estimation method applied in traditional 
software development projects cannot be used at information 
mining projects because the considered features are 
different. For example COCOMO II (Boehm et al. 2000), 
one of the most used estimation method, uses the quantity of 
source code lines as a parameter. This is not useful for 
estimating an information mining project because the data 
mining algorithms are already available in commercial tools 
and then it is not necessary to develop software. Estimation 
methods in information mining projects should use more 
representative features, such as, the quantity of data sources, 
the level of integration within the data and the type of 
problem to be solved. In that respect, only one specific 
analytical estimation method for information mining projects 
has been found after a state-of-the-art review. Such a 
method, called Data Mining Cost Model (or DMCoMo), is 
defined by Marbán et al. (2008). However, from a statistical 
analysis of DMCoMo performed by Pytel et al. (2011), it has 
been found that this method tends to overestimate the efforts 
mainly in little-sized projects that are usually required by 
SMEs. 

Therefore, for specifying the effort estimation method 
oriented to SMEs, first, the cost drivers used to characterize 
a SMEs’ project are defined (Section 4.2.1) and then the 
corresponding formula is presented (Section 4.2.2). This 
formula has been obtained by regression using real projects 
information.  

4.2.1 Cost Drivers 

Considering the features of information mining projects for 
SMEs indicated in Section 3, eight cost drivers are specified. 
Few cost drivers have been identified in this version 
because, as explained by Chen et al. (2005), when an effort 
estimation method is created, many of the non-significant 
data should be ignored. As a result, the model is pre-vented 
from being too complex (and therefore impractical), the 
irrelevant and co-dependent variables are removed, and the 
noise is also reduced.  

The cost drivers have been selected based on the most 
critical tasks of CRISP-DM methodology: Domingos et al. 
(2006) indicate that building the data mining models and 
finding patterns is quite simple now, but 90% of the effort is 
included in the data pre-processing (i.e., “Data Preparation” 
tasks performed at the phase III of CRISP-DM). From our 
experience, the other critical tasks are related to the 
“Business Understanding” phase (i.e., “understanding of the 
business’ background” and “identifying the project success” 
tasks). The proposed cost factors are grouped by three as 
follows: 



Software Engineering: Methods, Modeling, and Teaching, Vol. 2, Chapter #2, pp. 11–20 

 16 

Cost drivers related to the project: 
• Information mining objective type (OBTY) 
This cost driver analyses the objective of the information 
mining project and therefore the type of process to be 
applied based on the definition performed by García-
Martínez et al. (2011b). The allowed values for this cost 
drivers are indicated in Table 3. 
 
Table 3. Values of OBTY cost driver 

Value Description 

1 
It is desired to identify the rules that characterize the behavior or 
the description of an already known class. 

2 
It is desired to identify a partition of the available data without 
having a previously known classification. 

3 
It is desired to identify the rules that characterize the data 
partitions without a previous known classification. 

4 
It is desired to identify the attributes that have a greater 
frequency of incidence on the behavior or the description of an 
already known class. 

5 
It is desired to identify the attributes that have a greater 
frequency of incidence over a previously unknown class. 

 
• Level of collaboration of the organization (LECO) 
The level of collaboration from the members of the 
organization is analyzed by reviewing if the high-level 
management (i.e., usually the SME’s owners), the middle-
level management (supervisors and department heads) and 
the operational personnel are willing to help the consultants 
to understand the business and the related data (especially in 
the first phases of the project). If the information mining 
project has been contracted, it is assumed that at least the 
high-level management should support it. The possible 
values for this cost factor are shown in Table 4. 
 
Table 4. Values of LECO cost driver 

Value Description 

1 
Both managers and the organization’s personnel are willing to 
collaborate on the project. 

2 
Only the managers are willing to collaborate on the project while 
the rest of the company personnel is not concerned with the 
project. 

3 
Only the high-level managers are willing to collaborate on the 
project while the middle-level manager and the rest of the 
company personnel is not concerned with the project. 

4 
Only the high-level managers are willing to collaborate on the 
project while the middle-level manager is not willing to 
collaborate. 

Cost Drivers related to the available data: 
• Quantity and type of the available data repositories 
(AREP) 
The data repositories to be used by the information mining 
process are analyzed (including data base management 
systems, spread-sheets, and documents, among others). In 
this case, both the quantity of data repositories (public or 
private from the company) and the implementation 
technology are studied. In this stage, it is not necessary to 
know the quantity of tables in each repository because their 
integration within a repository is relatively simple as it can 
be performed with a query statement. However, depending 

on the technology, the complexity of the data integration 
tasks could vary. The following criteria can be used: 
- If all the data repositories are implemented with the same 
technology, then the repositories are compatible for 
integration. 
- If the data can be exported to a common format, then the 
repositories can be considered as compatible for integration 
because the data integration tasks will be performed by using 
the exported data. 
- On the other hand, if there are non-digital repositories 
(i.e., written paper), then the technology should not be 
considered compatible for the integration. But the estimation 
method is not able to predict the required time to perform the 
digitalization because it could vary on many factors (such as 
quantity of papers, length, format, and diversity, among 
others). 
The possible values for this cost factor are shown in Table 5. 
 
Table 5. Values of AREP cost driver 

Value Description 

1 Only 1 available data repository. 

2 Between 2 and 5 data repositories compatible technology. 

3 Between 2 and 5 data repositories non-compatible technology. 

4 More than 5 data repositories compatible technology. 

5 More than 5 data repositories no-compatible technology. 

 
• Total quantity of available tuples in main table (QTUM) 
This variable ponders the approximate quantity of tuples 
(records) available in the main table to be used when 
applying data mining techniques. The possible values for this 
cost factor are shown in Table 6. 
 
Table 6. Values of QTUM cost driver 

Value Description 

1 Up to 100 tuples from main table. 

2 Between 101 and 1,000 tuples from main table. 

3 Between 1,001 and 20,000 tuples from main table. 

4 Between 20,001 and 80,000 tuples from main table. 

5 Between 80,001 and 5,000,000 tuples from main table. 

6 More than 5,000,000 tuples from main table. 

 
• Total quantity of available tuples in auxiliaries tables 
(QTUA) 
This variable ponders the approximate quantity of tuples 
(records) available in the auxiliary tables (if any) used to add 
information to the main table (such as a table used for 
determining the product features associated with the product 
ID of the sales main table). Normally, these auxiliary tables 
include fewer records than the main table. The possible 
values for this cost factor are shown in Table 7. 
• Knowledge level about the data sources (KLDS) 
The knowledge level about the data sources studies if the 
data repositories and their tables are properly documented. In 
other words, if a document defining the technology in which 
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it is implemented, the features of the tables fields, and how 
the data is created, modified, and/or deleted. 
 
Table 7. Values of QTUA cost driver 

Value Description 

1 No auxiliary tables used. 

2 Up to 1,000 tuples from auxiliary tables. 

3 Between 1,001 and 50,000 tuples from auxiliary tables. 

4 More than 50,000 tuples from auxiliary tables. 

 
When this document is not available, it should be necessary 
to hold meetings with experts (usually in charge of the data 
administration and maintenance) for creating it. As a result, 
the project required effort should be increased depending on 
the collaboration of these experts to help the consultants. 
The possible values for this cost factor are shown in Table 8. 
 
Table 8. Values of KLDS cost driver 

Value Description 

1 All the data tables and repositories are properly documented. 

2 
More than 50% of the data tables and repositories are 
documented and there are available experts to explain the data 
sources. 

3 Less than 50% of the data tables and repositories are documented 
but there are available experts to explain the data sources. 

4 The data tables and repositories are not documented but there are 
available experts to explain the data sources. 

5 The data tables and repositories are not documented, and the 
available experts are not willing to explain the data sources. 

6 The data tables and repositories are not documented and there are 
not available experts to explain the data sources. 

Cost drivers related to the available resources: 
• Knowledge and experience level of the information 
mining team (KEXT) 
This cost driver studies the ability of the outsourcing 
consultants carrying out the project. Both the knowledge and 
experience of the team in similar previous projects are 
analyzed by considering the similarity of the business type, 
the data to be used and the expected goals. It is assumed that 
when there is greater similarity, the effort should be lower. 
Otherwise, the effort should be increased.  
The possible values for this cost factor are shown in Table 9. 

 
Table 9. Values of KEXT cost driver 

Value Description 

1 The information mining team has worked with similar data in 
similar business types to obtain the same objectives. 

2 The information mining team has worked with different data in 
similar business types to obtain the same objectives. 

3 The information mining team has worked with similar data in 
other business types to obtain the same objectives. 

4 The information mining team has worked with different data in 
other business types to obtain the same objectives. 

5 The information mining team has worked with different data in 
other business types to obtain other objectives. 

 
 
 

• Functionality and usability of available tools (TOOL) 
This cost driver analyzes the features of the information 
mining tools to be utilized in the project and its implemented 
functionalities. Both the data preparation functions and the 
data mining techniques are reviewed. 
The possible values of this cost factor are shown in Table 10. 

 
Table 10. Values of TOOL cost driver 

Value Description 

1 
The tool includes functions for data formatting and integration 
(allowing the importation of more than one data table) and data 
mining techniques. 

2 
The tool includes functions for data formatting and data mining 
techniques, and it allows importing more than one data table 
independently. 

3 The tool includes functions for data formatting and data mining 
techniques, and it allows importing only one data table at a time. 

4 The tool includes only functions for data mining techniques, and 
it allows importing more than one data table independently. 

5 The tool includes only functions for data mining techniques, and 
it allows importing only one data table at a time. 

4.2.2 Estimation Formula 

Once the values of the cost drivers have been specified, they 
were used to characterize 34 information mining projects 
with their actual effort collected by co-researchers as 
indicated before. A multivariate linear regression method 
(Weisberg 1985) has been applied to obtain a linear equation 
of the form used by COCOMO family methods (Boehm et 
al. 2000). As a result, the following formula is obtained: 

 
 PEM = 0.80 OBTY + 1.10 LECO – 1.20 AREP – 0.30 QTUM  

– 0.70 QTUA + 1.80 KLDS – 0.90 KEXT + 1.86 TOOL  
– 3.30  

 
where PEM is the effort estimated by the proposed method 
for SMEs (in man-month),  and the following cost drivers: 
information mining objective type (OBTY), level of 
collaboration from the organization (LECO), quantity and 
type of the available data repositories (AREP), total quantity 
of available tuples in the main table (QTUM) and in 
auxiliaries tables (QTUA), knowledge level about the data 
sources (KLDS), knowledge and experience level of the 
information mining team (KEXT), and  functionality and 
usability of available tools (TOOL). The values for each cost 
driver are defined in Tables 3 to 10 respectively of Section 
4.2.1. 

 
 
 

5 CONCEPTUAL PROOF 
 
As a way to test the proposed models, a small-sized project 
has been used. The project objective was the detection of 
evidence of causality between overall satisfaction and 
internet. The information from a survey conducted by the 
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organization to its customers has been used. This project has 
been completed successfully in 4 months with 3 people (i.e., 
the real effort has been 12 man-month). First the feasibility 
model has been performed (Section 5.1) and then the 
estimation of the required effort has been calculated (Section 
5.2). 

5.1 Analyzing the Viability of the conceptual project 

The steps proposed in Section 4.1 have been applied. The 
values of the project’s features have been identified as 
indicated by Table 11 (as indicated by step 1).  

 
Table 11. Values of the project features. 

Category ID Condition 
Assigned 

Value 

Data 

P1 
How much actual is considered the 
data from the repositories? all 

P2 
How representative is considered the 
data in the repositories in order to 
solve the business problem? 

regular 

A1 
How much the data repositories are in 
digital format? all 

A2 
How many attributes and records are 
available in the data repositories? Much 

A3 
How much credibility has the available 
data? regular 

S1 
In which degree the repository 
technology aids the manipulation of 
the data? 

little 

Business 
Problem 

P3 
How much the business problem is 
understood? all 

A4 
In which degree the business problem 
cannot be solved by traditional 
statistical techniques? 

much 

A5 
How stable is considered the business 
problem during the project? regular 

Project 

S2 
How much the stakeholders support 
the project? much 

S3 
In which degree the project plan 
considers the required time to perform 
best practices during the project? 

regular 

Project 
Team 

P4 
How much knowledge has the team 
about information mining? all 

S4 
How much experience has the team in 
similar projects? much 

 
Then, these values are converted into fuzzy intervals (as 

indicated in step 2) to calculate the interval of each 
dimension (step 3) that is shown with its graphical 
representation in Table 12.  

Later, the numerical value for each dimension and the 
overall project feasibility values are calculated (step 4) 
obtaining the following results: 

• Plausibility = 7.60 

• Adequacy = 6.27 

• Success = 5.25 

    Overall project feasibility value = 6.47 

 
 

Table 12. Conversion and fuzzy intervals calculated for each 
dimension 

Dimension ID 
Fuzzy interval of the 

feature 
Fuzzy interval calculated for 

the Dimension ( Vd ) 

Plausibility 

P1 (7.8; 8.8; 10; 10) 
(6.05; 7.12; 8.39; 8.82) 

 
The interval is greater than 

the ‘much’ value. 

P2 (3.4; 4.4; 5.6; 6.6) 

P3 (7.8; 8.8; 10; 10) 

P4 (7.8; 8.8; 10; 10) 

Adequacy 

A1 (7.8; 8.8; 10; 10) 

(4.65; 5.68; 6.91; 7.84) 
 

The interval is between 
‘regular’ and ‘much’ values. 

A2 (5.6; 6.6; 7.8; 8.8) 

A3 (3.4; 4.4; 5.6; 6.6) 

A4 (5.6; 6.6; 7.8; 8.8) 

A5 (3.4; 4.4; 5.6; 6.6) 

Success 

S1 (1.2; 2.2; 3.4; 4.4) 
(3.44; 4.62; 5.93; 6.99) 

 
The interval is greater than 

‘regular’ value. 

S2 (5.6; 6.6; 7.8; 8.8) 

S3 (3.4; 4.4; 5.6; 6.6) 

S4 (5.6; 6.6; 7.8; 8.8) 

 

 
Finally, these values are interpreted (step 5) as follows: 

since the dimension values are above the required minimum, 
their feasibility is accepted. However, it should be noted that 
although the assessment of plausibility and adequacy is 
good, for the project success is very close to the minimum 
required value. This means that during the project the 
evaluated features should be monitored more closely. From 
the overall feasibility value it can be considered that the 
project is feasible to be performed. 
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5.2 Estimating the Effort of the conceptual project 

As the project has been considered as feasible, the values of 
the cost drivers of the proposed estimation model (defined in 
Section 4.2) are identified in Table 13. With these values the 
estimated effort is calculated by applying the proposed 
formula. As it can be seen the proposal is very accurate to 
estimate the required error. The absolute error is lower than 
6 man-day (i.e., 0.18 man-month). 

 
Table 13. Values of the cost drivers. 

Category ID Value Description Value 

Project 

OBTY 
It is desired to identify the attributes that 
have a greater frequency of incidence 
over a previously unknown class. 

5 

LECO 
Both managers and the organization’s 
personnel are willing to collaborate on 
the project. 

1 

Available 
Data 

AREP Only 1 available data repository. 1 

QTUM 
Between 1,001 and 20,000 tuples from 
main table. 

3 

QTUA 
Between 1,001 and 50,000 tuples from 
auxiliary tables. 

3 

KLDS 
The data tables and repositories are not 
documented and there are not available 
experts to explain the data sources. 

6 

Available 
Resources 

KEXT 
The information mining team has worked 
with different data in similar business 
types to obtain the same objectives. 

2 

TOOL 

The tool includes functions for data 
formatting and data mining techniques, 
and it allows importing only one data 
table at a time. 

3 

Project Real Effort   =   12,00 man-month 

Effort Estimated by the Model  =   12,18 man-month 

6 CONCLUSIONS 
 
Information mining is a sub-discipline of information 
systems which provides to business intelligence the needed 
non-trivial knowledge for making decision inside an 
organization. This knowledge is (implicitly) located in the 
available data from several information sources. Although 
such projects have different features, they share some of the 
problems of traditional software engineering and knowledge 
engineering projects. Most of the projects are not 
successfully completed, ending most in failure.  

Among the reasons that produce project failure, two are 
highlighted: unmanaged risks and inaccurate estimates of 
needed resources. In order to handle these problems, two ad-
hoc models are proposed to be used at the beginning of 
information mining projects. By early detection of risks, its 
effects could be reduced during development of the project. 
First one model has the objective of the analyzing the 
feasibility of the project. This means that based on the values 

of 13 features that characterize a project, the model allows 
“calculating” if the project can be performed (i.e., its 
plausibility), if information mining is appropriate solution 
for the identified business problem (i.e., adequacy) and if the 
project accomplishment can be achieved (i.e., success). The 
model is able to manage five words for qualifying the 
features, because the engineers are not capable to answer the 
project features with yes/no or numerical values at the 
beginning of the project.  

The second model allows estimating the resources and 
time required to perform the project based on the values of 8 
project features (also known as cost drivers) and a formula. 
This model is oriented to estimate small projects which are 
normally needed by SMEs. 

Finally, a conceptual proof is presented for applying both 
models to a real performed project.  
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1 INTRODUCTION 

When a teamwork is formed for developing a software sys-
tem project, people that make up this team should be pre-
sented to each other, and they should learn about their activi-
ties. In teamwork, people are interdependent and interact 
with each other, teaming up to achieve common goals. The 
progress on Information and Communication Technologies 
(ICT) and its basic resources called Electronic Infrastructure 
(e-Infrastructure) create an environment in which even when 
a teamwork share the same physical space, team members 
make use of technology to interact with each other. This fea-
ture assumes greater significance when the team member’s 
average age belongs to the generation born in the Digital 
Age, the generation that was born and grew up using com-
puters, and is fascinated by new technologies. 

People interaction mediated by ICT brings challenges to 
software system development, especially because the tech-
nologies that are currently available do not allow the recrea-
tion of the human work experience as it occurs in a physical 
space (Bencivenga 1998), and also because there are open 
issues about privacy (Birnholtz, Gutwin & Hawkey 2007). 
However, ICT are very useful and necessary when there are 
team members who are not in the same physical space at the 
same time, or in software projects in which there are people 
who never will meet personally with other members of the 
team. Effective communication creates a link between peo-
ple who have an interest in developing the software system, 
connecting the multiples cultural environments, the different 
levels of knowledge, and the diverse perspectives and inter-
ests of both project execution and the results of this project 
(PMBOK 2008).  

Every development process used by software engineers 
for developing software systems—be it Agile, Prototyping, 
Unified Process, or any other method—has activities that are 
always in mind, as teamwork management and the manage-
ment of the knowledge that is acquired by interacting with 
the different team members, and between these system de-
velopers and the stakeholders. These professionals are peo-
ple—workers—that deal with information and knowledge. 

Demarco & Lister (1987) make use of terms as "thinking 
worker," "development worker," "knowledge worker," and 
"intellectual worker" to refer to these people, stating that 
they need to think. Poppendiek & Poppendiek (2003) em-
phasize that these people need to think in a very concentrat-
ed way to deal with the complexity that exist in the devel-
opment of software systems. The complexity of software 
systems had already been highlighted by Frederick Brooks in 
the classic paper: “No silver bullet: essences and accidents 
of Software Engineering” (Brooks 1987), in which Brooks 
argues that the large amount of distinct elements that are pre-
sent in software systems make the development of such sys-
tems more complex than any other type of human construc-
tion. 

The presence of people during the software development 
lifecycle is another factor that also brings complexity to the 
system, due to the different human being interests, desires, 
values, and emotions. Weinberg (2011) remarks that the 
programming activity of a software development process is 
not just a human behavior; it is a complex human behavior. 

People who contribute to the development of a software 
system form a Social Network, i.e., a network in which the 
interactions among people, and the interactions between 
people and technology, supports the system under develop-
ment. When this sociotechnical system is managed by using 
the technological determinism, invisible processes emerge 
and lead to the formation of informal groups of people that 
are not immediately identified by the managers of the soft-
ware development process, and whom can cause positive or 
negative impacts on people interaction and motivation. 

The management process of sociotechnical systems 
should not only focus on the human agents; disregarding the 
role that technology has in mediating people interaction 
(Niederer & Dijck 2010). The intricate interrelationship be-
tween people must not be alone at the heart of the concerns 
of a management process; it must be linked to the concerns 
about the interrelationship between people and ICTs. This 
approach aims to improve the individual performance of 
each teamwork member and the performance of the team as 
a whole, it uses ICT to transform the interaction among the 
teamwork members and to build an environment in which 
both the activities of all teamwork members and the 

Chapter #3 

Human side of software development: Teamwork as sociotechnical 
systems 

Marcel Simonette & Edison Spina 
KNOMA - Department of Computer and Digital Systems Engineering (PCS) - Escola Politécnica da 
Universidade de São Paulo, Brasil. 

  

 
 

 



Software Engineering: Methods, Modeling, and Teaching, Vol. 2, Chapter #3, pp. 21–28 

 22 

knowledge generation of all members are present (Shirky 
2008). 

This Chapter is related to teamwork management of the 
software system development process. It is focused on the 
sociotechnical system formed by the teamwork members and 
the ICTs and its e-Infrastructures used to support the team-
work practices. The Social Networks that are formed in this 
sociotechnical system allow the relationship between the 
teamwork members and the formation of group identity in 
the project context. The issue about the software system 
knowledge management is present during the software de-
velopment lifecycle, and the Social Networks can manage it 
too. The people and knowledge management of a Software 
System project is one of the social challenges for which sys-
tem thinking provides an answer to the complexity of sys-
tems, which involve not only technology, but also people. 
This is the approach used in this Chapter. 

2 SYSTEM THINKING 

System Thinking is used for addressing problems, not just 
separating them into smaller parts. Also this kind of thinking 
is useful for seeing the parts and the interrelationship be-
tween themselves and the problem. 

The Sociotechnical System handled in this Chapter is—at 
the same time—the system and the problem to be treated. 
The analysis of the system parts does not allow full under-
standing of it; it is necessary to consider the interaction be-
tween these parts and also the purpose or meaning of the 
composition of these parts, that can be understood only when 
the entire set of parts, interactions and purpose are consid-
ered, i.e., when the system as a whole is considered. Mead-
ows (2009) argue that when the relationship between struc-
ture and behavior of a System is perceived, the system has 
been understood. 

System Thinking helps in the identification, adaptation, 
and management of the options to treat a problematic situa-
tion. It provides freedom to identify both the problem root 
causes and new opportunities to either solve the problematic 
situation or to improve it. Such a solution not always solves 
the problem, but mitigates the problem symptoms (Meadows 
2009, Hitchins 2008). 

Sweeney (2001) states that system thinking allows the 
understanding of the system as a whole, instead of focus in 
small events that occur on it. Sweeney also asserts that this 
approach allows the identification of the relationships among 
system elements and how this relationship influences both 
the System behavior patterns and the events that derives 
from these relationships, including events that can affect 
other events, even if the last ones occurs long after the first. 

System thinking is useful to build an understanding of 
systems that involves not just technology, but also people. 
People are different from each other, and this leads to the 
need for a diversity of approaches to deal with systems in 
which they are present. There is no one-size-fits-all solution 
that meets all the interests, values, and intentions of the peo-

ple involved in the system development process (Meadows 
2009, Appelo 2012). 

Although System Thinking enable an approach in which 
it is possible to build up a repertoire of options to treat a 
problem, it is not possible to impose the will of the people to 
a system. According to Meadows (2009), a system cannot be 
controlled; there will be surprises and lessons learned from 
these surprises, increasing the knowledge about the system. 

System thinking is a way to hear what a system says, and 
discover how the system properties and the values of the 
people who are learning about this system can come togeth-
er. The main goal is building up something better than any-
thing else that could be built only by the will of the people 
who are related to this system (Meadows 2009). 

2.1 System thinking and system development lifecycle 

The software development process has several models of 
implementation, but the success of the engineering endeavor 
depends essentially upon how this process is managed. 

2.1.1 Hard and soft system thinking 

Hitchins (2008) states two approaches—indeed, two system 
engineering Schools—to treat problems: (1) Hard system 
school: concerning the system creation for solving the prob-
lem. The solution has a clear purpose and will be developed, 
delivered, implanted, supported, and eventually replaced at 
the end of its lifecycle. This school make use of system 
thinking in a way that is called hard system thinking, and, as 
argued by Howell (2007), it is used to achieve a progressive 
reduction in risk and to deliver a system that meets the needs 
of the users; (2) Soft system school: concerning the look for 
the problem symptoms in order to solve the problem by sup-
pressing them. It is intended to try to repair, decrease, or 
work around the symptoms. This approach make use of Sys-
tem Thinking in a way called soft system, seeking to under-
stand the problem nature, looking for practical experiences 
and interactions with the problem, trying to understand it and 
propose solutions to improve the understanding about it, to 
delivery solutions that are the possible solution to that mo-
ment. Howell (2007) argues that this approach assumes that 
a solution may be found and improved by human activity, 
which may be supported by physical devices—the hard 
problem solution. 

Hard system thinking may be successfully applied to the 
development of systems that have a clear purpose, a purpose 
that is a consensus among the people that have interest in the 
System, i.e., stakeholders and developers. However, hard 
approach may fail when applied to systems in which its 
components are human activities (human activity systems); 
soft systems have an intrinsic complexity, due to different in-
terests, purposes, desires, values, and emotions of the hu-
mans that take part on the system. Soft system thinking is an 
approach to situations in which understanding the problem is 
as important as finding a solution, situations in which raise 
issues and discuss them is fundamental to understand and get 
a consensus about the system proposal.  
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2.1.2 System development lifecycle 

Any human-made system has a lifecycle, even though it is 
not formally defined. Lifecycle models divide the system 
timeline in phases that separate the key decision points in the 
life of a system, such as: design, development, use, mainte-
nance, and disposal. There are several state-of-the-art lifecy-
cle models on software system development; any software 
engineering book has at least one. These different models do 
not have the same number of phases or the same names for 
each phase, although all models represent a system develop-
ment process, since its conception to its disposal. It is im-
portant to remark that the conception of a system is related to 
the identification and understanding of the problem to be 
treated. 

Sydenham (2003) argues that the lifecycle definition bet-
ter disseminated is the Waterfall model, which assumes that 
each phase should be completed with few concerns regard-
ing earlier phases; the cycle begins with clear and correct re-
quirements, and, if each following phase is properly execut-
ed, it is assumed that the whole system will properly work. 
This model is based on the assumption that the project can 
be perfect, there is sufficient time for the execution of each 
phase and all that is needed to the next phase will be availa-
ble.  

In a waterfall model, the users receive the system inside 
an operation environment; they are only components that are 
integrated to system in the ultimate stages. This model has 
success in the development of small systems, which can be 
replicated with few variations; system in which the problem 
to be treated is easy to understand. The engineering of a 
software system usually deals with requirements changes 
during the project lifecycle, time restrictions, inefficient in-
terfaces between the projects phases, and a scenario in which 
the problem to be treated is unstructured, without stakehold-
er consensus about what needs to be done. 

A significant improvement in this waterfall process can 
be achieved by implementing a feeding process for the next 
phases and gaining feedback process from phases previously 
completed, which may provoke re-work. Verification and 
validation between the Life Cycle phases is crucial to this 
process, which can be rethought as a V process (Fig.1) in 
which the left phases of the V-model represents the design 
activities, whereas the right phases represents the implemen-
tation phases. 

The top layers of the V-Model (Fig. 1) represent activi-
ties that are essentially human activities, a system inside the 
system to be developed, a Human Activity System. The top 
of the left side, identification of the Problematic situation—
stakeholders needs and requirements—is essentially made by 
people talking to each other (Gause & Weinberg 1989, 
Holtzblatt & Beyer 1995, Maiden 2010). The top of the right 
side, Situation Improved and Operating System, in conjunc-
tion with the validation activity between the left and right 
side, are activities that also actively involves the people that 
have some interest in the system. The approach to deal with 
this scenario is the soft system thinking. 

The lower layers of the V-Model represent activities that 
are essentially the implementation of a solution. The con-
struction of a solution with an approach to deliver a system 
that meets the needs, desires, values, and interest of the 
stakeholders, with progressive reduction in risk of failure. 
The approach to deal with this scenario is the hard system 
thinking. 
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Figure 1. System lifecycle phases forming a V process model 
(based on Sydenham 2003, Holwell 2007). 

2.1.3 Application domain and production domain  

The V-model presented in Figure 1 highlights the process of 
system development as a transition from an application do-
main (top layers) to a production domain (lower layers). 
Howell (2003) argues that during this process some varia-
tions of the system thinking are used to develop the system. 
One variation occurs in the V-left side, in which there is a 
transition from soft system thinking to the hard system think-
ing; the other one occurs in the V-right side, from hard sys-
tem thinking to soft system thinking. 

The top layers of the V-model (Fig. 1) belong to the ap-
plication domain. When the teamwork starts the V-left side, 
they deal with the interaction between reality and thought, 
and also with the interaction between problem and solution. 
Soares (1986) argues that, from these set of interactions, so-
lution is an overcoming of restrictions or improvements in an 
existing reality by means of an action, considering solution 
as an indicative of an improvement. Soares (1986) proposes 
four actions for generating a cycle to resolve a problem (Fig. 
2) in the context of the aforementioned interactions: (i) Un-
derstanding: when the team members constructs an under-
standing, an abstract representation of a real problem; (ii) 
Design: when the team members creates a response to the 
problem that satisfies the problem about thought dimension; 
(iii) Implementation: the construction of the response to the 
problem in terms of reality; (iv) Use: setting up an answer to 
the problem, in the environment of the problem. When the 
cycle composed by these four actions is finished, there is a 
solution to the problem. However, this solution can affect the 
reality, because new scenarios, not previously determined, 
can emerge in the presence of the new system, and because, 
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during the cycle, the team members and the stakeholders de-
veloped a comprehension about the reality and about the 
human and social needs, and new scenarios, not previously 
determined, can emerge (Simonette & Spina, 2011). 
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Figure 2: Evolution of actions and contexts to solve prob-
lems (based on Soares 1986). 
 

The lower layers of V-Model (Fig. 1) belong to the pro-
duction domain, in which the teamwork members make a 
concrete model that may be implemented as a system, and 
implement it. This transition from the application domain to 
the production domain is characterized by a production de-
mand, in which a system specification developed by some 
teamwork members characterizes a problem to the teamwork 
members that will implement the system. The V-left side has 
a dual character; the same artifact is both solution model and 
problem to be understood and resolved. This dual character 
is related to knowledge transfer among the teamwork mem-
bers. Figure 3 shows the transition between domains, i.e., 
soft and hard systems, and shows the interaction between re-
ality and thought, and the interaction between problem and 
solution that occur in the production domain. 
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Figure 3: Dual character of V-Model (based on Soares 
1986). 
 

3 SOCIOTECHNICAL SYSTEMS 

Maté & Silva (2005) argues that sociotechnical systems have 
features that dare the technological determinism, in which: 
(i) the technology is autonomous; (ii) individual and social 
conditions of human work must follow the technical struc-
tures; (iii) training is a process that adapts humans to ma-
chines, therefore humans can be easily replaced when it is 
necessary. 

The human aspects of teamwork members’ interaction 
are elements of a sociotechnical process in which ICTs are 
used to mediate the interaction between people. This soci-
otechnical process has an intricate network of collaboration 
between people responsible for the software system devel-
opment process and the technology used by these people to 
this proposal. 

The development processes adopted by traditional engi-
neering submit people who work and collaborate in the sys-
tem development process to labor practices as work division 
and knowledge division, following Taylorist practices of the 
technological determinism.  

Emery (1993) argues that there must be a reciprocal rela-
tionship and interdependence between humans and technol-
ogy, such that there is harmony between social and technical 
aspects of human work. This harmony allows people to use 
all the technical potential of the e-Infrastructures available 
for developing a system, and this provides an evolution of 
the understanding of the teamwork members about the needs 
the system will meet. 

4 TEAMWORK 

In this Chapter, we use the concept of teamwork rather than 
work group. A work group is characterized by the organiza-
tion, with the definition of the objectives to be achieved by 
the group, the roles of each person, and also by the interac-
tion between the people under the guidance of a leader. 
Teamwork goes beyond organization and interaction. 
Teamwork has a people motivation spirit to achieve together 
the team goals, and also the awareness by all team members 
about the importance of each one for achieving the team 
goals. 

The teamwork of a system development is a kind of so-
cial network. When this team is managed according to tech-
nological determinism principles, invisible processes emerge 
from people interrelationship, which lead to the formation of 
informal groups of people that are not immediately identified 
by the management, and these group’s structures can cause 
positive or negative impacts on team members’ motivation 
and interaction.  

The understanding of the relationship among team mem-
bers, and the understanding of the consequent relationship 
structures, supports the management of the complex relation-
ship among the team members and between these people and 
the e-Infrastructure they use to mediate the relationship. The 
sociotechnical approach is committed to improve the indi-
vidual performance of the team members and the teamwork 
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as a whole; this approach builds up an environment in which 
the activities and the knowledge of all team members are 
present, with e-Infrastructure tools transforming and support-
ing the Team members’ interaction (Shirky 2008).    

A sociotechnical management process goes beyond the 
concern about people interrelationship and relationship be-
tween people and technology; this approach is also con-
cerned with the stewardship of the living, enabling team 
learning about the system under development in a way that 
creates and add value to the own systems (Niederer & Dijck 
201, STOOS 2012). 

5 e-INFRASTRUCTURE AND ICT 

e-Infrastructures are basic ICT resources. These resources 
can be both the network infrastructure that enables commu-
nication among computers and the own computers organized 
into networks, which constitute a great computational power 
and data storage. 

e-Infrastructure enables resources, facilities and services 
to project management and cooperation, allowing the genera-
tion, preservation and exchange of knowledge (Campolargo 
2004, EC 2007).  

The operation of e-Infrastructures depends on both the 
technology developed by several engineering disciplines and 
human interfaces and interfaces with social institutions, 
called, social interfaces, i.e., the e-Infrastructure has depend-
ence on a technological infrastructure and dependence on a 
social infrastructure. 

People and the e-Infrastructure that mediate the human 
interaction are complementary parts of a system develop-
ment process. In teamwork, people and e-Infrastructure form 
a sociotechnical system that seeks to understand the problem 
that the system will deal with and also the management ac-
tivities of the development process. This e-Infrastructures 
that mediate team members interaction should be used to ob-
tain social and human benefits from the people interaction.  
However, it is still required an intensive research about these 
interaction tools, in order to be able to stimulate a broad par-
ticipation of all teamwork members. Several management ac-
tivities—related to the intensity and frequency of interaction 
among teamwork members, and the diversity of human as-
pects of the different people that make up teamwork—should 
be considered. The respect for human differences is a neces-
sary condition for management to deal with both the e-
Infrastructures (which are increasingly sophisticated) and in-
dividual realization of teamwork members. 

5.1 People-centric e-Infrastructure 

A people-centric approach to manage people and the e-
Infrastructure that mediate the human interaction creates a 
positive feedback effect to managers of the system develop-
ment process. The notion of people as another component or 
resource of the development process does not make sense in 
a creative work to deal with both information and knowledge 
and the complexity of software system development. This 

development environment demands a leadership that strive 
itself to share knowledge, project problems and decisions 
with all team members, and feedback is an important tool in 
this process; the art of collaboration is about sharing experi-
ence and thoughts.  

People-centric e-Infrastructure promotes cooperation in-
side the technological infrastructure that provides experience 
exchange and the learning from this experience that enable 
the teamwork members to face the software system devel-
opment complexity. Also, by employing a humanistic ap-
proach promoted by the people-centric management, people 
tend to work more productively and engage in collaboration 
with each other, which promotes satisfaction and motivation. 

Asproni (2004) states that there is an important relation 
between individual motivation and teamwork; the latter 
strengthens the individual commitment and willingness to 
achieve success for the whole team. 

6 SOCIAL NETWORK 

The interaction among the teamwork members leads to the 
foundation of a social network that should be analyzed in or-
der to allow the management of this team to make decisions 
and organize the team activities of the e-Infrastructures 
available. The data used in this analysis enable the under-
standing of the evolution of this social network. This analy-
sis should also identify the communication architecture and 
the interaction conditions that shape the social relations in 
the teamwork, and the relationships with the e-
Infrastructures. 

6.1 Foundation of social network 

The foundation of a social network within a teamwork of 
software system development encompasses a paradox. At the 
beginning of the teamwork lifecycle, a few team members 
interact among themselves, and also there is little content to 
attract these people. The teamwork management should en-
courage the inter-relationship and should pass the entire 
software system development lifecycle stimulating the par-
ticipation of the teamwork members. The management is al-
so responsible for both the socialization of new teamwork 
members and motivation (Kraut et al. 2010). 

Krebs and Holley (2004) and Long and Siau (2008) ar-
gue that a social network is generally built in four phases, 
each with its own distinct topology (Fig. 4). This topology 
evolution delineates the paradox of teamwork foundation 
and evolution related to the management work. The phases 
included in Figure 4 represent different relationship states 
among the team members, in which a point represents a 
member and a line represents a relationship between two 
members. Usually a teamwork starts from isolated and dis-
tributed small groups of people (clusters). After this phase, a 
leader (either a technical leader or a manager) emerges and 
starts to promote relationships and collaborations that will 
connect the separated clusters. Afterwards, when the leader, 
or leaders, changes his/their role to be a facilitator and a mo-
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tivator, the network topology changes, and the interconnec-
tions between the clusters appear (stage 3). The last phase, 
phase 4, due to the leader roles and member collaboration, 
the network topology evolve to the stage in which the net-
work core encompasses key group members who are strong-
ly connected to each other, while there are also members 
who are usually weakly connected to each other as well as to 
the core members. 
 

Stage 1: Isolated and distributed small groups. Stage 2: Leader action connect groups. 

Stage 3: Leader&as&facilitator&and&mo0vator,&
interconnec0ons&between&the&groups&appear.& 

Stage 4: Group&members&are&strongly&connected&to&
each&other.  

Figure 4: Four stages of social structures of teamwork mem-
bers (based on Krebs & Holley 2004 and Long & Siau 
2008). 
 

A social network in teamwork is a system in an unstable 
equilibrium, especially when there are members that do not 
interact physically with the environment. Some problems oc-
cur due to management activities, or inappropriate behavior 
of any team member, may cause instability in the team mem-
ber relationship. It is up to the teamwork management identi-
fying and troubleshooting these instabilities, dealing with the 
fact that, despite the spirit of team, teamwork members have 
individual purposes and motivations, sometime contradicto-
ry. Problems with such characteristics demand the develop-
ment of mechanisms for disclosure and use of information 
and are requirements for a communication architecture using 
the relationship between the social and the e-Infrastructures 
(Ahn & Dabbish 2008). 

A key issue in social network within teamwork is the un-
derstanding of the motivation of the different team members. 
This knowledge is useful to build up interventions in the 
teamwork environment that respect social issues, as security, 
freedom, and privacy. 

6.2 Networking 

Teamwork member interactions using ICT and its e-
Infrastructures is a practice that contrasts with the traditional 
computer mediated communication, with tools as e-mails and 
instant messages. Social networks that make use of e-
Infrastructures have a power of transformation that is beyond 
the simple access to information; these networks are increas-
ingly associated with contribution and collaboration. Meta-

phors based on information highways are being replaced by 
communities that capture the enthusiasm related to the con-
tent that are created by socio network members (Huang 
2009). 

The word “networking” is related to “establish relation-
ships,” and relationship is one of the most important things 
in a team. 

6.3 Social network analysis 

The network concept coming from social networks is an im-
portant concept to understand the network inside the team-
work. This concept allows the management of the infor-
mation generated and shared by the teamwork members.   

Social network analysis is an area of the social science 
that establishes a set of technics to analyze social networks. 
Such technics are based on identifying interaction patterns 
among people, following the hypotheses that social struc-
tures can affect people behavior. Social network analysis is a 
variant of network analysis, which in turn is a branch of 
graph theory (Wasserman & Faust 1994, Scott 2000). 

The main objective of studying the structure of a network 
is understanding and explaining the operation of systems that 
are built on this network. Important dynamic processes take 
place in social networks, including epistemological process-
es, dissemination of ideas and innovations, and a search for 
information. The network topology has a crucial role in de-
termining the characteristics of network dynamism (Huang 
2009).  

7 CONCLUSION 

Social networks developed by the use of e-Infrastructures 
create in the cyberspace relationships similar to the same 
ones can occur among people in a real world. These net-
works work as a platform where people communicate to 
each other and to all the people that are in the network, and 
also these people share information in a way faster than the 
classical communication tools such as e-mails, documents, 
and portals. 

It is necessary to develop a comprehensive framework to 
be used as practical guide in how to build teamwork as an 
online community that shares proposals and activities. This 
framework should also allow the prediction of the effects of 
management decisions that are related to the dynamics of the 
inter-relationship of the teamwork members during the soft-
ware system development lifecycle. We are studying and de-
veloping this framework, and we expect to treat topics as 
collective intelligence, collective action, and social creativi-
ty. Also, we want to explore some social dilemmas like pri-
vacy, freedom, and identity, which should be present in the 
social network analysis, enabling the construction of the 
management framework of software system development 
teams. 

Figure 5 shows an abstraction of the key elements in-
volved in the development of a management process of soci-
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otechnical system development teams that consider human 
dimensions in the management of the development process. 

 

 
 

 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

Figure 5: Key elements involved in the development of man-
agement process of a Sociotechnical Systems. 

The system thinking approach we are using to build this 
framework allows the identification of a diversity of issues 
about teamwork and ICT as a sociotechnical system. Our ap-
proach deals with Systems as posted by Meadows (2009): 
“We can’t control systems or figure them out. But we can 
dance with them!” 

When a couple dances, there are moments of complicity 
and relationship in which both feel pleasure in doing move-
ments according to the music. And, to make this moments 
happen, it is necessary a mutual respect, at the same time that 
the gentleman is conducting a movement… There is a free-
dom to moments of individual interpretations of the music. 
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1 INTRODUCTION 

Usability principles are a set of good software practices, 
which make an application interact according to features and 
user expectations (Ferre et al. 2003). Within these principles 
we can include the functionality of Undo/Redo, which al-
lows a user undoing or redoing an action performed by him. 
The inclusion of this functionality in a new or existing sys-
tem is not a trivial process; one of the reasons for this asser-
tion is that inclusion is usually performed in an advanced 
phase of the system development lifecycle (Ferre et al. 
2003), when there is little time for same conclusion and key 
decisions have been already taken and designed. 

These usability principles have taken the form of usabil-
ity patterns, which have been designed with the objective of 
software development as a simple and predictable process 
(Ferre, Juristo & Moreno 2004); these patterns can be de-
fined as mechanisms used during system design to provide a 
set of specific software usability features (Ferre et al. 2003). 
Some usability patterns defined in the state of the art are: 
Feedback, Undo/Redo, Cancel, Form/Field Validation, Wiz-
ard, User Profile, and Help (Juristo et al. 2005). The main 
obstacle to implement such patterns is the absence of a 
framework that contains entire including process of software 
artifact "usability functionality" in a new or existing applica-
tion—from now on host application—with emphasis on ar-
chitectural aspects, design, and performance associated with 
usability patterns. This means, patterns have to be applied ad 
hoc in each system. This implies that the cost of system de-
velopment process will increase as a result of increased 
workload caused by each design. In other way, the imple-
mentation of usability features in an advanced stage of the 
project also make certain usability features left out of the de-
velopment in order to reduce development effort.  

The objective of this Chapter is developing a framework 
with more common usability patterns. We initially selected 
the Undo/Redo pattern, which provides the functionality 
needed for undoing and redoing user actions in a system. 
Undo/Redo is a pattern commonly used in the state of the art 
(Abowd & Dix 1991); this justifies our pattern selection to 
start building the framework. 

There are other technical reasons supporting the decision 
of starting with the Undo pattern: this pattern shares much of 
its infrastructure (design, code) with other patterns—e.g., 
Redo and Cancel in the most obvious cases—but also ap-
plied to seemingly unrelated patterns, like Feedback and 
Wizard. 

Some authors have defined alternatives to Undo, focused 
on particular domains, especially in the area of text editors 
(Qin & Sun 2001; Bates & Ryan 2000). Although these con-
cepts can be exported to other domains, such alternatives are 
defined at a higher level, without an implementation that 
demonstrates their ability to be reusable in different types of 
systems; therefore, these alternatives do not solve the prob-
lem in a broad sense. 

This chapter presents a new approach to the Undo/Redo 
functionality; this efficiently addresses a subset of cases 
(stateless operations model), demonstrating the importance 
of having a semi-automated solution for the inclusion of the 
new or existing system functionality. 

The framework has been implemented as a service 
(SaaS), with a process to be orderly included into a host ap-
plication. The framework is based on the ideas of Spring 
(2011) and Hibernate (2011); finally, the team emphasizes 
on the fact that the host application must receive a reduced 
and easy modification to include the functionality. 

This paper is organized as follows. In Section 2 we de-
scribe the state of the art regarding the implementation of 
Undo. In Section 3 we present the problem to be solved, 
while in Section 4 we present the proposed solution. Section 
5 includes a proof of concept of the draft framework. Final-
ly, in Section 6 we briefly present the main contributions of 
our work. 

2 STATE OF THE ART 

The Undo/Redo functionality is a feature widely used and 
very important for a range of applications such as: word pro-
cessors, spreadsheets, graphic editors, etc.; you can refer to 
Bates and Ryan (2000) and Baker and Storisteanu (2011); 
they have patented methods for implementing the Un-
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do/Redo functionality for document editors in single-user 
environments. 

There are specific solutions for text editors that support 
sharing functionality of Undo/Redo, as in Sun (2000), Chen 
and Sun (2011), and Yang, Gu, and Wu (2004). The reason 
for the number of solutions proposed for text editors is its 
relative simplicity. Conceptually, an editor is a container ob-
ject with certain properties (form, position, etc.). Therefore, 
Undo is relatively easy to implement, storing state of host 
system in time units, e.g., i, i +1, ..., i + n, then when it per-
forms Undo commands, the container runs in reverse i + n, i 
+ n-1, i. 

A derivation of solutions for text editors is an alternative 
implementation of Undo/Redo for email systems (Brown & 
Patterson 2003). These solutions are implemented within the 
text editor that e-mail systems have. 

Undo problems in multiuser environments have also at-
tracted significant attention. Berlage (1994) and Abrams and 
Oppenheim (2004) propose the usage of Undo in distributed 
environments. Abowd and Dix (1991) propose a formal 
framework reference to define the functionality of Undo. 

In distributed environments, the solution should handle 
the complexity of the changes of shared data; this is done by 
means of a change history file (Berlage, & Genau 1993). 

Several studies have provided information on the internal 
aspects of Undo, such as Mancini, Dix and Levialdi (1996), 
which describe the features of the Undo process; even so, 
Berlage (1994) proposes the construction of a method based 
on Undo commands in graphical environments, Burke 
(2007) has worked on the concept of infrastructure (Koren-
shtein 2003) and gives guidelines for a model of selective 
Undo. 

Another aspect which has been considered is a model 
representation of users actions performed in Washizaki & 
Fukazawa (2002) this is a dynamic structure of the com-
mands executed in historical form. 

Undo functionality by representing graphical models has 
been extensively developed by Berlage (1994) who distin-
guishes between linear Undo by using an archive and a non-
linear one, which is represented by a tree graph. Some other 
branches can be opened according to user actions. Edwards 
and Mynatt (1998) also presents a graph structure similar to 
such one proposed by Berlage (1994), with tree branches 
representing a new set of actions taken by the user. Dix, 
Mancini & Levialdi (1997) work on a cube graphics to rep-
resent the history of the actions taken by the user.  Mean-
while Edwards et al. (2000) do a model of Undo actions in 
parallel threads.  Milestoning and Rollback (reported by 
O´Brain & Shapiro 2004) have used a register which tempo-
rarily stores the actions; this model has been widely used for 
its simplicity. 

All of these alternative representations of the Undo fea-
ture are valid, but is not a simple task to implement, and to 
create a new branch of action and the union of two existing 
branches is not a trivial task, as it should know all possible 
users’ paths, and consequently may be advisable to generate 
a time-ordered linear structure; this structure may be a 
queue, which is easy to deploy and manage. 

Historically, some authors have used the "Command" 
pattern to represent Undo/Redo (Buschmann et al. 1996; 
Fayard & Shumidt 1997; Meshorer 1998); this serves to 
maintain a list of commands executed by the user, but it is 
not enough to create a framework easy to add to existing sys-
tems. As detailed below, using a service model with a pro-
cess of inclusion can be more flexible, in order to integrate 
the functionality of Undo/Redo into an application. This al-
lows a greater degree of complexity in the functionality of 
Undo/Redo, based on different configurations that provide 
the service, adapting to the requirements of the host applica-
tion. Undo/Redo functionality has been also associated with 
exception handling mechanisms to reverse actions that fail 
(Shinnar et al. 2004); this model is only invoked after a fail-
ure. 

Some other authors have worked on patents, as the meth-
od for the construction of a process of Undo/Redo in a sys-
tem (Keane et al. 1996); curiously, such a paper presents the 
opposite of an undo process. 

Other authors address the complexities of Undo/Redo, as 
well; Nakajima & Wash (1997) define a mechanism for 
managing multiple levels of Undo/Redo, Li (2006) describes 
an algorithm for Undo/Redo, and Martinez & Rhan (2000) 
present a method for graphically administrating Undo/Redo. 

The biggest problem with the aforementioned projects is 
the difficulty to take the software development processes 
outside the domain of the text editor. The only notable ex-
ception is a pattern called Memento design level (Gamma et 
al. 1994). This model recovers an object to a previous state 
and provides an independent mechanism that can be easily 
integrated into a system; the main drawback is that this pat-
tern is not easy to build on an existing system. In addition, 
Memento only restores an object to a previous state and oth-
er options that the Undo pattern should include are not con-
sidered. 

The solutions presented are optimized for particular cases 
and are difficult to apply to other domains; on the other 
hand, it is necessary to include a lot of code associated with 
the Undo functionality in host application. 

3 PROBLEM 

For software applications, Undo/Redo functionality can be a 
primary or is a desirable feature. If an application is included 
in the first type, core functionality, a designer includes func-
tionality in the core of the application; these applications—
e.g., word processors, spreadsheets, email managers, instant 
messaging managers, etc.—cannot be conceived without the 
existence of Undo/Redo and the user expects the existence of 
such functionality. 

On the other hand, applications enrolled in the second 
category, desirable functionality, should include Undo/Redo 
functionality to be complete from the usability point of view; 
in this category we include management applications such as 
database systems, data loading user interface, and others. In 
the second category, system users may enter data and may 
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generate input errors, generating the need for correcting the-
se errors; in this way the functionality is a desirable feature. 

Focusing on this second category, in this Chapter we at-
tempt to answer the following questions; (a) Is it possible to 
develop an infrastructure to include Undo/Redo functionality 
in a simple and quickly way inside an existing or new appli-
cation? (b) Is it possible to define a process for detecting the 
features of Undo/Redo needed by an application? 

4 PROPOSED SOLUTION  

In this Section we detail several approaches to implement the 
Undo/Redo functionality, we compared them, and we state a 
position on each. Such approaches are: Ad Hoc, Patterns, 
Software as a Service (SaaS), Frameworks, and Processes. 

4.1 Ad Hoc 

Developer includes the Undo functionality when he/she is 
writing the application code. Neither code reuse nor practic-
es learned from previous development are considered.  One 
advantage of this alternative is that the application has all of 
the required features; the downside of is approach is that 
with every application the code needs to be rewritten, caus-
ing a higher rate of error, given that the experience of other 
applications is not transferred. Also, the functionality of Un-
do/Redo for every application always needs to be adapted.  

4.2 Patterns  

This alternative includes Undo/Redo functionality with a 
proven structure; all code is included in the host application. 
The use of patterns is a substantial advance over the Ad Hoc 
alternative, because experience has been systematized in a 
scheme that can be used in almost any application making 
the necessary adjustments. One disadvantage of this alterna-
tive is including all complexity of Undo/Redo functionality; 
this implies a considerable increase in the number of code 
lines, with the consequent tendency to add errors. This alter-
native is feasible in cases where Undo/Redo functionality is 
a core application element, e.g., a word processor. 

4.3 Software as a Service (SaaS)  

With this approach, the host application invokes Undo/Redo 
functionality through an external service. All functionality is 
encapsulated inside a service. This solution has the ad-
vantage of not increasing the code in the host application, 
thus, reducing the amount of coding errors. It also keeps 
complexity required for each application. One disadvantage 
of this solution is the method of inclusion inside the host ap-
plication; the developer includes service, based in his/her 
own experience with the Undo/Redo functionality. 

4.4 Framework  

For framework definition, authors use a set of routines en-
capsulated inside an API (Application Program Interface), 

with a certain order of invocation. In this case, the strategy 
can be combined with patterns and SaaS.  

4.5 Process 

This strategy also encompasses the use of a framework, in-
cluding a set of steps to detect the features of Undo/Redo 
necessary for a host application and a set of post implemen-
tation tasks. This alternative can be applied wherever we en-
list our solution. 

We selected a set of desirable features for the implemen-
tation of a solution in a system, and we compared them in 
Table 1.  
 
Table 1. Comparison. (Scale= NC not meet the condition, CP 
partially meets, CT fully meets the condition) 

Alterna-
tive 

Repeata-
ble 

Scalable Auditable  
Perfecti-

ble 
Transfer-

able 
Integrable 

 Ad Hoc NC NC CP CP NC NC 

Patterns CT CP CT CT CT CP 

SaaS CT CT NC NC CT CP 
Frame-
work CT CT CP CP CT CT 

Process CT CT CT CT CT CT 

 
As you can see, the implementation of a process is the 

most promising alternative for the Undo/Redo. Construction 
of the Undo/Redo functionality is hidden by the service. In 
this case each designer can include complexity in his appli-
cation and the service will be reused by different applica-
tions, whereby the construction effort is justified. 

The service has a set of screens for configuration and 
management, where data should be entered as in an applica-
tion for resource administration, and authorized users may 
load the usability requirements for the implementation and 
use for future historical analysis. 

A method for defining the data to be included in a possi-
ble service invocation is critical in order to realize success-
fully the inclusion of the service in the host application. The 
phases of the proposed process, input, and output are shown 
in Table 2 and the program flow can be seen in Figure 1. 

5 STEPS, PROBLEMS AND POTENTIAL 
SOLUTIONS 

This section presents methodological phases defining the 
inputs, outputs, and potential problems that may occur and 
the proposed solutions. 

5.1 Phase 1: Usability Analysis (E1-AU) 

Input: System Requirements (E1-AU-RS) 

Procedure: Usability Requirements Detection (E1-AU-AU). 

Output: Usability Requirements (E1-AU-RU). 



Software Engineering: Methods, Modeling, and Teaching, Vol. 2, Chapter #4, pp. 29–36 

 32 

 
 

Table 2. Phases of the proposed process (part 1 of 2). 

STEPS INPUT TASK OUTPUT 

 NAME REPRESENTATION  NAME REPRESENTATION 

1. Usability 
Analysis 
(E1-AU) 

System Requirements 
(E1-AU-RS) 

Document Usability Re-
quirements 
Detection 
(E1-AU-AU) 

Usability Requirements 
(E1-AU-RU) 

Document 

From general requirements, designer detect usa-
bility request 

Usability Requirements 

2. Logical 
Units 
Change 
Detec-
tion 
(E2-
ULC) 

Usability Requirements 
(E1-AU-RU) 

Document 

ULC Detection 
(E2-ULC-DE) 

ULC Definition  (E2-ULC-
DI) 

Document 

Define ULC relevant for Undo Data set manipulated as a unit 

3. Don’t 
Back 
Points 
Detec-
tion 
(PNR) 
(E3-
PNR) 

ULC Disign + RS 
(E2-ULC-DI)  (E1-AU-
RU)   

Document 

PNR Detec-
tion 
(E3-PNR-DE) 

PNR Definition  (E3-PNR-
DF) 

Document 

Detect circumstances data cannot be turned back 
due to data consistency 

PNR Millstones  

4. Usability 
Test 
without 
Service 
(E4-
PUO) 

Host System Software 

Usability Tests 
(E4-PUO-U) 

Usability Report  (E4-
PUO-AU) 

Document 

Usability test on Host System Usability report without service 

5. Stress 
Test 
without 
Service 
(E5-PS) 

Host System Software 
Stress Test 

(E5-PS-EPS) 

Stress Test Report 

  (E5-PS-APS) 
Document 

Stress test on Host System Stress test  report without service 

6. Service 
Configu-
ration 
(E6-CS) 

ULC Definition + PNR 
Definition  + Access 
Rights (E2-ULC-DI)  
(E3-PNR-DF) 

Software + Document 
Service Confi-
guration (E6-

CS-CS) 

Service’s configured 
(E6-CS-SC)   Software 

Load data configuration Data loaded in service 
7. Ser-

vice‘s 
Inclusion 
Method 
(E7-
MIS) 

Usability Requirements 

(E1-AU-RU)   
Document Inclusion As-

sessment 
Methods (E7-

MIS-EMI) 

Inclusion Method 
(E7-MIS-MI)   

Document 

A partir de las ULC detectadas se analiza el me-
jor método para incluir el servicio en el sistema 
anfitrión 

Definición del mejor método para inyectar el servicio 
en le sistema 
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Table 2. Phases of the proposed process (part 2 of 2). 

 

STEPS INPUT TASK OUTPUT 

 NAME REPRESENTATION  NAME REPRESENTATION 

8. Service 
Inclusion 
(E8-IS) 

Host System + Inclu-
sion Method (E7-MIS-
MI) 

Software + Document Coding a Pro-
gram (E8-IS-

PRF) 

Host System + Service’s 
Invocation (E8-IS-IS) 

Software 

Include service in host system. Service’s included 

9. Usability 
Test  
(E9-PU) 

Host System + Ser-
vice’s Invocation + Us-
ability Acceptance  

(E4-PUO) (E8-IS-IS) 

Software Usability Test 
(E9-PU-U) 

Usability Acceptance 
(E9-PU-AU) 

Document 

Usability test with service inclusion Usability test report with service 

10. Stress 
Test 
(E10-
PS) 

Host System + Ser-
vice’s Invocation + 
Stress Test Report 
(E5-PS-APS) (E8-IS) 

Software Stress Test 
(E10-PS-EPS) 

Stress Test Acceptance 

(E10-PS-APS) 
Document 

Stress test with service inclusion Stress test report with service 

11. Evalua-
tion 
(E11-
EV) 

Usability Report + Stress 
Test Report + Usability Ac-
ceptance + Stress Test Ac-
ceptation (E5-PS-APS) 
(E4-PUO-AU) (E9-PU-AU) 
(E10-PS-APS) 

Document + Doc-
ument + Docu-

ment + Document 
Evaluation 
(E11-EV-R) 

Service Inclusion Ac-
ceptance 
(E11-EV-AIS) 

Document 

Last evaluation General Acceptance 
 
 
Detail: From general requirements, the designer detects usa-
bility requests related to Undo/Redo functionality. This pro-
cess may require additional sessions with user to collect in-
formation.  

Risk: User may don’t know all usability requirements related 
to the Undo/Redo functionality.  

Solution: The designer should read system functional re-
quirements, and detect usability requirements related to Un-
do/Redo. If requirements cannot be detected, conduct meet-
ings with the user. 

 
5.2 Phase 2: Logical Units Change Detection (E2-

ULC) 

Input: Usability Requirements (E1-AU-RU) 

Procedure: ULC Detection (E2-ULC-DE) 

Output: ULC Definition (E2-ULC-DI).  

Logical Unit Definition Change (ULC): This concept refers 
to a ULC data set that should be treated as a unit for coher-
ence of system information, e.g. telephone field is composed 
of the same country code, area code and telephone number. 
These data can be entered in separate fields, but for purpose 
of Undo/Redo process, this should work as a unit, if it’s nec-

essary return to previous state service returns information 
about all related fields.  

Detail: Define ULC relevant for Undo, and detect data sets 
to be labeled as ULC. 

Risk: Designers can make mistakes in ULC process detec-
tion.  

Solution: Perform an iterative requirement process. 
 

5.3 Phase 3: Points No-Return detection points 
Detection (PNR) (E3-PNR) 

Input: ULC Design + RS (E2-ULC-DI)  (E1-AU-RU)   

Procedure: PNR Detection (E3-PNR-DE) 

Output: PNR Definition (E3-PNR-DF) 

Definition of Don’t Back Points: The PNR are system stage 
with particular domain aspects or practical limitations, sys-
tem cannot go back, these are usually in multiuser environ-
ments where changing done by one user invalid changes 
done by other.  
Detail: Detect circumstances where data cannot be turned 
back due to data consistency. 
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Figure 1. Proposed program flow. 
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5.4 Phase 4: Usability Test without Service (E4-PUO) 

Input: Host System  

Procedure: Usability Tests (E4-PUO-U) 

Output: Usability Report (E4-PUO-AU) 

Detail: The aim of the usability test is to identify complexity 
No-Return detection points in the user interface, recom-
mended method CPM-GOMS (Carrol 2003). 

Risk: Unsatisfactory evaluation. 
Solution: This has no effect on methodology strategy.   

5.5 Phase 5: Stress Test without Service (E5-PS) 

Input: Host System  

Procedure: Stress Test Execution (E5-PS-EPS) 

Output: Stress Test Report (E5-PS-APS) 

Detail: Purpose stress test is to evaluate the system’s re-
sponse with simultaneous users accessing it. 
Risk: Unsatisfactory evaluation. 

Solution: This has no effect on methodology strategy.   
5.6 Phase 6: Service Configuration (E6-CS) 

Input: ULC Definition + PNR Definition (E2-ULC-DI) (E3-
PNR-DF) + Access Rights. 

Procedure: Service Configuration (E6-CS-CS)   

Output: Service’s configured (E6-CS-SC)   
Detail: Load service configuration. 

5.7 Phase 7: Service‘s Inclusion Method (E7-MIS) 

Input: Usability Requirements (E1-AU-RU)   

Procedure: Inclusion Assessment Methods (E7-MIS-EMI)   

Output: Inclusion Method (E7-MIS-MI)   

Detail: Select the best way to include the service. This phase 
can be performed in parallel with E6-CS. 

5.8 Phase 8: Service Inclusion (E8-IS) 

Input: Host System + Inclusion Method (E7-MIS-MI) 

Procedure: Coding a Program (E8-IS-PRF) 

Output: Host System + Service’s Invocation (E8-IS-IS) 

Detail: Include the service in host system. 

5.9 Phase 9: Usability Test (E9-PU) 

Input: Host System + Service’s Invocation + Usability Ac-
ceptance (E4-PUO-AU) (E8-IS-IS) 
Procedure: Usability Test (E9-PU-U) 

Output: Usability Acceptance (E9-PU-AU) 
Detail: Evaluate user interface again with the implemented 
service. Same condition used in E4-PUO.  

Risk: Worse result than E4-PUO-AU. 

Solution: Review inclusion method.   

5.10 Phase 10: Stress Test with Service (E10-PS) 

Input: Host System + Service’s Invocation + Stress Test Re-
port (E5-PS-APS) (E8-MS-IS) 

Procedure: Stress Test (E10-PS-EPS) 

Output: Stress Test Acceptance (E10-PS-APS) 

Detail: Run stress test in host system with service. 

Risk: Worse result than E5-PS-APS. 

Solution: Review inclusion method.   

5.11 Phase 11: Evaluación (E11-EV) 

Input: Usability Report + Stress Test Report + Usability Ac-
ceptance + Stress Test Acceptation (E5-PS-APS) (E4-PUO-
AU) (E9-PU-AU) (E10-PS-APS) 

Procedure: Evaluation (E11-EV-R) 

Output: Service Inclusion Acceptance (E11-EV-AIS) 

Detail: Last evaluation and report generation. 

6 CONCLUSIONS 

In this Chapter we proposed a micro framework for includ-
ing the Undo/Redo functionality and a method to include in 
a software application that Undo/Redo is to disable function-
ality, but not core functionality, such as a word processing.  
The most outstanding feature of this micro framework is 
type information stored in order to undo the operations done 
by the users, instead of memory object states or commands 
executed by the system. 
Undo/Redo service has some significant advantages over 
other models presented; first, the simple inclusion in existing 
software, the effort compared to other models is significantly 
lower.  Second, the independence provided by the service in 
relation to the host application, the service can create sophis-
ticated models for each domain with Undo complexity en-
capsulated in a service.  Future lines of research are being 
contemplated: (a) compiler creation, (b) automatic detection 
of fields susceptible of Undo process, (c) automatic detection 
of fields susceptible of Redo process. 
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1 USABILITY 
 

Since the advent of the Personl computer (PC) technology, 

the way users interact with applications has changed dramati-

cally. Initially, the software applications were only expected 

to perform mathematical tasks and obviously spreadsheets 

were the cutting-edge. From these days, a desire grew for 

people to be able to perform tasks as naturally as possible 

with PC applications, but it was not until the 1990’s that for-

mal efforts were undertaken to define a branch of computer 

science dedicated to studying human-computer interactions 

(HCI; Nielsen 1993). HCI is devoted to the study of every-

thing concerning the relationship between man and machine, 

e.g., the devices used to understand the information displayed 

by means of user interfaces (Carroll 2006). 

In HCI, usability is one of the most studied aspects and, 

therefore, tools to measure it are very important. One of the 

biggest problems, in terms of usability measurements, is re-

lated to determine how many users are needed for running 

tests with useful results. 

1.1 Definition of usability 

According to Nielsen (1993; 2003), usability is a quality at-

tribute for assessing how easy a system user interface can be 

used. Usability is not a single-dimensional property, as it in-

cludes the following five attributes: 

 

 Learnability: users must be able to quickly start their tasks 

with the software the first time they use it. 

 Efficiency: a user who has learned to use the application 

must be able to efficiently perform his/her tasks. 

 Memorability: a user who stops using the system for a pe-

riod of time should be able to remember it and resume eas-

ily performing his/her tasks. 

 Errors: the user can make errors while using the applica-

tion and he/she should be able to recover the system from 

them. 

 Satisfaction: the software should be enjoyable to use. 

 

Usability is an issue of software acceptability, which Niel-

sen (1993) considers part of the software utility. If its attrib-

utes are not accomplished, in an acceptable level according 

to the functionality of the application, then the user will leave 

aside whole or part of the system, losing the latter the reason 

for its creation. 

1.2 Usability evaluation methods 

Usability testing is important because it can identify user 

needs and skills in the usage of a system by running early 

tests (for example, prototypes). It also permits detecting de-

sign problems during early development, where changes are 

less complex. Finally, such tests provide information should 

be considered for either the next version of the system or 

similar tools (Scholtz 2004). 

Usability is typically measured by using several methods, 

where a limited number of users perform a series of tasks be-

longing to the product you want to validate. Depending on 

the source used for the evaluation Scholtz (2004) suggests 

three kinds of methods: i) user-centered evaluations; ii) ex-

pert evaluations; and iii) model-based evaluations. 

1.2.1 User-centered evaluations 

These evaluations are performed by identifying representa-

tive users and representative tasks, and developing a proce-

dure for capturing the user problems when he/she tries to use 

particular software application to do these tasks. 

During the software development lifecycle, two types of 

user-centered evaluations can be applied: 

 

 Formative: informal tests aiming to provide information of 

users on aspects of initial designs of software develop-

ment. 

 Summative: formal tests aimed at documenting usability 

features of the developed software. 

 

The main advantage of the user-centered evaluations is the 

inclusion of real users. The results are based on the problems 

the user interface causes to representative users. This type of 
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evaluation can lead to a greater adoption of the system, ease 

of use, and a pleasant user experience (Van Velsen et al. 

2008). However, these evaluations are costly and time-

consuming. The definition of a representative number of us-

ers is difficult and also no certainty about the representative-

ness of the chosen tasks in the real scenario is attainable. 

1.2.2 Expert evaluations 

These evaluations are similar to review the software project 

design. The methods are: 
 

 Reviews of the guideline and standard compliance: exten-

sive guidelines and standards have been developed for the 

design of interfaces but their implementation depends on 

several aspects such as: the application type, the user ex-

perience, and the environment where it is used, among 

others. 

 Cognitive walkthroughs: in order to carry these out, tutori-

als are required, comprising a detailed description of the 

interface, a stage and context, the demographics of the us-

er population, and a sequence of actions the users should 

be able to perform. The person creating the tutorial evalu-

ates if the user can select the correct action, can determine 

the correctness of the selected action and can track pro-

gress towards the solution. 

 Heuristic evaluations: are the most used methods for eval-

uating whether the interface fulfills usability principles. 

Nielsen (1994a) lists seven of the most important factors 

of analysis: visibility of the system status, matching be-

tween system and the real world, user control and free-

dom, consistency and standards, error prevention, recogni-

tion, flexibility, and use efficiency. 
 

The advantage of this type of evaluation is that revisions 

are made by experts in a faster, deeper and more technical 

way than user-centered evaluations. (Hollingsed & Novick 

2007) 

Heuristic evaluations are less expensive than user-

centered evaluations, while cognitive walkthroughs only need 

a description of the interface so it can be early performed 

during the product development lifecycle. However, summa-

rizing the findings of multiple reviewers is difficult because 

they report the problems in a different way and at different 

levels. Nowadays, no agreement is reached among the scien-

tific community about how to judge the severity of usability 

problems. 

1.2.3 Model-based evaluations 

The usage of models for predicting the user performance is 

cheaper than evaluations based on users or experts, thus al-

lowing many iterations of the test. However, an initial analy-

sis of the tasks on a cognitive level is needed for creating the 

model description. Even though the analysis is time-

consuming, the model can be used for testing many user in-

terface designs. Furthermore, models should be tested for 

validation purposes. 

1.3 The importance of users 

When measuring the usability of an application it is not only 

important to consider tests and how they are conducted; it is 

also necessary to pay attention to the users who will test the 

software. It is vital to observe how a person interacts with the 

user interface. 

Galitz (2007) summarizes the human action cycle in the 

following steps: the formation of a goal, the implementation 

of actions to reach it and the evaluation of the results of said 

actions. This cycle may be completed in either short or long 

time and it may have multiple paths; therefore, the user inter-

face design should allow the tasks to be performed as quickly 

and precisely as possible. 

With the purpose of ensuring the system will be easy to 

use, the factors which make software difficult to use should 

be avoided, for example: (Galitz, 2007) 
 

 Too much flexibility, which reflects in much functionality. 

Hence, the complexity of the application is increased and, 

finally, efficiency is diminished. 

 Usage of computer slang, whose words seem to be strange 

in the context of the task to be solved. 

 Non obvious user interface design. 

 Subtle differences among similar commands, which none-

theless produce very different results. 

 Disparity in the problem solving strategy. 

 Inconsistent design, for example the same command can 

have different names. 
 

A poor design, which includes any of the aforementioned 

factors, can induce confusion, anger and/or frustration, 

among other feelings, which would make the users partially 

or totally abandon the software application, in search of other 

means to solve his problems. 

What is poor design? In what extent does an application 

have to use every usability attribute? The answers depend on 

the user characteristics, his/her experience with systems, and 

his/her experience with the tasks they wish to solve. This is 

the reason why the identification and classification of the us-

er characteristics is important for the tests. 

2 STATE OF THE ART 
 

One of the main problems for applying a usability test is es-

tablishing the simple size, since every test demands expenses, 

such as: user time, tester time, and usability laboratory time, 

among others. In order to conclude a usability test is benefi-

cial, its benefit must be greater than the cost of implementing 

it. Some authors have established rules to determine the ade-

quate sample size. Their theories are discussed in the follow-

ing subsections: 
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2.1 Why are only five users needed? 

Nielsen and Landauer (1993) showed the way to find the 

quantity of problems in usability tests with “n” users is de-

fined by the following equation: 

 

                                                         (1) 

 

where N is the total number of usability problems and L the 

discovery rate. (Virzi 1992; Nielsen & Landauer 1993). 

Nielsen (2000) states—according to the tests—the per-

formed value of L is typically 31%, which allowed him to 

conclude that 80% of usability problems can be found with a 

5-user sample. 

Figure 1 illustrates the Nielsen conclusion, by using the 

aforementioned equation. 

 
Figure 1. Percentage of problems found vs. number of users. 

Nielsen (2000) 

 

When analyzing usability problems identified by the first 

user, we obtain almost one-third of all we need to know 

about the usability of the system under evaluation. With the 

second user, some problems will be repeated and new ones 

will appear. The third user will generate a small amount of 

new data, although not as much as the first and second. As 

we add more and more users, fewer and fewer new problems 

will appear. After the fifth user, many problems are repeated 

and few are incorporated. 

Nielsen (2012) also points out that the only exceptions we 

need to consider a larger sample size are: 

 

 Quantitative studies: to obtain statistically representative 

numbers, at least 20 users are needed. 

 Card sorting: at least 15 users are needed. 

 Eyetracking: at least 39 users should be used. 

 

On the other hand, Nielsen (2000) suggests a user classifi-

cation according to his/her characteristics and the future us-

age of the system. If the system has two-user groups, three or 

four users per group should be used. If three or more groups 

are used, only three users per group should be considered. 

2.2 Why and when are five users insufficient? 

According to Perfetti and Landesan (2001), the equation 

shown in the previous section (Nielsen & Landauer 1993; 

Virzi 1992) is based on experiments performed on stand-

alone applications and small web applications. They per-

formed a test on a music store website, where they used 

eighteen users, who discovered a total of 247 problems, con-

tradicting the five user rule. They point out the five-user rule 

does not consider either the size or complexity of the system. 

Woolrych and Cockton (2001) discuss the equation pro-

posed by Nielsen and Landauer based on a real experiment 

where they conclude that L cannot be assumed to always be 

evaluated around 31%. They indicate that Nielsen and 

Landauer do not consider the impact of the differences 

among users and the way they work with the system. So, they 

propose considering such impact in order to improve the 

equation, but this better equation still has not been formulat-

ed. 

Finally, Spool and Schroeder (2001) performed test on 

four web sites, three of them corresponding to CD and DVD 

stores. In their experiments, they also showed that the affir-

mations of Nielsen (2000) were not entirely correct. Five us-

ers were not enough to find 80% of the problems. Their fig-

ures show that L is not usually around 31%. Figure 2 shows 

the relationship between L and the quantity of users for each 

system tested. As we can see, there is no clear tendency in 

order to estimate L. 

 

 
Figure 2. Spool and Schroeder estimation of L (2001) 

 

They state that we should change the way we think about 

usability engineering and even though the equation proposed 

by Nielsen and Landauer might still be useful; further work 

should be performed to improve this calculation. 

2.3 Determining the quantity of users for a small 

sample 

Turner et al. (2006)—in order to address criticism—focus on 

the following factors, mentioned by Nielsen and Landauer 

(1993), for explaining the variability of L: 

 

 Properties of the system and its interface, including its 

size. 
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 Moment of the development lifecycle in which usability 

testing is used. 

 Type and quality of the test process. 

 Tasks selected. 

 Relationship between the test and the real context in which 

the system will be used. 

 Representativeness of the selected users. 

 Evaluator skills. 

 

Turner et al. (2006) showed some ways to determine “p” 

with a reduced over estimation (p is the denomination used 

for L), and present a hypothetical example of eight users that 

discover four problems. 

Table 1 presents the results of this hypothetical test case, 

where the four columns (x-axis) represent the problems, the 

eight rows (y-axis) the problems, and in the intersections 

(x,y) the value “1” indicates that the problem “x” was found 

by the user “y”. For each user the total of problems found is 

calculated, and its proportion over the total number of identi-

fied problems. For each problem, the quantity of users that 

identified it and its proportion to the total number of users is 

also calculated. 

 

Table 1. Hypothetical test case to find p. Turner et al. (2006) 

 

Problem Number   

Subject 1 2 3 4 Count p 

1 1 0 1 0 2 0.500 

2 1 0 1 1 3 0.750 

3 1 0 0 0 1 0.250 

4 0 0 0 0 0 0.000 

5 1 0 1 0 2 0.500 

6 1 0 0 0 1 0.250 

7 1 1 0 0 2 0.500 

8 1 0 0 0 1 0.250 

Count 7 1 3 1 

  p 0.875 0.125 0.375 0.125 

 

0.375 

 

According to the table, p value is 0.375, but if adjust-

ments are applied, the p value is 0.235. The first adjustment 

applied is Good-Turing, which allows reducing the over-

estimation of p due to the small sample: 

 

                                                               (2) 

   = 0.25                                                      (3) 

 

where  is the quantity of problems only detected by 

one user (in the example, problems 2 and 4) and N is the total 

amount of problems detected. 

Then the normalization method was applied to slightly 

underestimate the problem discovery rate: 

 

                                             (4) 

 = 0.22                           (5) 

 

where n is the total number of users. 

 

Finally the average value of both adjustments gives the 

value of 0.235, an underestimated value of L. Applying the 

formula for binomial cumulative probability: 

 = 0.88, we obtain that with eight users 

88% of problems are found. 

If we took only the first four users of the test, eliminating 

problem two (since it would not be discovered) we would ob-

tain the following table: 

 

Table 2. Hypothetical test case to find p with four users. 

Turner et al. (2006) 

 

Problem Number    

Subject 1 3 4 Count P 

1 1 1 0 2 0.667 

2 1 1 1 3 1.000 

3 1 0 0 1 0.333 

4 0 0 0 0 0.000 

Count 3 2 1 

  

P 

0.75

0 

0.50

0 

0.25

0 

 

0.500 

 

We obtain p = 0.5 and applying the aforementioned adjust-

ments we obtain p = 0.28, which indicates that 73% of prob-

lems are found. 

Another hypothetical example is analyzed by Lewis 

(2001) where he presents in greater detail how the Good-

Turing and normalization adjustments can be applied to find 

a less overestimated p, and Lewis (2006) presents a sum-

mary of their previous observations. 

Nonetheless, these test cases are hypothetical, so we 

should ask ourselves: is it possible for eight users to find on-

ly four usability problems in a real system? Do these adjust-

ments really help in determining the correct sample size? 

2.4 The rule of  

Hwang and Salvendy (2010) noted that there is no consensus 

regarding sample size when applying usability testing, so 

they decided to review every work performed by the scien-

tific community where a usability test was described. 

The usability evaluation studies to be considered had to 

be used in Think Aloud tests (TA), Heuristic Evaluations 

(HE), or Cognitive Walkthrough (CW), and had to show 

numerical data. 

102 experiments on usability evaluation were found, 

which informed quantitative results, such as the overall dis-

covery rate, the problem seriousness, and other statistics, but 

only 27 which met both mentioned criterion. 

Using the overall discovery rate and the number of test 

users or evaluators as principal variables, 36 data points 

were extracted, since a single experiment could report more 

than one overall discovery rate, corresponding to more than 
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one usability evaluation method that was employed in the 

study. 

In order to find a more general rule regarding the number 

of test users or evaluators needed to reach an 80% global de-

tection rate, the lineal regression analysis depicted in Figures 

3, 4 and 5. In Figure 3 we can appreciate the lineal regres-

sion applied between the overall discovery rate and the 

quantity of users for TA evaluations found in the chosen 

studies. 

 

 
Figure 3. Linear regression of TA. Hwang and Salvendy 

(2010) 
 

In Figure 4 we can appreciate the linear regression ap-

plied between the overall discovery rate and the quantity of 

users for HE evaluations found in the chosen studies. 
 

 
Figure 4. Linear regression of HE. Hwang and Salvendy 

(2010) 
 

In Figure 5 we can appreciate the linear regression ap-

plied between the overall discovery rate and the quantity of 

users for CW evaluations found in the chosen studies. 

From this study we obtained the values shown in Table 3, 

where we can appreciate the result analysis differing from the 

approaches of the most important usability researchers and 

proposals of a new rule with the number of required users 

fixed in . 

3 CASE STUDY: ONLINE EVALUATION 

The objective of this research is to analyze, in a practical 

case, if the theories about the required sample size for usabil-

ity tests hold true. A heuristic evaluation was chosen because 

a usability laboratory is not needed to apply it, which allows 

reducing costs. 
 

 
Figure 5. Linear regression of CW. Hwang and Salvendy 

(2010) 

 

Table 3. Number of users needed for a usability evaluation. 

Adapted from Hwang and Salvendy (2010) 

References 

Usability eva-

luation met-

hods 

p 

Number of test 

users or evalua-

tors needed to 

reach 80% 

overall discov-

ery rate 

Nielsen TA 0.282 5 

Law and 

Hvannberg 
TA 0.140 11 

Nielsen and 

Molich 
HE 0.380 4 

Hertzum and 

Jacobsen 
CW 0.121 13 

According to 

the linear re-

gression 

analysis 

TA -- 9 

HE -- 8 

CW -- 11 

3.1 Evaluation design 

According to Galitz (2007) a heuristic evaluation consists of 

the search of usability problems in a system interface and has 

as advantages: low cost, ease of application, detection of 

many problems, and lack of usage or the user time. 

The process described by Galitz (2007) for the applica-

tion of a heuristic evaluation, and which was followed for the 

experiment, consists of: 

 

 Preparing the session 

o Selecting the evaluators. 



Software Engineering: Methods, Modeling, and Teaching, Vol. 2, Chapter #5, pp. 37–46 

 42 

o Preparing a summary of the project and a heuristics 

checklist. 

o Informing the evaluators about the purpose of the eval-

uation, the process, the project, and the heuristics. 

 

 Conducting the session 

o The revision of each evaluation must be individual. 

o The evaluators should: establish their own revision 

method, classify found problems according to usability 

principles, and performing at least two system revi-

sions. 

o Gathering the comments and recommendations of ob-

servers. 

o Restricting the evaluation to no more than two hours. 

 

 After the session 

o Performing an informative session between the evalua-

tors and the people charged with designing the interface 

in order to discuss the list of discovered problems and 

presented suggestions. 

o Establishing with evaluators the criticality of the dis-

covered problems. 

3.1.1 Evaluator selection 

The chosen evaluators for the test were 22 students of the 

seventh semester of the specialty of Informatics Engineering. 

They, by means of the courses in the area of Information Sys-

tems which they have taken, have accumulated knowledge on 

the principles of usability. Additionally, they are users of the 

Intranet too, which supports the system that was tested, and 

have three years using it. 

3.1.2 The evaluation 

The evaluator identified the usability problems indicating an 

example for each one and which usability principle they vio-

late. In this stage the evaluators completed a form with the 

fields reported by Table 4: 

Table 4. Evaluator form for the first stage 

Id Problem 

definition 

Characteristics / 

Specifications 

Examples Usability 

principles 

violated 

1     

2         

3       

3.1.3 Description of the evaluated system 

The evaluated system was an online evaluation designed for 

the Virtual Campus of the Pontificia Universidad Católica del 

Perú. This evaluation has initial instructions, 17 multiple op-

tion and answer questions, and final instructions. As we can 

see the tasks the user should perform with the system are few 

and exhibit low complexity. 

The initial screen of the evaluation shows the description 

of the test, the instructions, the total number of questions, the 

maximum score, the start and finish date of the evaluation 

and the observations of the options available on the test. 

The multiple choice questions only allow one answer to 

be chosen and the multiple answer questions allow more than 

one to be chosen. In any type of question an image can be 

added. 

Finally, the system shows a message stating that the eval-

uation has finished. 

3.2 Evaluation results 

Once the observations of the evaluators have been obtained, 

the data was analyzed from the perspectives described in sec-

tion 2. 

3.2.1 Problems discovered 

The problems discovered by the evaluators were merged to 

avoid repetitions, and the following list was determined: 

1. The manual does not work. 

2. Sending an email with comments on the evaluation 

terminates it. 

3. If the evaluation is closed using the close icon of the 

browser window, no message is shown. 

4. If one of the answers to a multiple choice question is 

selected, it cannot be un-selected, indicating that the 

question will not be answered; only another answer 

can be chosen. 

5. The option “Finish” indicates that the current execution 

of the evaluation has finished but not the desire of the 

user of stating that he has finished completing the 

evaluation and that his answers are final. 

6. There is no confirmation request before entering the 

evaluation. 

7. The option “Begin” allows opening the evaluation 

many times simultaneously. 

8. Incorrect use of words: different conjugations for the 

buttons and unfamiliar words for the user. 

9. The window where the hour is shown is hard to visual-

ize. 

10. Finish date does not follow the standard (dd-mm-

yyyy, hh:mm(am/pm)). 
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11. The evaluation is shown in a single page, no matter 

the amount of questions it contains. 

12. The instructions are not accessible throughout the 

evaluation. 

13. The instructions are not enough. 

14. The order of the questions cannot be changed. 

15. Empty answers can be saved. 

16. There is no distinction among saved and unsaved 

questions. 

17. You cannot save from the main window or save eve-

rything, which makes saving a time-consuming task. 

18. The “Save” option shows confirmation messages for a 

very brief time; it is unclear and does not have a uni-

form format. 

19. To restart an evaluation the user must restart his ses-

sion on the Intranet. 

20. The final window has non-relevant information. 

21. The questions that contain images require a popup 

window to show them. 

22. There is no Exit or Return option. 

23. There is no indicator of the number of tries in which a 

question was answered.  

24. The evaluation is shown in an additional window to 

the system that contains it. 

3.2.2 Analyzing the simple percentage 

Groups of three, four, five, eight, ten and twelve people were 

randomly selected to evaluate with which size 80% of the to-

tal problems could be identified. For this analysis simple per-

centages were established of problems found by group with 

respect to the total number of problems. 

With groups of three, four or five people, extreme cases 

were shown to differ in more than ten percentage points in 

the identification of problems, and are far from reaching the 

80% objective. 

Table 6 contains as many groups of three, four and five 

people can be formed. These groups are composed of people 

randomly chosen and the percentage shown is the total of 

problems found by the group with respect to the total number 

of problems. 

Due to the important difference in results shown among 

these groups, we conclude that groups of these sizes do not 

constitute a dependable sample size. 

Table 5. Simple percentage in groups of three people 

Group 1 Group 2 Group 3 Group 7 

Person 2 Person 18 Person 7 Person 6 

Person 22 Person 4 Person 9 Person 16 

Person 3 Person 17 Person 13 Person 15 

37.50% 54.17% 45.83% 33.33% 

 

Upon analyzing the data for groups of eight, ten and 

twelve people, we can appreciate, in Table 9, the percentage 

of problems found is above the desired rate, so we can con-

clude that the 10±2 rule described in section 2 is a better ap-

proximation to the 80% of problems found that we wish to 

obtain. As in the previous cases, as many groups as possible 

were formed within the total. 

 

Table 6. Simple percentage in groups of four people 

Group 1 Group 3 Group 4 Group 5 

Person 1 Person 17 Person 11 Person 18 

Person 12 Person 6 Person 21 Person 14 

Person 19 Person 7 Person 15 Person 10 

Person 13 Person 9 Person 16 Person 20 

58.33% 58.33% 54.17% 41.67% 

 

Table 7. Simple percentage in groups of five people 

Group 1 Group 2 Group 3 Group 4 

Person 2 Person 20 Person 6 Person 17 

Person 11 Person 8 Person 12 Person 5 

Person 3 Person 9 Person 22 Person 13 

Person 4 Person 1 Person 14 Person 19 

Person 7 Person 10 Person 16 Person 18 

58.33% 66.67% 50.00% 66.67% 

 

Table 8. Simple percentage in groups of eight people 

Group 1 Group 2 Group 1 Group 2 Group 1 

Person 2 Person 11 Person 2 Person 11 Person 3 

Person 4 Person 7 Person 16 Person 13 Person 4 

Person 17 Person 12 Person 20 Person 22 Person 5 

Person 20 Person 9 Person 7 Person 1 Person 7 

Person 5 Person 14 Person 19 Person 5 Person 8 

Person 19 Person 15 Person 15 Person 4 Person 12 

Person 8 Person 1 Person 8 Person 14 Person 13 

Person 10 Person 16 Person 21 Person 12 Person 14 

83.33% 79.17% Person 10 Person 17 Person 16 

  

Person 9 Person 6 Person 17 

  

75.00% 87.50% Person 20 

    

83.33% 

3.2.3 Analyzing L or p 

According to the studies described in Section 2, it is not suf-

ficient to analyze a simple percentage in order to arrive to an 

adequate sample size for usability testing. In this regard, ran-
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dom groups of three, four, five, eight, ten, and twelve people 

were formed to find L and evaluate the percentage of prob-

lems found based on L. 

Due to the complexity of the calculations only one group 

of the mentioned quantities was formed. 

Table 10 contains in the columns (x-axis) the people who 

form the group to be analyzed and in the rows (y-axis) the 

problems said group found, identified with their respective 

number. The intersections (x, y) contain an X if person “x” 

found problem “y”. At the end of the columns the total num-

ber of users who found a problem is shown, and its propor-

tion to the total number of users. At the end of the rows the 

total number of problems found by each user is shown and its 

proportion to the total number of problems. Finally, the value 

of L is shown. 

With the group of three people, L was found to be 0.56 

and 0.29 when adjusted by using the adjustments described in 

Section 2.3. This indicates that with five people 82% of the 

problems are discovered. 

 

Table 9. Finding L with three people 

  

Users 

  

  

2 14 20 Count P 

P
ro

b
le

m
s 

1 x 

 

x 2 0.67 

9 

  

x 1 0.33 

13 x 

  

1 0.33 

16 x x 

 

2 0.67 

17 

 

x x 2 0.67 

18 

 

x x 2 0.67 

19 x x 

 

2 0.67 

20 

  

x 1 0.33 

21 x x 

 

2 0.67 

Count 

 

5 5 5 15 0.56 

p 

 

0.56 0.56 0.56 0.56 0.56 

 

Table 10. Finding L with four people 

  

 

Users 

 

  

1 3 11 19 Count p 

P
ro

b
le

m
s 

1 x x x x 4 1 

3 

  

x 

 

1 0.3 

7 

   

x 1 0.3 

8 

  

x 

 

1 0.3 

9 

   

x 1 0.3 

12 x X 

 

x 3 0.8 

14 x 

   

1 0.3 

15 x 

   

1 0.3 

17 

 

X x 

 

2 0.5 

19 x X x x 4 1 

21 x X x 

 

3 0.8 

22 x 

   

1 0.3 

24 

  

x x 2 0.5 

 Count 

 

7 5 7 6 25 6.3 

 p 

 

0.54 0.38 0.54 0.46 1.92 0.48 

 

Table 11 contains data on the problems versus users for a 

group of four people, using the same organization as Table 

10. 

When taking a random group of four people it was ob-

served that L is 0.48 and 0.24 adjusted, which indicates that 

with six people 80% of problems are found. 

When taking a random group of five people it was ob-

served that L is 0.33 and 0.15 adjusted, which indicates that 

with ten people 80% of problems are found. 

 

Table 11. Finding L with five people 

    Users     

    2 4 10 12 19 Count p 

P
ro

b
le

m
s 

1 X x x x x 5 1 

2 

   

x 

 

1 0.2 

5 

  

x 

  

1 0.2 

7 

    

x 1 0.2 

9 

  

x x x 3 0.6 

12 

   

x x 2 0.4 

13 X 

    

1 0.2 

16 X 

    

1 0.2 

17 

 

x 

   

1 0.2 

19 X x 

  

x 3 0.6 

20 

 

x 

   

1 0.2 

21 X x 

   

2 0.4 

22 

 

x 

   

1 0.2 

23 

 

x 

   

1 0.2 

24 

    

x 1 0.2 

Count   5 7 3 4 6 25 5 

p   0.33 0.47 0.20 0.27 0.40 1.67 0.33 

 

Following the structure of Table 10, data was processed 

for a group of eight people, where L was found to be 0.21 

and 0.1 adjusted, which indicates that with 16 people 80% of 

problems are found. 

When taking a random group of ten people it was ob-

served that L is 0.28 and 0.19 adjusted, which indicates that 

with eight people 81% of problems are found. 

When taking a random group of twelve people it was ob-

served that L is 0.23 and 0.14 adjusted, which indicates that 

with eleven people 81% of problems are found. 
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Finally, when taking a full sample it was observed that L 

is 0.2 and 0.16 adjusted, which indicates that with ten people 

83% of problems are found. 

4 DISCUSSION OF RESULTS 
 

When analyzing groups of three, four, and six users, in the 

best of cases 67% of total problems are found, not near the 

80% objective. With groups of eight, ten and twelve people, 

the percentages approximate the desired value. 

Given that the overall rate of discovery is established as a 

cumulative binomial proportion and is calculated with the 

formula 1-[(1-L)]^n, we proceeded to study this calculation 

with groups of three, four, five, eight, ten, and twelve users, 

in order to verify the results obtained from the simple per-

centages. This rate is about 80% for ten people according to 

calculations. 

All groups formed for the calculations indicate that it is 

generally not possible to state that five or fewer evaluators 

can obtain an 80% of usability problems, as Nielsen (2000) 

affirms, and that according to simple percentages, the 10±2 

rule proposed by Hwang and Salvendy (2010) is closer to the 

objective of establishing a sample size that allows finding the 

majority of usability problems that exist in a system. 

Establishing the 10±2 rule as an undisputed truth is not 

possible since, for example, when we took a group of eight 

people the sample size grew to sixteen. This effect was pro-

duced because the amount of problems discovered by a sin-

gle user increased, as evidenced. It is therefore necessary to 

perform diverse tests on increasing number of evaluators and 

compare these data to those processed by Hwans and 

Salvendy (2010) to more conclusively verify this theory. 

5 CONCLUSIONS AND FUTURE WORK 
 

Below we present remarks and future work that were ob-

tained from this research. 

5.1 Conclusions 

From the state-of-the-art review, we can conclude the refer-

enced authors do not follow a mathematical rigor, or do not 

show it clearly, in order to establish the adequate sample size. 

The review of professionals in statistics is therefore required 

in order to establish more appropriate equations and provide 

a solid mathematical foundation for recommending what we 

expect to establish in the future. 

In more than one article, as in the experiment performed, 

we can observe that Nielsen affirmation, in which he states 

that with a sample of five users 80% of usability problems 

are discovered, is not correct, whereas the rule of 10±2 gains 

much validity. 

The experiment was performed on a simple system that 

performs a single task: taking an online evaluation. The level 

of complexity of the online evaluation is low but even then 

five users were not enough to discover the majority of the 

problems. So, Nielsen argument that for complex systems the 

sample size can be increased must be rethought. 

It is necessary to perform more experiments on the differ-

ent types of usability evaluations in order to establish better 

substantiated rules. The types of tests that must be included 

are heuristic evaluations, cognitive walkthroughs and evalua-

tions centered on the user, as they have been the most used. 

Despite the cost of executing these tests, they are the only 

way of granting more validity to the proposed methodologies. 

If we wish to rate the severity, frequency, and criticality 

of the system, we should consider the highest possible sample 

size and the expertise of the evaluators as homogeneous as 

possible. 

We strongly recommend performing a usability test, the 

only tool before execution to establish the adequate sample 

size. The equation to find L or p allows finding the sample 

size as tests are being performed and results are obtained. 

The equation to find L is useful but should be improved 

to accomplish a better validation of the sample size. The im-

provements must consider the complexity of the system to be 

evaluated and the types of users. 

Along with a better way to calculate L, it would be con-

venient to establish a methodology that, measuring the quan-

tity of representative tasks, the complexity of the system and 

classifying the types of users, suggests the most appropriate 

process for performing usability testing. This process should 

indicate the type of test should be applied; the recommended 

level of evaluator expertise; whether functionalities should be 

divided in order to apply different tests; the quantity of eval-

uators needed, among other essential details in order to con-

duct a successful test. 

Although all systems must adhere to the usability princi-

ples mentioned in Section 1, they should not do so in the 

same way. Consideration should be given to the type of user, 

the complexity of the task, the information that will be pre-

sented, the devices that will be used, and the cost-benefit of 

making more usable software. 

5.2 Future Work 

The state of the art mentioned experiments performed on 

stand-alone and client-server applications, e-commerce web 

sites, but no consideration was given to mobile applications 

in order to establish a sample size. It is therefore necessary to 

perform experiments in this type of applications, in order to 

develop a complete methodology of usability testing. 

It would also be advantageous to analyze the usability of 

different types of interaction devices, such as ATMs, video-

game consoles, Points of Sale (POS), among others, and thus 

define recommendations for the design of user interfaces. 

Another necessary work is to perform experiments to es-

tablish methodologies for the evaluation of usability that are 

more specific for certain categories of systems, such as virtu-

al stores, videogames, among others. 
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1 INTRODUCTION 
 
Electronic product development and commercialization is a 
profitable business worldwide. Indeed, technological pro-
jects based on either electronics, programming or hard-
ware/software products have experienced some progress and 
evolution (Vicente et al. 2005). Demand for such products 
has increased and better capabilities and performance are re-
quested by clients—e.g., improvement on data storage, pro-
cessing speed, and graphical quality, etc. Electronic hard-
ware development process has been the focus worldwide, 
especially in definition and modeling stages. Technological 
projects need to be well organized, including human re-
sources, raw materials, and organizational processes, in or-
der to improve quality and efficiency and diminish develop-
ment time of technological products (Ordóñez 2005; 
Rosenberg 2011; Ma & Milne, 2012). 

Software engineering theoreticians have been searching 
for the definition of better strategies for reducing technologi-
cal and methodological biases in the software development 
process (Chrissis et al. 2009; Holt & Perry 2007; Rosenberg 
2011). The search is similar for the hardware and embedded 
system development processes. However, although there are 
similarities, hardware and software projects are still differ-
ent. For example, Jacobson suggests the existence of more 
than 100,000 software development methods1 and discus-
sions related to best software development practices, while 
some lack of technical information can be detected in the 
hardware development process. Hence, software engineering 
has processes, methods, models, and languages, which in 
turn can be used on the hardware development process. 

Electronic devices have their foundations on electricity 
theories, but their modern development is based on the crea-
tion of the transistor in 1947 (Martínez & Gualda 2006). 
Transistor design is completely documented, but it is focused 
on electric/electronic circuit design by using active and pas-

                                                           
1 I. Jacobson, «The Smarter Way: The Software Engi-

neering Method and Theory Initiative (SEMAT)», sep-2009. 

sive components and transistors. Such kind of design is stud-
ied by analog and digital electronics (Blanco 2005), and 
there is no information about the product development 
lifecycle and project management related to successful elec-
tronic solutions (Sánchez 2012). Commonly, this kind of in-
formation is own by big electronic technology companies, 
and they do not make it available to all of the people. 

In this Chapter we present a state-of-the-art review and a 
summary of results about the contributions to the embedded 
system projects. We base our work in a characterization 
made in the Colombian Caribbean region by using polls and 
interviews. According to our professional experiences, we 
formulate a world-class hardware development process 
based on the contributions of software engineering to this 
field. We are looking for answers to the following questions: 
What theoretical referents are applicable to embedded sys-
tems in small enterprises? What software engineering prac-
tices can be applied to the embedded system development? 
What are the main factors belonging to adequate embedded 
system development projects? Is there any common Kernel 
between software and embedded/electronic systems? 

The remainder of this Chapter is organized as follows: 
first we present the methodology applied in this study by de-
tailing the phases developed; next, we present the software 
referents and an overview of software development methods; 
after that, we characterize the companies working with em-
bedded systems and we propose an approach to embedded 
system development based on software development pro-
jects; finally, we summarize the conclusions of this study 

2 METHODOLOGY FOR IDENTIFYING THE 
EMBEDDED SYSTEM DEVELOPMENT 
PROCESS 

 
A well-organized, systematic study is needed for analyzing 
companies with embedded system projects. Validation, com-
parison, and reuse are the main goals of such a study. Hence, 
we start by presenting a general description and then we use 
some other methodological approaches to be used through-
out the study. Consequently, we use a Work Breakdown 
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Structure (WBS) methodology, since the hierarchy-based 
approach provides some flexibility to organize the study 
from phases to tasks according to the granularity level we 
need (Project Management Institute 2006). Also, the hierar-
chical structure eases project planning and control, by 
providing deadlines and goals of the study in each phase. 
The main issues to be covered by this study are the charac-
terization of embedded system projects and the mapping 
process of them from software engineering equivalents. We 
propose some other issues like responsibility allocation, re-
source usage, and time distribution. 

The first phase is devoted to a study about embedded sys-
tem development projects. We search for the answers to the 
initial questions and the discovery of advantages and draw-
backs of hardware development in real environments. Such a 
study specifies the features and profiles of development pro-
cesses and methods. Also, we need to discover best practices 
and activities linked to the execution of electronic and em-
bedded system projects. By summarizing the results and 
comparing theoretical and practical knowledge, we can dis-
cover process features and procedure abstractions. Hardware 
companies are the natural environment for starting this 
study. 

Some patterns/models for comparing and assessing em-
bedded system development projects are available in the 
state of the art. Also, some methods, processes, and stand-
ards are available from the software engineering view-
point—e.g. CMMI, RUP, ICONIX, SCRUM, and so on—for 
giving theoretical support and guidelines to the study about 
the embedded system development. 

Since the state-of-the-art review is not enough, we pro-
pose meetings with some companies devoted to integrate 
electronic solutions including embedded systems. We need 
to capture information about the organizational procedures 
they follow. We use the CMMI v1.3 improvement model as 
a comparison framework among companies. We are search-
ing for the construction of tools for determining the goal of 
the companies, the maturity level they have, the features of 
the hardware industry, the procedures actually realized by 
the companies, and the product creation for marketing pur-
poses. We use two different tools in this phase: closed ended 
question polls and interviews. 

We use the analysis of software engineering—a similar 
engineering to electronics—trends and patterns discovered 
from company procedures, in order to get closer to the fea-
tures and profiles of processes and methods involving em-
bedded system development—e.g., electronic card manufac-
turing. We also try to discover practices to define a starting 
point for describing company activities for embedded system 
development. 

3 SOFTWARE DEVELOPMENT PROCESS 
REFERENTS 
 

For the purpose of gathering information about software and 
electronic processes and methods, we review the following 

issues: hardware and software design, co-design, embedded 
systems, explicit methodologies, agile methodologies, devel-
opment processes, and modeling languages, among others. 
Two of the most important information sources are em-
ployed: academic/theoretic world and entrepreneurial world. 
Theories are studied by academy and tested by companies. 

Some of the well-known software development methods 
have emerged from academia and incorporated by compa-
nies. Examples of such methods are extreme programming 
(XP) and the unified process (UP). Some process improve-
ment frameworks are also available, e.g., capability maturity 
model integration (CMMI) and process method improvement 
(PMI). In this study we use only the most known methodol-
ogies (Chrissis et al. 2009; Rosenberg 2011; Schwaber & 
Beedle 2001). 

A software development method is a framework for 
structuring, planning, and controlling the information system 
development process (Department of Health and Human 
Services 2008). Development methods are intended to or-
ganize and manage the work team effort, trying to ease the 
accomplishment of goals and tasks throughout the project 
development lifecycle. Software development methods have 
some features useful for adopting premises either in the 
hardware development lifecycle or the embedded system de-
velopment. By reviewing some of such features and practic-
ing them, we can establish relationships among development 
methods and assess feasibility of their application. Some of 
the identified features are further described in the next Sec-
tion. 

4 OVERVIEW OF THE SOFWARE ENGINEERING 
METHODS AND IMPROVEMENT MODELS 
 

4.1 Software development methods 
 

Unified process (UP) for developing software is an iterative 
and incremental framework based on the integration of im-
portant trends and best practices (Jacobson et al. 1999; Ja-
cobson & Ng 2005). UP projects are divided into phases and 
iterations with tangible results and increments in the result-
ing solution. UP is use-case-driven and architecture-
centered. 

Since the nineties, UP has been used by many companies 
with several implementations like Rational Unified Process 
(RUP; IBM 2003), Agile Unified Process (AUP; Ambysoft 
Inc. 2012a), Enterprise Unified Process (EUP; Ambysoft 
Inc. 2012b), Essential Unified Process (EssUP), and 
ICONIX (Rosenberg & Stephens 2007), among others. Each 
implementation has different components, resulting in either 
simplified or more complex versions. One of the main prob-
lems for using UP is related to the difficulties for implement-
ing one of the aforementioned versions—except for the case 
of AUP. In fact, small companies require too much effort 
and resource allocation for implementing some version of 
the UP, because of the need for extensive documentation. 
This fact leads to an evolution of the UP in the context of the 
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so-called agile methods, named AUP, which is more light-
weight and adaptable to change. 

UP could contribute to the embedded system develop-
ment by adding two features: (i) the use-case-driven ap-
proach for developing value-added products; and (ii) the it-
erative and incremental development. 

Extreme programming (XP) is one of the most prominent 
agile methods. XP prioritizes tasks with direct results and re-
duces analysis and design management as much as possible. 
Hence, test validation criteria are more relevant than soft-
ware documentation. According to Letelier and Penadés 
(2006), “XP is centered on empowering interpersonal rela-
tionships as a key success factor in the software development 
process. XP is concerned with promoting team work, im-
proving developer learning, and fostering organizational 
climate. XP is based on continuous feedback between stake-
holders and work teams, good communication among stake-
holders, simplicity in the implemented solutions, and cour-
age to face the changes. XP is defined as especially adequate 
for projects with uncertain, changing requirements and high 
technical risk.” These ideas are also reinforced by Chacín et 
al. (2004). 

Agile methods mainly contribute to put developer, func-
tional software, and processes at the same level (Beck et al. 
2001); also, better solutions and change adaptation are pro-
moted inside projects. 

ICONIX process is another software development meth-
od similar to the UP. As UP, ICONIX process is based on 
use cases, but is more lightweight tan UP. Even though 
ICONIX process is considered an agile method, the authors 
admit some requirements documented as needed. Hence, a 
small subset of UML diagrams is selected to be part of the 
ICONIX process, along with the robustness diagram, in or-
der to: (i) reduce the gap between analysis and design (Ros-
enberg et al. 2005) and (ii) generate source code. The 
ICONIX process emphasizes on practical issues related to 
the way in which we should develop software applications 
(Rosenberg & Stevens 2007). The main contributions of this 
method are: (i) the pragmatic, simplified viewpoint and (ii) 
the smooth transitions between project development phases. 

In the Colombian context, the UNC-Method (Zapata & 
Arango 2009; Zapata 2012)—a software development meth-
od created by researchers of the Universidad Nacional de 
Colombia—is also similar to the UP. Based on the so-called 
pre-conceptual schemas (Zapata et al. 2007), the UNC-
Method is an effort to generate several artifacts of the soft-
ware development process in a consistent way, including 
source code. A pre-conceptual schema is the starting artifact 
of the entire process and the guidance for “pushing” the in-
formation from one artifact to another, while keeping con-
cepts and relationships adequately consistent; also, pre-
conceptual schemas are close to the natural language dis-
courses made by the stakeholders, contributing to require-
ments validation. Unlike other software development meth-
ods, the UNC-Method is concerned to the problems instead 
of the solution. In fact, some of the artifacts incorporated by 
the UNC-Method come from the organizational analysis—
e.g., the fishbone chart and the KAOS goal diagram,—

because the main concern is the close relationship between 
organizational goals and problems. The UNC-Method has 
also some opportunities to offer to the embedded system de-
velopment: (i) the proximity to the stakeholder discourse is 
common to software and hardware development processes, 
when no solution is defined; (ii) the pre-conceptual schemas 
are based on conceptual graphs (Sowa 1984), which in turn 
have some equivalences for the embedded system design 
(Cyre 1995); (iii) the problem-based approach can be useful 
for designing hybrid system solutions, in which hardware 
and software can co-exist. 

 
4.2 Software improvement models 
 
Software development is supported by processes and meth-
ods and also by quality and improvement models and 
frameworks. The last ones are intended to provide guidance 
for the software development methods, but also to continu-
ously improve organizational processes and products. CMMI 
(Capability Maturity Model Integration) is one of such mod-
els. CMMI is a model for organizational improvement with 
the aim of bringing elements for enriching the entire soft-
ware development lifecycle, from definition to maintenance, 
by using self- and external-assessment. CMMI is applicable 
to teams, work groups, projects, departments, and entire or-
ganizations, and it is useful for software, hardware, and em-
bedded system development (CMMI Product Team 2010). 

CMMI specifies “what” you need to do in software de-
velopment projects without defining “how” to do it. Also, 
CMMI is useful for identifying problems of the organiza-
tions and solving them conveniently. For this reason, CMMI 
has gained acceptance among several companies—mainly in 
the service and development sector—because it eases the ac-
complishment of goals by correctly using tools and re-
sources. Some other models are useful for process improve-
ment: ITIL (Information Technology Infrastructure Library; 
Malone et al. 2008) and PMBOK (Project Management 
Body of Knowledge; Stackpole 2010). ITIL comprises con-
cepts and practices related to information technologies. 
PMBOK is a guide for managing any kind of projects; 
PMBOK has been developed by the Project Management In-
stitute (PMI). 

As well as software development methods, improvement 
models from the software engineering can positively con-
tribute to embedded system development. In this case, it is 
important to choose an improvement model to be used in 
characterizing the companies under study and defining—in a 
comparable way—the organizational procedures. CMMI is 
the option we chose for completing such a task, because it 
includes some guidance for preparing characterization tools 
(e.g., polls and interviews). Also, CMMI is useful for as-
sessing organizational processes in an ordered, staged way, 
and it can be used in hardware and embedded system devel-
opment. We also propose the observation and description of 
processes by using some polls centered on the procedures 
(“how” to do things) and getting an in-depth diagnosis of the 
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companies under study, easing the synthesis and formulation 
of some solution proposals among such companies. 

The suggested diagnosis tool is useful for identifying the 
way in which hardware and electronic companies operate 
and deducing activities, practices, disciplines, and processes 
belonging to the software industry to be successfully used in 
the hardware and embedded system development lifecycle. 
In the next Section we detail the creation and application of 
such diagnosis tool for collecting data in the companies un-
der study. 

5 A DIAGNOSIS TOOL FOR CHARATERIZING 
EMBEDDED SYSTEM DEVELOPMENT 
COMPANIES 

 
Once the theoretical framework is established and after re-
viewing methods and models belonging to the software en-
gineering, we need to characterize the way of working of 
electronic companies. We aim to determine the practical and 
actual dimension of such companies related to hardware de-
velopment methods. We use the diagnosis tool in several 
electronic companies—willing to participate in our study—
by using the following steps: (i) designing the poll; (ii) se-
lecting electronic companies with engineering projects de-
voted to apply electronics; (iii) applying the poll; (iv) estab-
lishing a non-probabilistic multi-staged-driven sample by 
using as criteria hardware and software development pro-
jects, project integration, and experience in embedded sys-
tem, system programming, automation and control systems, 
telecommunication systems and electronics. 

In the first step, we design the diagnosis tools (poll and 
interview) for determining some trends of the electronic in-
dustry. We identify the variables to be measured and the 
measurement indicator. With the variable, the indicator, and 
the theoretical framework, we define the questions related to 
the needed information. The close ended questions are based 
on the CMMI level 2 and engineering level 3 process areas 
and intended to permit statistical assessment of the answers 
with the purpose of comparing the companies under study. 
The questions are fed, assessed, and organized in an iterative 
way, so we can obtain a refined set of questions to be applied 
as a diagnosis tool. 

In the second and third steps, we contact several profes-
sionals and representatives from each selected company and 
we apply the diagnosis tool by defining poll and interview 
sessions with the stakeholders (engineers, analysts, and de-
velopers, among others). Due to the extension of the poll and 
the availability of the stakeholders, only eight companies ac-
complishing the aforementioned requirements answered the 
poll. In fact, the time needed for applying the diagnosis tool 
is eight hours. Also, the interviewers need another 40 hours 
for preparing and processing the information. Hence, time 
and number of companies are considered critical success fac-
tors in the application of the diagnosis tool to the companies 
under study. 

Some results of the diagnosis tool are presented in the 
next Section. 

6 CHARACTERIZATION AND ANALYSIS OF 
THE COMPANIES UNDER STUDY 
 

Small and medium-sized companies devoted to electronic 
and embedded system development from the Colombian 
Caribbean region (the place where this study was performed) 
act in a low profit margin market compared with another in-
dustrial sectors. Hence, either methods or explicit processes 
are scarce due to economic reasons (see Figure 1)  

 
Figure 1. Hardware-based companies managing devel-

opment methods of formal processes 
 
The deadline pressure is the root cause of this result, be-

cause the companies prefer meeting the deadlines by doing 
the minimal activities instead of extending the deadlines but 
applying a more formal set of activities. In such a case, ac-
tivities related to management, documentation, and quality 
assurance are sacrificed in order to meet the deadlines on 
time. 

Even though the knowledge about standards, methods, 
processes, and practices of the development lifecycle is still 
low (see Figure 2), the companies under study recognize 
they need to articulate such elements in the development. Al-
so, the companies have little experience in applying such 
methods, and this fact leads to insecurity when using this 
kind of methods during the development lifecycle. Quality 
activities are the first ones to be applied when formal meth-
ods are needed. However, due to the lack of positive results 
in the cost-benefit ratio, such activities are commonly left 
behind. In other cases, the lack of experienced people is the 
main reason to avoid the usage of methods and standards. 
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Figure 2. Knowledge about standards in the companies 

under study 
 
Despite the described situation, the companies under 

study clearly recognize the long-term importance of employ-
ing quality practices and activities during the development 
lifecycle. Also, most of the companies are concerned with 
the adoption of practices and baselines for improving the 
quality of the products (see Figure 3). 

 
Figure 3. Implementation of best practices for the hard-

ware product development 
 
Due to the fact that companies under study are slightly 

committed towards quality, they tend to informally use roles 
and responsibilities inside the projects they make (see Figure 
4). Some companies are closer to a complete and defined 
process, but they are a minority against the number of com-
panies with traditional, implicit role management. Even 
though development methods are not commonly applied, 
roles and responsibilities are identified and informally man-
aged. 

 

 
Figure 4. Definition of well-organized roles in hardware 

system development teams 
 
Companies under study exhibit some sort of phase seg-

mentation among projects. Such behavior resembles the 
well-known waterfall software development process model. 
The phase segmentation is useful for them because they lack 
either experienced people or knowledge about incremental, 
iterative development, as suggested by some other software 
process models. Stakeholder behavior in hardware-based 
companies is completely equivalent to those on software-
based companies. Some of the main activities performed by 
stakeholders, like requirements elicitation and validation, can 
be applied to both kinds of companies practically unchanged. 

By using past project experience and behavior, managers 
of the companies under study promote strategies for improv-
ing products and performance. In fact, managers, project di-
rectors, and development engineers reflect about the process 
and give feedback to the entire process by suggesting new or 
adapted organizational activities and strategies. However, the 
process improvement is still immature, because the suggest-
ed activities and strategies have conflicts with the need for 
delivering the products as soon as possible. Consequently, 
quality is only examined by the end of the projects and im-
provement is postponed from one project to another. Some 
knowledge about software development methods, frame-
work, and modeling languages has been detected in the 
companies under study (see Figure 5). Such knowledge is al-
so applied by some of the companies to their project devel-
opment. 

Future electronic engineers are prone to the usage of de-
sign “methods” while they are students. Some of such meth-
ods are then turn to practice into the companies. However, 
such “methods” seem not to be enough compared with the 
complexity of the software development methods, because of 
the complexity and scope of the hardware-based company 
projects. For example, well known methodologies for em-
bedded system design—such as Top-Down and Bottom-
up—are used for describing hardware in languages like 
VHDL and FPGA, but they are only practices inside more 
robust software methodologies. Use cases inside the UP can 
use such “hardware methodologies,” but the hardware de-
velopment process is only a small part of the entire software-
hardware system. 
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7 AN APPROACH TO AN EMBEDDED SYSTEM 
DEVELOPMENT METHOD BASED ON THE 
SOFTWARE ENGINEERING EXPERIENCE 

 
The results from previous Sections suggest it is possible to 
identify and adopt some software engineering practices and 
theories to be used in the embedded system development. 
Based on the close relationship between software and hard-
ware and the project-based activities common to the devel-
opment of both kinds of projects, we can propose an initial 
approach to embedded system joint development (co-design) 
or full development from the software engineering perspec-
tives. This is the aim of the study we conducted. 

The motivation for this study is based on previous expe-
riences of the authors of this Chapter related to the Colombi-

an Caribbean region projects for applying software devel-
opment methods and improvement models to embedded sys-
tem development. Some other projects have been formulated 
for future execution related to the same perspective. For ex-
ample, we have a young researcher project funded by the 
Colombian government entitled: “assessment of performance 
metrics of a digital television transmission system based on 
the DVB-T standard.” This project will try to validate a digi-
tal television emission system by using software engineering 
techniques in electronic-based development. We also have 
one proposal for applying the identified software engineering 
techniques to the embedded system development, particular-
ly to automation and control project execution belonging to a 
company under this study. 

 

 

 
Figure 5. Knowledge about software development methods, frameworks, and modeling languages 

 
 

The study performed in this Chapter lead us to propose 
the application of software engineering practices into hard-
ware development projects. For example, use cases—a dia-
gram for representing the interactions between the user and a 
software system—can be applied to the requirements elicita-
tion process in electronics and device programming. Also, 
use cases could be the starting point of the electronics and 
hardware development lifecycle, which can include some 
other phases similar to those applied in software engineer-
ing—e.g., iterative-incremental, waterfall approach, or test-
driven development. Some other artifacts, like pre-
conceptual schemas, can be useful for eliciting requirements 
in the context of embedded system development, since they 
are close to the stakeholder discourse. 

Some modeling languages, like UML and SysML, can 
play a crucial role on embedded system development pro-

jects. From design we can include sequence diagrams or 
class diagrams in order to automatically generate C language 
source code, in which we can program microcontrollers be-
longing to embedded systems. Also, by using SysML, we 
can integrate hardware description languages like SystemC 
and VHDL for achieving embedded system analysis and de-
sign. Other software development methods like SCRUM and 
UNC-Method could be directly applied to hardware devel-
opment projects, while methods like XP and ICONIX would 
need little adaptation to be useful in this context. UNC-
Method has an additional advantage: the pre-conceptual-
schema-based process can lead to the automated generation 
of source code, which is important in hybrid hardware-
software projects. 

As we could state in this Chapter, embedded system de-
velopment for small and middle-sized development and inte-
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gration companies has some requirements: (i) low complexi-
ty; (ii) orientation towards the core activities; (iii) low doc-
umentation; and (iv) quality assurance. Such requirements 
are accomplished by agile methodologies for software de-
velopment, so we believe these methods could be applicable 
to hardware development projects. 

The study performed in this Chapter also leads to another 
trend: in hardware development as in software engineering 
there is a need for refunding the methods and theories. In 
fact, Semat (Software Engineering Method and Theory) is an 
initiative led by Ivar Jacobson, looking for the definition of a 
kernel for representing a small set of practices in order to de-
scribe all of the current and future methods. In hardware de-
velopment, a similar initiative could be started for creating a 
kernel of practices and concepts for describing methods and 
planning strategies oriented towards the improvement of the 
hardware development lifecycle. 

8 CONCLUSION 
 
The main conclusion of this Chapter is related to the possi-
bilities for defining a hardware development method based 
on the previous experiences of software engineering. The 
coupling between hardware and software processes increases 
the possibilities of defining such a method. Also the similari-
ties among the development lifecycle for both hardware and 
software is another chance for defining such a method, since 
the structure of phases is practically the same: requirements 
elicitation, analysis, design, construction, implementation, 
testing, and installation. 

However, some differences can be identified between 
software and hardware development methods. Such differ-
ences are more notorious during the design and implementa-
tion phases. In this case, a hardware development method 
can include some roles and artifacts related to embedded sys-
tem design, but keeping intact the core of the methodology. 

Some other software engineering trends can be applica-
ble to the hardware development lifecycle, e.g., co-design 
(Zapata et al. 2011). In this trend, an integral solution—
including hardware and software—is included. Co-design is 
the main proof of the proximity between hardware and soft-
ware from technological, methodological, and procedural 
viewpoints. Hence, we can reinforce the idea of applying the 
Semat initiative to embedded system development and elec-
tronic technological solutions. 
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1 INTRODUCTION 
 
We propose in this chapter an alternative use of PS (pre-
conceptual schemas; Zapata et al. 2006) as knowledge repre-
sentation tools and we applied it on the TPI (Test Process 
Improvement) model (Koomen & Pol 1999). We select the 
PS because they permit specific domain knowledge repre-
sentation, easy reading, and computational treatment. 

A graphical representation is a set of elements that inter-
act according to syntax rules (Salomón 1994). We can find 
several models of graphical knowledge representation such 
as mind and conceptual maps (Buzan & Buzan 2004; Novak, 
1998). PS are other forms of graphical knowledge represen-
tation, but they are intended to represent the dialog between 
stakeholders and requirements analyst and to express such a 
dialog into a controlled language (Zapata et al. 2006). 

Test process is the key to set the scope and assure the 
quality of an information system. This process is often diffi-
cult because it requires time and resources. However, if the 
test process is not adequately done, projects can be delayed 
and more expensive. We find many models that define a set 
of processes, expertise, and good practices to be carried on 
by an organization in order to generate process improve-
ment. TPI is a model aiming to improve the test process, fo-
cused on discovering the level of maturity and the weakness-
es and strengths of the test process within the organization 
(Koomen & Pol 1999). 

Even though we can study many documents including 
several components and structure of the TPI model, such 
documents are still immature at the semantic level. Further-
more, the representation of individual components is un-
structured, leading to the need of a graphical representation 
which bundle all of the elements and features of the model. 

In this chapter we present a theoretical framework of the 
TPI model concepts and some forms of graphic representa-
tion in Section 2. In Section 3, we present the graphical rep-

resentations of the TPI model found in the state of the art. In 
Section 4 we propose the representation of TPI model by us-
ing pre-conceptual schemas. Finally, in Section 5 we discuss 
some conclusions and propose future work. 

2 THEORETICAL FRAMEWORK 

2.1 Graphical Knowledge Representation 

According to Solomon (1994), a graph is a set of elements 
interacting under either syntactic rules or conventions within 
a specific domain. Mind maps (Buzan & Buzan 2004) and 
conceptual maps (Novak 1998) are two of the most common 
examples of graphical knowledge representation. PS (Zapata 
et al. 2006) are other forms of knowledge representation, 
and they are used for graphically represent the dialogue be-
tween a requirements analyst and the stakeholders. Next, we 
show in detail such representations.  

2.1.1 Mind Maps 

Buzan and Buzan (2004) propose the mental map as a graph-
ical tool for allowing the storage, organization and represen-
tation of information in order to facilitate the learning pro-
cess. A Mind Map has three essential features: the issue, 
which is the central image, the main themes of the case that 
are branched to the central image, and the branches, which 
include an image or a keyword on a line associated (in the 
form of a connected nodal structure). 

Mind maps are not completely standardized in syntax. 
Special lines, colors, codes, images, printed material, bold 
lines, large papers, and layouts are some of the typical ele-
ments of mind maps. Mind maps involve the usage of hierar-
chy and order number, and a lot of imagination to break the 
mental blocks (Buzan & Buzan 2004). The lack of standards 
for their convention turns very complex the computational 
treatment. Figure 1 shows an example of a mind map. 
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Figure 1 Mind Map Example, taken from Buzan (2002). 

 

2.1.2 Conceptual Maps 

The conceptual map is a technique developed by Novak 
(1998) for supporting the student learning and teacher organ-
ization of the material. In this graph, concepts are confluence 
points—commonly written in capital letters—and relation-
ships are lines—usually including linking words in lower 
case letters. Two concepts next to the word-link form a 
proposition (Novak 1998). 

A conceptual map has elements and features. The three 
key elements of the graph are: the concept, which is framed 
in boxes or ellipses, the linking words (verbs, prepositions, 

articles), used to link concepts and identify the type of rela-
tionship between two words, and the proposition, consisting 
of two or more concepts gathered together by linking words 
to form a semantic unit that has a truth value (Novak 1998). 
Figure 2 shows an example of a concept map. 

Although conceptual maps have standardized conven-
tions, lack of structure in the linking words makes complex 
the computational treatment. Also, his way of reading does 
not offer flexibility, as always realize it requires a direct or-
der. 

 

 

 
Figure 2 Conceptual Map Example, taken from Cañas et al. (2000). 
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Figure 3 Pre-conceptual Schema Example, taken from Zapata et al. (2006). 

 

2.1.3 Pre-conceptual Schemas 

PS are graphical representations mapped from easy-
reading discourses expressed in UN-Lencep (Universidad 
Nacional de Colombia—Lenguaje Controlado para la Espe-
cificación de Esquemas Preconceptuales; Zapata et al. 
2006). The PS basic syntax has concepts (rectangles in 
which we can include nouns or noun phrases of the type 
noun + noun or adjective + noun. The structural relationships 
(ovals with solid border) are the conjugated verbs "is" and 
"has". The dynamic relationships (with dotted ovals) are 
verbs of action. The implications (thick arrows) represent the 
sequence in which actions are taken. The instances (dotted 
rectangles) are used to represent the possible values of a 
concept. The connections (thin arrows) represent the rela-
tionships and connections between concepts (Zapata et al. 
2006). Additionally, with this schema you can start reading 
from any position in the schema without losing the sense of 
its contents. Figure 3 shows an example of a pre-conceptual 
schema. 

2.1.4 The software test process 

The test process of a software application is an activity per-
formed for evaluating and improving the product quality by 
identifying defects and problems. We usually test software 
for verifying the behavior of a running program against its 
expected behavior, by using a finite set of test cases, ran-
domly selected from the implementation domain (Abran et 
al. 2004). 

This process is often complex, because it requires a big 
amount of time and resources, especially when steps and 
commands to be followed are not clearly stated. For this rea-
son, many development teams avoid the test process and 
constraint the analysis to the comparison of the application 
vs. the user requirements. Nevertheless, when the develop-
ment team fails to complete the test process, it can waste 
time and money (Koomen & Pol 1999). Test process is 
evolving; in ancient practices, it is assumed that testing is a 
task beginning only when the programming phase is com-

pleted and with the only purpose of detecting bugs. Current-
ly, test process is seen as an activity frequently present 
throughout the software development lifecycle as an im-
portant part of building the product (Abran et al. 2004). 

3 BACKGROUND 
 
Koomen and Pol (1999) propose a graphical representation 
of the TPI model. The figure 4 describes the maturity matrix 
model, which consists of key areas containing levels, check-
lists, and suggestions for improvement. This is the most 
common way to represent the global TPI model. 

Table 1 represents the maturity matrix of the suggested 
TPI model. The matrix includes 20 key areas and the respec-
tive correlative levels. Each layer is composed of a maturity 
scale ranging from 1 to 13. 
 

 
 
 
 

 
Figure 4 Diagram of the Maturity Matrix belonging to the 

TPI model, taken from Koomen & Pol (1999). 
 
Similarly, Figure 5 shows the activities to be developed 

within a process improvement. For each level of the TPI 
model, the development team should meet certain require-
ments and verifications of previous levels in each key area. 
Additionally, the figure 6 is a basic illustration of the meth-
odology behind the TPI Model. Such a figure provides a 
general idea for implementing the model into an organization 
(Koomen & Pol 1999). 

Test Maturity Matrix 

 
Checkpoints 

Levels 

Improvements Sugges-
tions 

Key Areas 
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The graphical representations—presented in the figures 4 
and 5 and the table 1—come from the state of the art and 
they are related to the knowledge representation of the TPI 
model. These representations allow us to appreciate the in-
formation in an easy way, although they are substantially 
separated and independent, preventing full integration of all 
concepts of the model. In addition, such representations do 
not allow a computational treatment of the knowledge relat-
ed to the TPI model. 

4 DEVELOPMENT 
 
The aforementioned evaluation of graphical knowledge rep-
resentation tools and their advantages and disadvantages, 
lead us to decide the usage of PS for semantically represent-
ing the TPI model. We aim to provide a proposal with the 
possibility of computational treatment, easy to read, and sol-
id in structure. Also, in this solution we facilitate the under-
standing of the TPI concepts, which summarizes model in-
formation, as shown in Figure 7. 

We extract concepts for building the PS from Koomen & 
Pol (1999). They seek to improve the test process of an or-
ganization, as an attempt to add quality to the process and 
product tested within an organization. 

However, it should be noted that the PS allow a graphical 
representation of the knowledge and facilitate the computa-
tional processing of the information therein contained. 
Therefore, the usefulness of the PS presented in this Chapter 
can also provide a platform for developing the assessment 
tool to the test process maturity inside an organization. 

5 CONCLUSIONS AND FUTURE WORK 
 
We performed a graphical representation of the TPI model 
by using a PS, which allows for a semantic representation of 
the model. By using this representation, we were able to uni-
fy the relevant concepts of the model. We made an analysis 
of some representation methods and we opted for the usage 
of PS, due to the benefits these schemas offer. It was thus 
possible to use a language closer to the natural language, 
easy to understand, and adjusted to the domain of the test 
process. We also recognized and obtained a schema with 
computational treatment. 

The graphical representation proposed in this chapter was 
presented as an alternative to improve the apprehending of 
knowledge processes related to the TPI model, allowing for 
a comprehensive and visual representation of TPI model, 
combining features and concepts to help understand and 
model development both in industry and in the classroom. 

The future work about this issue is the possibility of sup-
plementing the TPI model representation, so that it goes on 
to more detailed items like the features of the key areas, the 
relationships between the different key areas for greater ma-
turity; implementation of the model and associated activities, 
including other models for improving the testing process, to 
assist or complement and enhance understanding of the asso-
ciated tasks. 

Since PS provide computational treatment, we propose 
the usage of this graphical representation into the develop-
ment of a software application that supports the implementa-
tion of the TPI model within an organization. 

 
 

 

Id	
Level

Key	areas	
Controlled� Efficient	 Optimizing	

1 2 3 4 5 6 7 8 9 10 11 12 13 

1	 Test strategy A     B    C  D  
2	 Life-cycle model A   B          
3	 Moment of involvement  A    B    C  D  
4	 Estimating and planning   A       B    
5	 Test specification techniques A  B           
6	 Static test techniques    A  B        
7	 Metrics     A   B   C  D 
8	 Test automation   A    B   C    
9	 Test environment   A    B      C 
10	 Office environment   A           
11	 Commitment and motivation A    B      C   
12	 Test functions and training   A   B   C     
13	 Scope of methodology    A      B   C 
14	 Communication  A  B       C   
15	 Reporting A   B  C     D   
16	 Defect management A    B  C       
17	 Testware management  A   B    C    D 
18	 Test process management A  B        C   
19	 Evaluation      A   B     
20	 Low-level testing    A  B  C      

Table 1 TPI Maturity Matrix, taken from Koomen & Pol (1999). 
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Figure 5 TPI Model Application, taken from Koomen & Pol (1999). 
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Figure 6 Methodology behind the TPI Model, taken from Koomen & Pol (1999). 
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Figure 7 Graphical Representation of Model TPI, made by the authors. 
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1 INTRODUCTION 
 
Innovation is one of the branches of the worldwide 
tendencies. Companies in productive sectors, services, 
research, and government are creating new developments 
which minimize costs, reduce manufacturing times, increase 
profitability, and deliver added value to all of the users 
(Shuangqin 2009). According to the Oslo manual, innovation 
is defined as the implementation of a product (good, service, 
process), new or significantly improved which is 
incorporated into the market (Oslo 2005). 

The strategies for innovating have changed through the 
ages. Initially they were the basis for individual work; after 
that, they were an evolution toward small groups which 
interacted to generate goods and services; and nowadays, 
thanks to the features of information and communication 
technologies (ICT), it is possible to collaborate with massive 
groups in which, even, the stakeholders may or may not 
know themselves. This strategy is known as Co-Creation, 
and it is defined as a way to interact with customers, 
employees, providers, or any stakeholder, giving new 
methods to compromise each individual. Interaction is 
reached by using Web platforms and face-to-face meetings, 
allowing emerge creative energy of each one (Gouillart 
2010). 

Nevertheless, innovation processes which are focused 
under co-creation are highly sensitive to the disposition the 
stakeholders manifest in the developed tasks. So, it is 
necessary to start ensuring the interactions with the 
stakeholders can ease co-creation experiences, which are 
based on four building blocks (identified by the DART 
acronym): dialog, ubiquitous access, risks/ benefits, and 
transparency (Prahalad & Ramaswamy 2004). Whether 
dialog is founded on will, compromise, and ability among 
stakeholders, then the building blocks of co-creation are 
going to be guaranteed. However, there is dependence 
among dialog, ubiquitous access, and transparency given that 
whether these elements are missed, the interaction among the 
parts would be weakened, and the co-creation would be 
unsuccessful.  

In order to satisfactorily achieve co-creation, it should 
exist, in addition, flexibility to contribute to new ideas. Such 
flexibility should not be dependent on place or access 
medium.(Kaasinen 2011). Flexibility is also referred to those 
methods by which the stakeholders can participate in the 
process, enhancing the user experience. 

Co-creation is satisfactorily achieved by means of 
inclusions of ubiquitous environments, because it can be 
proved—by using successful stories about collaborative 
tasks—they satisfy particular needs in several domains. 
Ubiquitous environments are defined as systems whose 
technological elements are inserted into daily tasks; 
guaranteeing the interaction between the user and such 
elements is not inhibited for any reason or circumstance 
(Weiser 1993), without interposing time or place boundaries, 
and allowing simultaneity and concurrence among users. 
Several successful cases are mostly found in industrial 
applications (Emerson_Process_Management 2010), health 
and care (Kumar, Begum et al. 2010) and government (Tack-
Don et al. 2005). Such environments positively impact on 
dialog, ubiquitous access to information, and transparency in 
the co-creation context; due to the last one the collaboration 
core is developed (Schrage 1995), even though they have not 
been used in the innovation domain.  

Most of the contributions related to ubiquitous 
environments for doing collaborative tasks are strongly 
focused on the design phase, leaving aside the importance of 
making the requirements engineering phase for guaranteeing 
the completeness of each solution, showing a need which 
redound to a new problem. Even though those contributions 
are a theoretical support for the survey we will present, 
including an additional study to deliver a specific 
requirements catalog in the punctual domain of innovation 
under co-creation focus. 

From the requirements engineering point of view, it may 
be thought an architecture as a set of requirements the 
ubiquitous environment has to meet (Herskovic et al. 2011). 
In this Chapter we present the results of non-functional 
requirements elicitation via ABC Besoins (Urrego 2005) and 
NFR Framework (Chung et al. 1999). The collected set of 
requirements will allow us to propose the first approximation 
to the Ubi-PlatInno Platform. 
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The rest of this Chapter has the following organization: in 
Section 2 we will present several proposals about platforms 
in ubiquitous environments in several domains, contrasting 
their features and the methodologies used to capture non-
functional requirements. In Section 3 we apply the 
methodologies and we get the set of non-functionalities 
needed to propose Ubi-PlatInno. In Section 4 we show a 
comparison among the requirements elicitation techniques 
we use. In Sections 5 and 6, we present conclusions and 
future work. 

2 RELATED WORK 
 
In this section we review two issues: first, the contributions 
which help to identify, in general terms, ubiquitous 
environment architectures; second, the explanation of two 
methodologies about requirements elicitation. Both issues 
will support the contributions which are related to ubiquitous 
environments architectures in co-creation domains. 
 

2.1. Ubiquitous Environment Architectures 
 
A brief comparison of four methodologies to build the 
architecture of any ubiquitous environment is shown in Table 
Table 1. 
 
Table 1. Comparison of several architecture proposals about 
Ubiquitous Environments 

 
As a guide to propose the architecture, we searched in 

this survey the type of architecture, its components, and 
finally, a hypothetical set of requirements which the author 
suggests for their own architecture. 

As shown in Figure 1, the architecture based on layers is 
chosen by three authors, and the architecture based on agents 
is the election of the others. However, it is recognized that all 
of them always include (despite the nature of the 

architecture) a “layer” where data should be captured to 
capture the context (sensors, physical conditions surrounding 
each stakeholder), another part where all the participants are 
synchronized (protocols, data transference management, 
routing of information), and finally, a component where 
application issues are solved (such as the services which 
should be offered to stakeholders). 

Furthermore, in the architectures suggested by the 
authors, only one of them includes a catalog of requirements 
that will be useful for the work developed here. These 
requirements are classified according to the next categories: 
flexibility, protection, communication, heterogeneity, 
interoperability, networking, user awareness, and data 
availability (Herskovic et al. 2011). In the following sections 
we show some requirements needed for co-creation are 
encapsulated by this categorization. 

In this work, we search for a particular set of 
requirements to propose an architecture for ubiquitous 
environments supporting co-creation. So, we use two 
methodologies to capture non-functional requirements, and 
the result may be contrasted with the contribution made by 
(Herskovic et al. 2011). For this reason, it is necessary to 
briefly describe the contents of each methodology. 
 
2.2. Methodologies for Requirements Elicitation 
 
We chose two methodologies to capture the non-functional 
requirements of the platform. First, ABC Besoins is applied 
(Urrego 2005). In order to present a contrast between ABC 
Besoins and the elicitation made by Herskovic et al. (2011), 
we chose NFR Framework (Chung et al. 1999). Such 
framework is easy to apply and highly recognized (more than 
300 citations of this work have been found by using the 
metrics provided by Google Scholar). 
 

2.2.1. ABC Besoins Methodology 

This methodology is based on the approach of three 
objectives: context, organizational and system. The 
organization of these objectives is semantically congruent 
and evolves stakeholders, methods, tools, situations, objects, 
and means. The social context objective prints future 
projections in a particular field, in a general and abstract 
way, in this case, co-creation. The organizational objective 
expresses needs which a particular organization or a set of 
stakeholders has, around a proposed solution, with well-
expressed solutions and means. The system objective 
expresses, in a general way, the solution which will solve the 
identified needs in both organizational and context 
objectives. 

After that, the author proposes to build the Context 
Model of Solution Use (CMSU). With this model it will be 
possible to identify all the stakeholders involved in the 
solution (thus, it is possible to know deeply the relationships 
among them). As well, it should be built the Structure of 
Services and Objects of Domain (SSOD), which is focused 
on the solution and its tools (using relationships of 
specialization, generalization, aggregation, etc). Thus, 
possible services will be captured. 

Author 
Type of 
Architecture 

Layer / 
Components 

Requiremen
ts Elicitation 

(Hong et al. 
2009) 

Layers 

User 
Infrastructure, 
Application, 
Middleware, 
Network, 
Research 

No 

(Herskovic 
et al. 2011) 

Layers 
Link Types, Data 
Synchronization, 
Application 

Yes 

(Strang et 
al. 2003) 

Agents  

Context Provider, 
Customer 
Provider, 
Intermediate 
Module, Services 
Directory, 
Services Provider 

No 

(Khedr & 
Karmouch 
2004) 

Agents / 
Layers 

Context 
Management, 
Ontology, 
Inference, System 
Knowledge, Event 
Monitoring, User, 
Sensors, Services 

No 
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3. Information Supply: both users and administrators 
should have information available to interact within this 
environment. A knowledge base will be built with the 
experiences of each stakeholder. In the case of 
administrators, technical information will be presented 
about learning and field experiences as well as the 
correct way to parameterize services. In the case of 
users, they will be trained about the solution as well as 
the co-creation techniques which will serve to transfer 
knowledge about the domain. 

4. Localization: by means of position sensing it will be 
possible to understand which services should be 
provided as well as the best co-creation technique that 
might be applied according to the user current position. 

5. Stakeholder Management: A ubiquitous environment 
has to provide services to guarantee interoperability of 
devices, including input/output interface management, 
telecommunication protocols management, and at the 
same time, user management to determine, according to 
each profile, which functions will be available. In 
addition, according to the co-creation techniques used, 
to find groups which work in the same type of 
technique. 

6. Environment Intervention: The ubiquitous environment 
will be able to sense changes to show services according 
to particular situations. Besides, it should capture 
preferences and common parameters associated to each 
user in order to decrease future configurations. 
 

3.1.4. Requirements 

With the inputs built in the last items, the elicitation can be 
built by using the requirements taxonomy shown in Table 2. 
Each couple of stakeholders has to fill a couple of forms; 
however, the whole development will not be shown because 
of the length. Nevertheless, a set of general requirements will 
be provided to support the construction of Ubi-PlatInno. 

As a particular example, the construction of the table 
between innovative company and the organization that 
supports ubiquitous services is shown in Table 3. 

 
3.2. NFR Framework 

 
3.2.1. Global Non-functional requirements 

As we said in the section 2.2.2, a brief domain analysis has to 
be done. 

In Table 1 we show that architectures based on layers 
have been chosen for several ubiquitous environments 
(Khedr & Karmouch 2004; Hong et al. 2009; Herskovic et 
al. 2011). It suggests the first approach should be based on 
layers. 

According to the non-functional requirements taxonomy 
shown by the ISO/IEC 9126 standard, global non-functional 
requirements will be grouped into the following categories: 

 
- Functionality: it includes suitability, accuracy, 

interoperability and security. The ubiquitous 
environment should supply these non functional 
requirements in order to get flexible the interactions 
among stakeholders. 
 

Table 4. Example of requirements elicitation by using ABC 
Besoins. 

Main stakeholder (MS): innovative company 

Interacting stakeholder (IS): organization that supports ubiquitous services 

Category: description and categorization of agents and objects within a domain 

Needs Non-functional 
requirement 

MS requires from IS: 
 Sense and save network parameterizations including 

number of connected devices, bandwidth, latency, error 
information. 

 Adaptability according to current network constraints. 

 Friendly software with graphic interfaces. 

 Software thought to minimize battery consumption. 

 Customization according the needs or innovation 
strategies chosen. 

Data backup; 
Adaptability; 
Usability; Efficiency 
about power 
consumption; 
Customization. 
 

 

Category: availability of objects 

MS requires from IS a high air time percentage related to 
the offered services. 

Availability; Stability; 
Quality of Service 

Category: convocation for agents/existence of agents 

MS requires from IS an efficient strategy to be visible such 
as the new ways to capture ideas in a co-creative context. 

 

Category: proposition/choice of alternatives 

MS requires from IS adequate protocols based on 
collaborative work and portability according to past and 
current platforms. 
 

Network topologies; 
Compatibility; 
Portability 

Category: claims/ contributions 

MS requires from IS security schemes to protect data, and 
also IS has to undertake with intellectual property contracts. 

Security; Intellectual 
Property 

Category: verification/decision 

To accomplish efficient performance, MS requires from IS 
that the software is designed meeting good levels of Code 
per Instruction (CPI), that is, a metric to evaluate how fast 
an application is. In addition, each new software application 
should pass strict quality of software standards before it is 
launched. 

Efficiency; 
Performance; Test 
Capacity; Response 
Time 

Category: agents actions 

MS requires from IS the ability to sense environmental 
variables to deploy services which are directed toward 
innovation strategies. For example, if the MS has configured 
his/ her connection state as “driving”, he/she might 
configure voice commands to handle possible emerging 
ideas. 

‐ Forecast 
‐ Inference 

Category: interactions among agents 

MS interacts with other stakeholders by means of the 
software designed by IS.  Software should be such an 
intuitive and simple tool that the ubiquitous computing 
paradigm  is guaranteed (Lyytinen & Yoo 2002). 

‐ Learning 
Easiness 

‐ Operability 
 

Category: transference or update 

Possibility of scalability toward new features related to 
pervasive computing. 

‐ Scalability 
 

Category: interruption/restitution/conservation 

MS requires from IS that periodic backups are done, 
preferably through a system based on Cloud Computing.  It 
is also necessary that if an application fails, it is restarted 
automatically and restores previous backups. 

‐ Fault 
Management 

‐ Reliability 
 

Category: evolution or change 

Available firmware should be for free or with reasonable 
costs for MS.  

Support; Extensibility; 
Price 

Category: costs 

MS requires from IS the best cost-benefit ratio. 
Manufacturers will deliver comparative features against 
other competitors. In addition, IS has to choose 
telecommunications, devices and information providers to 
integrate the solution offered. 

‐ Price 

 
For example, ideas should not be dependent on the type 
of access. It should be secure to avoid unwanted 
information leaks. The environment should be suitable 
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according to the environmental conditions of each 
stakeholder (working with 2G networks as well as 3G 
and 4G networks without limitations). 

‐ Reliability: it includes maturity, fault tolerance and 
recovering. Theoretically, the ubiquitous environment 
should have quality of service equal to 100%. Thus, it 
should be tolerant to faults in software, hardware and 
telecommunications. 

‐ Usability: it includes understanding, learning and 
operability. The easiness of handling of the platform and 
its resources is directly related to the fidelity of 
stakeholders with co-creation. 

‐ Efficiency: it includes behavior along time, resource 
management. The operations made within the ubiquitous 
environment ideally should not take time and have 
unlimited resources in order to meet any call for co-
creating. However, it is not possible, so an efficiency 
margin should be set to accomplish this purpose. 

‐ Maintainability: it includes easiness of analysis, easiness 
of change, stability, easiness of tests. The easiness on 
which the environment works, the tools provided and the 
appropriated growing are essential quality criteria to 
guarantee co-creation. 

‐ Portability: it includes adaptability, easiness of 
installation, co-existence and easiness of replacement. 
The adaptability to set up the environment, the easiness 
to solve problems in adverse conditions and the 

possibility to co-habit with different kind of 
technological resources can make flexible the 
architecture of the ubiquitous environment.  

 
3.2.2. Stakeholder identification 

This step will be supported by the CMSU shown in Figure 4, 
according to ABC Besoins (Urrego 2005). This diagram 
suggests the following stakeholders: innovative company, 
customer of innovative company, organization supporting 
ubiquitous services, telecommunication providers, 
information system providers, devices, providers and 
manufacturers, research and development departments. 
 
3.2.3. Use cases 

Building use cases relates functional requirements to the 
final application in a closer way. These diagrams should be 
done by using the UML standard and assigning one non-
functional requirement to each relationship. The list of 
functional requirements will not be presented here due to 
space restrictions. Use case diagram is shown in Figure 4. 
Although the green clouds do not belong to the UML 
standard notation, they were added to indicate which non-
functional requirements are associated with each use case. 

 

Figure 4. Use case diagram for the ubiquitous environment 
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3.2.4. Use case refinement 

After building the use case diagram, we should make a 
restructuration according to the most common non-functional 
requirements by means of generalization relationships. The 
new use case diagram is shown in Figure 5. 

 

Figure 5. Use case diagram (refined) for the ubiquitous 
environment 

3.2.5. Goals interdependence diagram 

Non-functional requirements are operationalized and they are 
placed according to strategies used in the particular domain. 
For example, security should be operationalized by means of 
codification and encryption schemes. This diagram is shown 
in Figure6. 

By creating the diagram presented in Figure we are able 
to understand that non-functional requirements are 
operationalized by means of a tree-based graph. Several brief 
strategies will be proposed in order to accomplish such 
requirements, as follows: 

 
- Reliability: applications and redundant database servers 

have to be provided. 
- Security: Hardy but light security schemes will be 

provided, for example, encryption using the RSA 
algorithm. 

- Efficiency: A way to be efficient should be monitoring 
bandwidth and throughput (at networks level) and the 
CPI (code per instruction, at software level). 

- Usability: In order to achieve this requirement, a 
friendly interface has to be provided, and software must 
have low recovery times after failures. Also it has to 
have online help and an interactions map always 
available. 

- Maintainability: Diagnosis Services and online help 
have to be provided. 

- Portability: It is proposed to use tools which are 
supported independent of the platform and that can 
embed open telecommunication protocols. 

- Price: A module that distinguishes the most proper 
connection scheme, according to fees by the operator. 

 

 

Figure 6. Goals interdependence diagram  

 
4 COMPARISON AMONG METHODOLOGIES 

As we said in Section 1, several proposals have been 
suggested about ubiquitous environments architectures; 
however, there is no proposal for co-creation. In addition, 
most of these proposals exhibit a lack of requirements 
engineering. Thus, the contrasts of ABC Besoins and NFR 
framework against the proposal suggested by Herskovic et 
al. (2011) are shown in Table 5. 

Almost all the requirements were found using ABC 
Besoins and are intersected with both NFR Framework and 
Herskovic. In this way, it is possible to assure the ubiquitous 
environment which will support co-creation meets general 
proposals in this field. Nevertheless, there are quite 
requirements which are not contained in such methodologies; 
due to this, ABC Besoins helps in realizing new challenges 
in ubiquitous environments, using domain and context 
analysis and supporting itself on a strong requirements 
taxonomy. 

On the other hand, although NFR framework delivers less 
number of requirements than ABC Besoins, there is a main 
advantage using this method which starts from conceptual 
approach until delivering tools to accomplish each 
requirement (with a good knowledge of domain). Because of 
that, it is possible to propose an early architecture to support 
co-creation with ubiquitous environments. 
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Finally, the Herskovic model is an excellent basis to 
analyze and understand ubiquitous environments when they 
have to be thought in a particular domain, though this 
approach is generic. 

 
 

Table 5. Requirements Elicitation Comparison 

Index ABC Besoins NFR Herskovic 

1 Adaptability, 
Usability, 
Customization, 
Learning 
Easiness, 
Operability 

Usability, 
Operability, 
Learning 
Easiness 

Flexibility 

2 Data Backup, 
Security, 
Intellectual 
Property , 
Fault 
Management 

Security Protection 

3 Network 
Topologies 

Open 
Communication 
Protocols 

Communication 

4 Platforms 
Compatibility 

Interoperability, 
Portability. 

Heterogeneity 

5 Inference   Autonomous 
Interaction, 
Networking 

6 Forecast, 
Inference 

  Awareness 

7 Reliability, 
Availability 

Reliability, 
Availability 

Data 
Availability 

8     Consistency 

9 Power 
Efficiency 

    

10 Stability     

11 Quality of 
Service 

    

12 Portability     

13 Performance Efficiency   

14 Tests Capacity     

15 Response 
Time 

    

16 Scalability     

17 Support Maintainability   

18 Price     

 
5 CONCLUSIONS 

In this Chapter, we have presented the requirements 
elicitation process to analyze a ubiquitous environment to 
support innovation processes with focus on co-creation. The 
survey was driven by two methodologies: ABC Besoins and 
NFR framework, and the results were contrasted with an 
approach of a generic ubiquitous environment.  

It was shown that co-creation is based on dialog, access, 
risks/benefits, and transparency. Also, possibly non-
functional requirements have a strong weight to guarantee 
the effectiveness of the particular innovation. 

 

6 FUTURE WORK 

After having non-functional requirements elicitation of Ubi-
PlatInno, we should propose the architecture of this 
ubiquitous environment, in order to achieve co-created 
products and services. To do this, a deep survey about each 
one of the requirements will be done. Thus, a successful mix 
between co-creation and information and communication 
technologies will be accomplished. As we said in Section 2, 
most of the architectures in ubiquitous environments are 
based on layers, so we will review whether this concept is 
the most appropriated for the needed solution, although 
partial conclusions reveal that it may be an acceptable 
solution. 
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1 INTRODUCCIÓN 
 
Identifying opportunities leading to take the way of creating 
an innovative product is the first phase of the product inno-
vation process. Ideas emerge from these opportunities, aim-
ing to the development of an innovative product. At each 
phase, particularly interested agents collaborate to the co-
innovation of a product. An agent is the responsible of au-
tonomous actions or interactions with other agents. 

Innovation is a spontaneous human activity, which be-
comes an important strategy in the massive, technology-
centered production of goods and services. The use of 
knowledge stimulates the development of theories and mod-
els for the creation and diffusion of innovations related to the 
improvement of existing products or processes, or to the cre-
ation of a new product. In the book Laws of Imitation (Tarde 
1903), the author equates the social concept of imitation, 
with inheritance in biology, and particle vibration in physics, 
as mechanisms for explaining the world evolution. For him, 
human evolution is imitation and innovation, and the last one 
is based on imitation. Tarde is considered the creator of the 
innovation diffusion curve or S curve. In 1946, Altshuller 
proposed TRIZ (Russian acronym for the theory of inventive 
problem solving), a methodology for systematic innovation. 
This methodology considers the evolution of technical sys-
tems as determined by a set of rules; problems requiring in-
ventive solutions can be solved methodically. In fact, an in-
novation algorithm is presented by Altshuller (2000). Based 
on social sciences some contributions for innovation and in-
ventions were presented (Ogburn & Gilfillan 1933; Sub-
committee on Technology 1937). Innovation uses new exist-
ing knowledge, while invention creates new knowledge for 
constructing a solution. From the economical point of view, 
a sample of fundamental contributions is found in Maclaurin 
(1949, 1953) and Brozen (1951). 

Described works correspond to the category of 
knowledge push models. Then were coming technology 
push, and market pull models categories. Market pull models 
consider the increasing demand of products in a global socie-

ty, in collaborative contexts, which generate knowledge us-
ing new communication and information technologies. The 
passage from knowledge push to market pull models and the 
evolution from linear innovation models to non-linear mod-
els are appreciated in several projects (Kelly et al. 1975; 
Kline 1985; Rothwell 1992). These changes are highlighted 
in a chronology described by Godin (2006). 

Looking for the usage of collective intelligence and the 
reduction of time to market for innovative products, our re-
search treats the development of new methods for supporting 
innovation of products and processes, in co-creation con-
texts. 

In our research about the collaborative work, the charac-
terization of processes offer an ample understanding of the 
product innovation phases and of possibilities for creating 
new models and methods, in order to manage the agents’ 
collaboration and the knowledge evolution along the product 
innovation phases. These purposes demand a detailed inno-
vation phase model. It is adopted a big set containing four-
teen phases: a) opportunities identification, b) ideas collec-
tion, c) ideas selection, d) Ideas development proposal 
(including product definition), e) Knowledge availability and 
research, f) Product requirements obtaining, g) product con-
ceptual modeling, h) product design, i) product construction, 
j) product testing, k) product distribution, l) product observa-
tion and evaluation, m) product impacts and consumer satis-
faction, and n) product elimination. Innovation may be locat-
ed in a process, or in a partial or whole product. The phases 
may be executed individually, in a short process chain or in 
the total product innovation phases, in sequential or non-
sequential way. This variety of dynamical configurations ex-
plicit detailed risk levels or vulnerabilities for the product at 
different phases of its life. The spectrum of risks in the prod-
uct innovation phases is more complete and actual in a con-
text of collaborative agents. Risk is the probability of having 
an adverse consequence caused by an event. Vulnerability is 
a measure of propensity to have an adverse consequence. 

We adapt deep vulnerability and risk concepts defined in 
the environmental and social fields by Chambers (1989) and 
Bohle et al. (1994), among others. 

The management of risk in collaborative contexts intro-
duces risk and collaboration concepts in concurrent engi-
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neering processes. Thus, concurrent engineering concept is 
extended to collaborative concurrent engineering. Dynamical 
aspects and diversity of risk levels suit well into the collabo-
rative concurrent engineering frame. Both concepts are satis-
fied by features of collaborative concurrent engineering pro-
cesses, such as: overlapping, interaction, iteration, agent 
intentionality, among others. Process dynamicity and de-
tailed risks affecting collaborative concurrent engineering 
are scarcely represented in traditional process models. Other 
representation of process model and risk model for concur-
rent engineering is required. In order to manage together dy-
namicity and risks under the concept of collaborative con-
current engineering, an agent based process model, the 
solution use context model (SUCM), introduced by Urrego-
Giraldo and Giraldo (2012) is here incorporated. Based on 
the SUCM and its multiple refinement levels, a risk analysis 
model for collaborative concurrent engineering processes is 
defined. Concepts of collaborative concurrent engineering 
are applied to processes in product innovation phases giving 
place to a concurrent engineering co-innovation phases set.  

Supported on concepts of concurrent engineering, the 
SUCM is used in order to represent processes, activities, and 
actions, executed by interacting agents. In this model, vul-
nerability in processes of the product co-innovation phases is 
more visible. Equally, the risk analysis model becomes ex-
pressive and useful. This risk analysis model with the agent-
based process (the SUCM) is the focus of the present Chap-
ter. 

After this introduction, we include in the Section 2 the 
product co-innovation phases; Section 3 contains the pro-
posed concurrent engineering process model; Section 4 co-
vers the risks analysis model for concurrent engineering pro-
cesses. Conclusion and future work are treated in Section 5. 

2 PRODUCT CO-INNOVATION PHASES 

A big challenge of the enterprise today is the product inno-
vation. Innovation is leaving on the hands of consumers a 
new product or process or a new feature incorporated in a 
product or process at any phase of product life. Oslo Manual 
(OECD 2005) treats further marketing and organizational in-
novation. A long collection of phases may be considered 
aiming to differentiate and use the particular knowledge ac-
quired in each phase and to analyze the product evolution. 
Each phase shows a particular added value to the product. 

Our research about product and process co-innovation 
focuses on short phases of product evolution, which are de-
termined by specific characteristics of agent interventions, 
resources, product evolution phases, contextual condition, 
inputs, and outputs. Adopted product innovation cycle con-
siders a set of fourteen phases, depicted in Figure 1. Co-
innovation concept introduces the agent collaboration in pro-
cesses of the product innovation phases. 

Innovation expressed in a final product may be incorpo-
rated in a particular innovation phase or be a composition of 
particular innovations added in some phases of product in-
novation cycle. Co-innovation of products may be achieved 

by a set of co-innovation processes. Anyway, other non-
innovative processes must add value to the product too. Co-
innovation processes along the product lifecycle are open to 
the introduction of different approaches using particular con-
cepts, methods, and tools, looking for diminishing the time 
to market. Co-creation concepts, for example, may introduce 
the creative collaboration of agents in every phase. These 
concepts contribute creativity to innovation, in a dynamical, 
direct, and punctual way. Similarly, co-innovation contrib-
utes creativity in more reasoned and elaborated way. Both 
co-creation and co-innovation separately involve the utiliza-
tion of new knowledge or new uses or combinations of exist-
ing knowledge. Co-creation introduces collective creativity 
in innovation processes, giving place to the concept of crea-
tive co-innovation. Thus, creative co-innovation involves 
knowledge creation, introducing dynamical, direct, and 
punctual creativity into the co-innovation processes. Creativ-
ity is the capacity for making something new or inventing 
something. 

 
Figure 1. Product innovation Phases 

 
Collaborative concurrent engineering contributes with ef-

fective concepts for optimizing processes and ensuring the 
capitalization of knowledge adding value to the product in 
every phase of the innovation cycle, considering co-
innovation and creative co-innovation. These approaches are 
determined by collaborative, dynamical, direct, punctual, 
reasoned, and elaborated creativity, as well as, simultaneous, 
repetitive, and intentional interventions of agents. This quali-
ty set is complemented with other quality concepts expressed 
in the Oslo Manual (OECD 2005): uncertainty, technology 
pushed, market pull, imitation, competitiveness, knowledge-
centered processes. Such features are manageable by collab-
orative concurrent engineering, in which product innovation 
phase and their processes may be executed in a whole se-
quel, partial sequels, overlapped, iteratively, interactively, or 
non synchronic, etc. These features increase resources and 
possibilities of agent interventions in the field of concurrent 
engineering. In order to complete this task, an agent-based 
process model introduced by Urrego-Giraldo and Giraldo 
(2012) is described in the next Section. 
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3 CONCURRENT ENGINEERING PROCESSES 
MODEL  

Concurrent engineering concepts enhance the power of col-
laborative activities and processes developed in product in-
novation phases. Urrego-Giraldo and Giraldo (2012) propose 
the view of an organization as a process, depicted in Figure 
2. 

The traditional view of a process do not explicit the ex-
ternal agents, but in order to highlight their importance in a 
new representation, we sketch here these agents in dot lines, 
in Figure 2. There, the whole organizational process contains 
three detailed processes: a) elaboration of an integral plan, 

including research, technological development, and innova-
tion; b) definition of products, projects, and methods; c) 
Elaboration of civil engineering services. The six general in-
puts for executing these processes are described in the left 
side of the same Figure. The delivery of civil engineering 
services, and the research, technological development, and 
innovation plan, as well as bills of services, and signed con-
tracts constitute the four outputs in Figure 2. The process for 
elaborating a general plan, including research, technological 
development, and innovation, is depicted in Figure 3, by us-
ing a traditional representation.  

 
 

 
 

Figure 2. View of an enterprise as a process 
 

Neither this representation nor those of Business Process 
Model Notation (BPMN; OMG 2011) show the dynamicity 
of the business processes. For this reason, we adopt here the 
process model of Figure 4, introduced by Urrego-Giraldo 
and Giraldo (2012), which is a context model for its subor-
dinated processes. 

This process model contains an integral view of interre-
lated processes and agent responsibilities, considering opera-
tions of decomposition, refinement, iteration, interaction of 
agent interventions at levels of action, activity, process, and 
services, as well as holding in optimal way static and dynam-
ic features, such as: non-synchronisms, complexity, external 
factors, granularity, overlap, parallelism, interaction, itera-
tion, scheduling, evolution, configuration of activities and 
processes, as well as supporting interrelated decisions, hu-
man implications, and concurrent project management, ex-
ploiting the representation of processes and micro-processes 
as context (SUCM) and micro-contexts (micro-SUCM). This 
model is developed in the next Section. The proposed risk 

analysis model for concurrent engineering processes is the 
subject of this Chapter. 

For sake of simplicity, the models depicted in Figures 3 
and 4 are labelled only as general development plan and the 
activities do not explicit projects, products, and methods in-
cluding projects, products, and methods in researching, tech-
nological development, and innovation, all them contained in 
a general plan. 

Considering the features of concurrent process expressed 
in currently definitions of concurrent engineering (Kamara 
2000; Lindquist 2008), the operations and features observed 
in interrelated business processes in the proposed process 
model, when applying it in a civil engineering services en-
terprise, we propose the following simplified definition for 
concurrent engineering (CE): CE is a management approach 
oriented to obtain opportune and qualified products, based 
on an integral, static, and dynamic view of interrelated pro-
cesses, agent responsibilities, decisions, and operations, 
holding static and dynamic features, such as: non-
synchronisms, complexity, external factors, granularity, 
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overlap, parallelism, interaction, iteration, scheduling, evolu-
tion, configuration of activities and processes, as well as 
supporting, human implications, and concurrent project 
management. The process model for elaborating a develop-

ment plan, described in Figure 3, allows highlight, in the 
agent interactions, processes at different abstraction levels. 
The process described is equivalent to the process represent-
ed in Figure 4. 

 

 
 

Figure 3. Traditional process model for elaborating a general development plan 
 

 
 

Figure 4. Process model for elaborating a general development plan 
 

The expressiveness and explicitness of this agent-
centered process model gather the features of processes of 
product innovation phases using co-innovation and creative 
co-innovation approaches introduced in the previous Sec-
tion. The features of these approaches may be treated with 
the features expressed in the aforementioned definition of 

CE, such as: opportunity (less time to the market), overlap-
ping, interaction, iteration, intentionality (decision), etc. Re-
lated to these features characterizing Collaborative Concur-
rent Engineering processes, in the next Section, a risk model 
is introduced. 
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4 RISK MODEL FOR COLLABORATIVE 
CONCURRENT ENGINEERING IN CO-
INNOVATION PROCESSES 

Risks are always present in agent interventions in the pro-
cesses of the phases of a product lifecycle. Particular risks 
appear in CE processes, where an integral view of process 
and product is considered. 

Some features identified in the proposed definition of CE 
are meaningful for processes in the product innovation cycle, 
for supporting the collaborative and creative intervention of 
agents in these processes. Features of co-innovation and cre-
ative co-innovation, as explained in Section 2, are satisfied 
by the following set of features of collaborative concurrent 
engineering: opportunity, overlapping, interaction, iteration, 
and intention (decision). 

In this Section, we introduce a general risks model for 
processes, which accept features of any process approach, 
which is filled in this research with the above listed features 
of collaborative CE. 

4.1 Fundamental Concepts of the Risk Model: 
Vulnerability, Risk, and Threat 

Risk is currently defined as the probability of damage that an 
event may cause to an exposed object. In this sense, a risk is 
determined by the nature of the event and the intrinsic nature 
of the object. The event causing the risk is an internal event. 
This is a process event, which arises from internal agents in a 
process. The risk is the probability of an adverse conse-
quence due to a “conscious” action. Thus, risks arise from a 
decision of an agent in the process. Every choice brings 
risks. “Unconscious” actions, involve the probability of ad-
verse consequences not considered technically as a risk, but 
it is an accident. 

Similarly, threat may be considered as the probability of 
damage that an external event, this one is a supra-process 
event, may cause to an exposed object of the process. Exter-
nal events arise from agents in the supra-process. The object 
is an in-processing product. In the process, activities treat 
concepts of the product domain. These concepts are related 
to the product in the domain model of this product. 

Vulnerability or risk level is the degree of fragility, a 
measure of propensity to deteriorate. It may be associated to 
the process and to the process context or supra-process: in-
ternal and external vulnerability, respectively. 

Extending the concepts of Bohle et al. (1994), external 
vulnerability (extrinsic, expositive) has four risk levels: a) 
fragility to surpass the magnitude, severity, and amplitude of 
sieges; b) fragility to overcome frequency and dynamicity of 
sieges; c) fragility to control the nature, object, means, and 
way of sieges; d) fragility for managing the expansion, con-
sequences, and the equilibrium re-establishing after sieges. 

Internal vulnerability (intrinsic, proper) considers also 
four risk levels: a) the fragility of agents and objects to repel 

the magnitude, severity, and amplitude of attacks; b) the fra-
gility of agents and objects to resist the frequency and dy-
namicity of attacks; c) the fragility of agents and objects to 
handle impacts, due to the nature, object, means, and way of 
attacks; d) the fragility of agents and objects to affront ex-
pansion, consequences, and a rapid and complete equilibri-
um re-establishing after attacks. 

Risk is associated with activities of agents in the process 
level. Events may occur at the internal level, in the process, 
or at the external level, in the supra-process or context. The 
former determines risks, the latter defines threats. 

In analogue way a threat is related to activities of agents 
in the supra-process level. Events may occur at internal lev-
el, in the supra-process, or at external level, in the supra-
supra-process or supra-context. The former determines 
threats; the latter defines supra-threats. 

4.2 Risk Analysis Model 

External and internal vulnerability categories are centered on 
the process concept, and may be related to static and dynam-
ic features of the CE processes. This concept supports the 
management of risks along product innovation phases. 

In order to contribute to the development of the concur-
rent engineering processes, and to support the management 
of risk in innovation concurrent projects, we use an agent-
centered process model described in Figure 3. This one al-
lows represent agent responsibilities, decisions, and opera-
tions, and the static and dynamic features included in the 
proposed definition of CE. The construction of the risk mod-
el depicted in Figure 5 is founded on the process model and 
on concepts of vulnerability and risk. 

Risk model is an agent-centered approach, which consid-
ers the risks associated to the agent interventions in a pro-
cess. In the first column of Figure 5, two types of events 
bring risks to agents and involved objects in a process: pre-
ventable and unpreventable. Each type is related, in column 
2, to two intrinsic vulnerabilities; each one is connected, in 
turn, with two categories of risk, in column 3. First risk cate-
gory focuses on the nature of agents and involves objects. 
Second category points to the unfavorable (aggressive) in-
tervention of agent. In column 4, risks are expressed in a ge-
neric way, which may be instantiated, in column 5, with the 
features of a process approach. Collaborative CE is the pro-
cess approach used in this research. 

The materialization of a risk is a problem. Figure 6 repre-
sents in the two first columns the generic risks, the concur-
rent engineering features coming from Figure 5. Generic 
problems associated to risks are enounced in column 3. Fig-
ures 6 and 7 contain only an extract of the big list of risks, 
problems, and solutions. In fact, only problems and solutions 
of the preventable corruptible risk category are depicted in 
Figures 6 and 7. 
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Figure 5. Risk Model 

 

 
Figure 6. Problems associated with the first risk type (unpreventable corruptible) 
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Figure 7. Solutions to problems of the first risk type (unpreventable corruptible) 

 
 

 
For facing the problems, in Figure 7, columns 2 and 3; 

two type of interventions (solutions) are elaborated: a) radi-
cal change measures, containing three sub-types: aggrega-
tion, substitution, and elimination; b) improvement 
measures: repayment, adaptation, and strengthening. 

The solutions introduced in columns 2 and 3 are related 
to every agent interaction (activity) in the Collaborative CE 
process model depicted in Figure 3. The application of these 
solutions assures the satisfaction of features of Collaborative 
CE in co-innovation processes of the product co-innovation 
phases 
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5 CONCLUSION AND FUTURE WORK 

The proposed model for risks analysis in concurrent engi-
neering co-innovation processes, along the phases of the 
product co-innovation lifecycle, is a framework of generic 
risks and problems. The framework may be instantiated with 
particular features of any process approach. Here, we use the 
Collaborative Concurrent Engineering process approach, 
characterized by selected features: opportunity, overlapping, 
interaction, iteration, and intention (decision). These features 
are tested for including the specific features of co-
innovation, and creative co-innovation process approaches. 
In fact, the risks model treated indirectly the risks in co-
innovation processes, and in creative co-innovation process-
es, but this model might else treats directly the risks, prob-
lems, and solutions of these process approaches. 

Ongoing work analyzes risk in process approaches of 
others fields, such as: artificial intelligence, ubiquitous pro-
cesses, and computational linguistics. A tool for managing 
risks, problems, and the solutions is being incorporated in a 
co-innovation projects management system. 
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1 INTRODUCTION 

Collaborative work is based on communication and infor-
mation exchange among individuals for developing a con-
ceptual object (Conde et al. 2008, 2009). Systems of the 
CSCW (computer-supported cooperative work; Grudin, 
1994) paradigm constitute an approach to facilitate group 
work processes mediated by information technology (Peiro 
et al. 1993). 

Molina et al. (2009) propose three main lines of systems 
development related to the CSCW paradigm: 

 
[a]  Development ad-hoc, in which systems are built in a 

completely adapted way to the specific problem to which 
it is intended to support. This has been until now the 
usual trend in creating groupware systems. 

[b] The use of programming toolkits, which provide a higher 
level of programming abstraction by using functions and 
API (Application Programming Interfaces). 

[c]  The development based on components that allows the 
construction of CSCW systems by using predefined 
building blocks. Such blocks can be reused and com-
bined in different ways. 

Moreover, Molina et al. (2009) indicate that another line 
of development is proposed on the basis of the development 
process in the conceptual modeling of the collaborative vir-
tual environment. There are some proposals for conceptual 
modeling notational aspects of group work. Among these no-
tations can be mentioned: (a) APM (Action Port Model) fo-
cused on modeling the workflows developed by groups 
(Carlsen 1997); (b) PROCLETS that proposes a notation for 
interaction processes associated with managing multiple 
workflows (van der Aalst et al. 2001); (c) AMENITIES, that 
proposes extensions of UML notation (COMO-UML) for 
groupware modeling with emphasis on the modeling of dy-
namical aspects (Garrido 2003); and (d) UML-G, also fo-
cused on the modeling of groupware but emphasizing on da-
ta modelling (Rubart and Dawabi 2002; 2004). 

In this Chapter, we define the problem of modeling the 
interactions in a working group (Section 2), we propose an 

integrated modeling framework (Section 3) composed of 
formalisms: table category-concept-definition (Section 3.1), 
interaction cases and interaction group diagrams (Section 
3.2), interaction procedures (Section 3.3), sequence diagram 
of group dynamics (Section 3.4), and development diagram 
of conceptual objects (Section 3.5); we present a concept 
proof of the introduced formalisms (Section 4); finally, we 
formulate conclusions and future research lines (Section 5). 

2 DEFINITION OF THE PROBLEM 

Several authors (Sosa et al. 2006; Giraldo et al. 2008; Moli-
na et al. 2008; 2009) have pointed out the need to address—
prior to CSCW system modelling—the modeling of aspects 
of group dynamics such as social interactions and responsi-
bilities among individual. The current state of conceptual 
modelling work group is characterized by the following limi-
tations: 

[a]  Lack of theoretical and computational models that allow 
to adequately specify the group activities mediated by in-
formation technology. 

[b]  Difficulties for addressing the integral modeling of inter-
active aspects among individuals and task aspects of 
group work. 

[c]  Lack of adequate conceptual specification artifacts for 
modeling collaborative tasks which have to be mediated 
by CSCW systems. 

In the context of formalisms to develop the analysis and de-
sign of CSCW systems we can formulate the following re-
search question: Is it possible to develop new modeling for-
malisms which complement the ones previously presented, 
in order to model interactions among group members and 
their social dynamics, which could be managed by CSCW 
systems? 

Chapter #10 

Modeling the Interactions in Virtual Spaces Oriented to Collaborative 
Work 

Darío Rodríguez & Ramón García-Martínez 
Information Systems Research Group. National University of Lanús, Buenos Aires, Argentine. 

 
 

 
 

 



Software Engineering: Methods, Modeling, and Teaching, Vol. 2, Chapter #10, pp. 79–84 

 80 

3 PROPOSED SOLUTION 

The proposed framework for analyzing and designing virtual 
spaces oriented to collaborative work is composed by the 
following modeling formalisms: table category-concept-
definition (presented in Section 3.1), interaction cases and 
interaction group diagrams (presented in Section 3.2), inter-
action procedures (presented in Section 3.3), sequence dia-
gram of group dynamics (presented in Section 3.4), and de-
velopment diagram of Conceptual Objects (presented in 
Section 3.5). 

3.1 Proposed Formalism: table category-concept-
definition 

In the context of formalisms for knowledge representation 
proposed by the Knowledge Engineering (Gomez et al. 
1997; Garcia-Martinez & Britos 2004), Rodriguez et al. 
(2010) introduce the concept-category-definition (CCD) ta-
ble to represent the factual knowledge of the conceptual 
model of group dynamics. The CCD table introduces the 
concepts to be used in other formalisms in lexicographic or-
der, specifying the category and giving the concept defini-
tion. The formalism is captured in the form of a table as 
shown in Table 1. 
 
Table1. Example of table category-concept-definition 

Concept Category Definition 

Concept 1 Category 1 Definition of Concept 1 

Concept 2 Category 1 --- 

--- --- --- 

Concept N Category Q Definition of Concept N 

 
A concept can belong to any of the following categories: 

actor, object, or interaction. Actors are who bring to life the 
group dynamics. Objects are the entities receiving the exer-
cise of the powers of the actor interactions. Interactions de-
fine processes the actors agree to perform on objects. 

3.2 Proposed formalism: interaction cases and 
interaction group diagrams 

The modeling of the interactions among actors is made by 
using two formalisms: [a] interaction cases and [b] interac-
tion group diagrams. An interaction case captures interac-
tions between two actors (see Figure 1). In particular, the re-
flection is a case of interaction of an actor with himself. An 
interaction group diagram provides, in an integrated way, in-
teractions among all actors considered in the modeling pro-
cess (see Figure 2). 

 
Figure 1. Examples of interaction cases 

The notation proposed for interaction cases and interac-
tion group diagrams is based on use cases and use case dia-
grams (Booch et al. 1998, Kendall & Kendall 2005). How-
ever, as a difference, object paradigm interactions between 
the actors and the system are not modeled, and interactions 
among actors are considered. The formalism proposed in this 
Chapter uses solid lines to model interactions among actors 
and dotted lines to model the reflections of an actor. 
 

 
Figure 2. Example of interaction group diagrams 

3.3 Proposed formalism: interaction procedures 

Procedures describe the composition of interactions among 
the actors made for the development of an object. To express 
the procedures the actors can perform on the objects, we 
propose to use predicates of N-order (Cuena 1985; Naishtat 
1986). Prefix notation and the used grammar are shown in 
Table 2. 
 
Table 2. Grammar for expressing procedures 

< ACTION > ::= 
<Acción 1> │ <Acción 2> │. . . │  
< Acción P >  

< ACTOR > ::= 
<Actor 1> │ <Actor 2> │. . . │ 
<Actor Q>  

< OBJECT > ::= 
<Objeto 1> │ <Objeto 2> │. . . │ 
<Objeto  >  

< PROCEDURE > ::= 

<ACCION> “(“ <ACTOR >  “,” 
<OBJETO> “)” │<ACCION> “(“ 
<ACTOR>  “,” 
<PROCEDIMIENTO> “)” 

 
The N-order predicate logic provides rich semantic for 

representing the procedures. For example the following ex-
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pression: ACTION-T(ACTOR-S,ACTION-R(ACTOR-
Q,OBJECT-P)) can be interpreted as "... the ACTOR-S ap-
plies the ACTION-T to what is the result of ACTOR-Q ap-
plies the ACTION-R to OBJECT-P ..." 

3.4 Proposed formalism: sequence diagram of group 
dynamics 

To express the group dynamics among the actors in the time-
line imposed by the procedures of interaction, Rodriguez et 
al. (2010) and Rodriguez (2012) introduce the sequence dia-
gram of group dynamics. Such diagrams are based on se-
quence diagrams (Booch et al. 1998; Kendall & Kendall 
2005). A theoretical example of the CCD table is presented 
in Table 3 and a sequence diagram of group dynamics is pre-
sented in Figure 3. 
 
Table 3. Concept-category-definition table corresponding to 
the theoretical example 

Concept Category Definition 

ACTOR-Q Actor The ACTOR-Q is ... 

ACTOR-P Actor The ACTOR-P is ... 

ACTOR-R Actor The ACTOR-R is ... 

ACTION-S Action The ACTION-S is ... 

ACTION-T Action The ACTION-T is ... 

ACTION-R Action The ACTION-R is ... 

OBJECT-P Object The OBJECT-P is ... 

 

 
Figure 3. Sequence diagram of group dynamics correspond-
ing to the theoretical example 

3.5 Proposed formalism: development diagram of 
conceptual objects 

Virtual spaces dedicated to collaborative work are intended 
to facilitate mediation among teams whose members are not 
physically contiguous, and have to develop a conceptual ob-
ject (for example: research, project development, software, 
thesis plan, technical articles, and reports, among others). 
The modeling of interactions in virtual spaces dedicated to 
collaborative work should help to specify the interactions 
among the team members, and the developing work stages of 
the conceptual object that the collaborative working team is 
carrying on. The virtual space for collaborative work should 

satisfy requirements like keeping and documenting the dif-
ferent versions of the conceptual object to be developed by 
the collaborative working team; leaving a record of the evo-
lution from the agreement between the members of the 
working team since the initial specifications of the conceptu-
al object are gathered until its final stage development is 
reached. For modeling the object transformations we pro-
pose the formalism development diagram of conceptual ob-
jects. Such diagrams are based on Petri Nets (1962) and are 
digraphs with two types of nodes: the "conceptual objects" 
which will be denoted by circles and the "transformations" 
denoted by rectangles. The "transformation” represents the 
action should be performed to make evolve the "conceptual 
object" from a level of development into another. A theoreti-
cal example of a development diagram of conceptual objects 
is presented in Figure 4. 
 

 
Figure 4. Theoretical example of the development diagram 
of conceptual objects 

4 PROOF OF CONCEPT 

As a way to illustrate the proposed formalism, we provide a 
proof of concept based on a case study from Rodriguez 
(2012). The situation described in the case study is based on 
developed interactions within a virtual space during the the-
sis plan review of a master degree student made by a PhD 
degree student (co-director of the master thesis) under su-
pervision of a senior researcher (director of the master and 
doctoral thesis). The case "review of the master thesis plan" 
is described by the following paragraph: 

"...Master degree student sends to the PhD degree 
student his previously developed thesis plan. PhD de-
gree student reviews the plan and makes the correc-
tions and comments he considers relevant, then send 
them to the master degree student. The later appro-
priates the corrections and comments to continue 
working on his master thesis plan. Once the PhD de-
gree student believes that the version of the master 
thesis plan is correct, he forwards it to the senior re-
searcher asking for his overseeing of the final version 
of the master thesis plan. Senior researcher oversees 
the corrections made by the PhD degree student. As a 
result of overseeing, he can send comments which may 
include observations about the correction made 
and/or to make further corrections to be introduced in 
master thesis plan. Upon receiving these comments, 
the PhD degree student appropriates these and for-
wards them to the master degree student for his ap-
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propriating also, allowing in this way the generation 
of new versions of the document ..." 

In the case study we identify three actors, one object, and 
eight interactions. These elements are shown in the CCD ta-
ble (see Table 4). 

From the actors and interactions identified in Table CCD, 
interaction cases are presented in Figure 5. Cases of interac-
tion are integrated in the group interaction diagram that is 
shown in Figure 6. 

Table 4. CCD table for the case study "review of the master 
thesis plan" 

Concept Category Definition 
INCORPORATE 
 

INTERACTION 
 

Actor "A" incorporates the received in-
formation in the document and/or com-
ments in it. 

PhD STUDENT 
 

ACTOR 
 

Professional who has a master degree or 
academic equivalent and is making a ca-
reer of doctoral degrees, scientific pro-
duction of national importance, with a 
history of co-management of R&D, with 
expertise in co-management of in human 
resources training at level of master de-
gree, specialization degree, and accredi-
tation of being investigator category III or 
IV of the Argentine Ministry of Education. 

SEND 
 

INTERACTION 
 

Actor "A" sends to actor "B" a document 
or information. 

SEND 
COMMENTS 
 

INTERACTION 
 

Actor "A" sends Actor "B" the comments 
on the results of overseeing carried out; 
this may include observations about the 
correction made and/or further correc-
tions to make. 

SEND 
CORRECTION 
 

INTERACTION 
 

Actor" A" sends to actor "B" the result of 
the review and correction of the docu-
ment with his observations. 

SENIOR 
RESEARCHER 
 

ACTOR 
 

Professional with a PhD degree or aca-
demic equivalent, with scientific produc-
tion of international importance, with 
background in project management of R 
& D, with background in human re-
sources training at the doctoral level, 
master degree, and grade, and accredi-
tation of being investigator category I or II 
of the Argentine Ministry of Education. 

MASTER 
STUDENT 
 

ACTOR 
 

Professional with grade title and who is 
applying for a master’s degree, with na-
tional scientific production, with a history 
of collaboration in the development of 
human resources at grade level, and ac-
creditation of being investigator category 
IV or V of the Argentine Ministry of Edu-
cation. 

THESIS PLAN 
 

OBJECT 
 

Document referred to student’s research 
project that is carrying out to earn a PhD, 
master, specialty or grade degree. 

REVIEW 
 

INTERACTION 
 

The actor reviews the document and 
states his comments (in case needed) 
but without doing any correction. 

REVIEW AND 
CORRECT 
 

INTERACTION 
 

The actor revises and corrects the doc-
ument with indication of his comments 
and corrections (if it was necessary). 

REQUEST 
OVERSEE 
 

INTERACTION 
 

Actor "A" asks to oversee of re-
view/corrections on a document generat-
ed by a third actor. Overseeing will be 
made by actor "B”. 

OVERSEE INTERACTION Actor "A" oversees the reviews or correc-

  tions made by an actor "B" on a docu-
ment that has been previously sent to 
him by a third actor. 

The group dynamics that develops among actors within the 
timeline is expressed through the interaction group diagram 
that is shown in Figure 7. The conceptual object identified is 
"Master Thesis Plan" and the development diagram of con-
ceptual objects is shown in Figure 8. 
 

 
Figure 5.a. Interaction case between Master Student and PhD 
Student 

 

 
Figure 5.b. Interaction case between PhD Student and Senior 
Researcher 
 

 
Figure 6. Group interaction diagram between Master Stu-
dent, PhD Student, and Senior Researcher 

5 CONCLUSIONS 

Virtual spaces dedicated to collaborative work are emerging 
as a tool to integrate work teams whose members are not 
physically contiguous. The first experiences in Argentina in 
the use of such environments have emerged in universities 
and are linked to the collaboration of researchers from sever-
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al countries in training human resources in research 
(Rodríguez 2012). 

 

 
Figure 7. Interaction group diagram of case "Review of Master's Thesis Plan" 
 
The virtual environments used have a low level of integra-
tion between its components and do not often have the func-
tionality of asynchronous communication (online) among 
members of the workgroup. It is perhaps this feature which 
made evident the need for formalisms for modelling the in-

teractions among members of the working group and the 
evolution of conceptual objects they create. 
Given this context, in this paper we introduced the integrated 
formalisms: category-concept-definition table, interaction 
cases and interaction group diagrams, interaction procedures, 
sequence diagram of group dynamics, and development dia-
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gram of conceptual objects. It has been shown the use of the 
presented formalisms through a test case taken from recent 
state-of-the-art review on the subject. 
 

 
Figure 8. Development diagram of conceptual objects for the 
case "Review of Master's Thesis Plan". 
 
As future line of research work, we are going to validate the 
generality of use of the modelling formalisms proposed in 
two domains: management of software development teams, 
and management of architectural design teams. In both cases, 
we plan to use members whom are not physically contigu-
ous. 
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1 INTRODUCTION 
 
Software Engineering has proposed a set of methods, devices 
and methodological strategies for increasing productivity in 
the process, and assuring the quality of products developed. 
Software development methods, such as CDM (ORACLE 
2000; Anderson and Wendelken 1996), RUP (Kruchten 
1999), FDD (Coad & Lefebvre 1999), and XP (Beck 2000) 
and methodologies such as PSP (Humphrey 2000b), CMMI 
(Masters & Bothwell 1995), TSP (Humphrey 2000a), among 
others, draw a set of deliverables for validating step by step 
the development of each software application. 

Academy should consistently support the generation of 
strategies for helping students to improve the quality of the 
software development process and allowing professionals to 
compete and stay ahead with the staffing requirements re-
quired by the productive sector. 

Looking for raising the quality of students in the software 
product development, a set of implementation strategies is 
defined in the classroom, based on the PSP methodology, 
which allows programmers to do more productive work, and 
helps to estimate and plan the work, monitor performance 
against planning and improve the quality of programs. Quali-
ty methods help the student to consistently improve the qual-
ity of software development (Soto & Reyes 2010). 

The strategies are based on the following aspects: 
 Creating a software development culture among students, 

by using several class exercises, a better estimation of 
the planned time for the application development, and 
the actual time spent on it. This is achieved by the stu-
dent with better concentration and greater mastery of the 
programming languages. 

 Measuring performance based on the development pro-
cess in order to establish a reference for measurement, 
expressed by means of a conceptual model, which ac-
counts for a planning generated from improving disci-
pline and knowledge of programming tools. 

 Reusing registered prior programming experience and 
measurement, based on exercises previously performed. 
By using the solution of a proposed exercise, students 

perform a conceptual planning for identifying pieces of 
reusable code and to estimating the application devel-
opment performance based on data collected in previous 
years. 

In this Chapter we partially review the state of the art on 
the experiences gained in the usage of strategies and soft-
ware development methodologies applied to the Academy, 
as a way to raise productivity levels and assertiveness of fu-
ture professionals in the software development area. We also 
apply some strategies in the classroom and summarize some 
results. 

The Chapter is structured as follows: in Section 2 we pre-
sent a summary of some academic experiences for improving 
the measurement of assertiveness and productivity in the 
software development process; in Section 3 we describe the 
work strategies used in the classroom; in Section 4 we pre-
sent and analyze some of the results and impact generated 
when using the proposed strategies; finally, in Section 5 we 
present the conclusions. 

2 ACADEMIC EXPERIENCES FOR IMPROVING 
THE MEASUREMENT OF ASSERTIVENESS 
AND PRODUCTIVITY IN THE SOFTWARE 
DEVELOPMENT PROCESS 
 

Currently, several methodologies seek to improve individual 
and collective work of programmers, bringing them 
discipline and organization. As a result, sometimes 
organization benefits from increasing productivity and 
assertiveness in large scale projects. 

2.1 Productivity 

Productivity in terms of software development can be com-
puted as source lines of code executed per time unit (Yu 
1990). According to Ruiz and Ramos (2010), the lack of ex-
perience of a software developer decreases productivity and 
increases the generation of errors resulting in the execution 
of a project. 
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According to Zeigler (1995), productivity depends on 
many factors of the software development process, such as 
the complexity and size of the project to be developed. By 
using software tools—e.g., highly sophisticated compilers 
and debuggers—productivity can be increased (MacDonell 
& Shepperd 2003). 

2.2 Assertiveness 

Assertiveness is associated with the development time of a 
software project, and the timely delivery of it. If a software 
product is released out of date, product differentiation can be 
lost. 

Assertiveness—in terms of the software development 
process—is the comparison between the estimated and actual 
execution time of a software project; such estimation can fall 
either above or below the planned time (Yu 1990). 

According to Ortuzar (2011), the lack of assertiveness in 
software development projects can cause severe economic 
consequences for a company. Assertiveness is achieved with 
experience in the software development process and good 
planning based on past practices (Knight 2001). 

2.3 Academic experiences 

Some interest for improving the quality of software products 
developed by university students is arising. For this reason, 
some research has been made about the principles and tech-
niques of software engineering introduced in the program-
ming courses. The sooner a student studies and uses the 
techniques of software engineering projects, the sooner will 
be an expert on it, and may facilitate the development of 
high quality software products in order to improve its 
productivity and assertiveness indicators (Garcia & Rodri-
guez 2001). 

The PSP methodology (Trujillo et al. 2011) was designed 
to assist software engineers for doing their job, applying ad-
vanced engineering methods in their daily work, using de-
tailed methods for planning, estimating, and controlling per-
formance against the planned times. PSP is the discipline of 
working with high quality (Trujillo et al. 2011). The soft-
ware engineer work—in the context of PSP, personal soft-
ware process—can be summarized as follows: planning the 
work, doing the work according to the plan, and producing 
high quality products (Soto & Reyes 2010). 

Soto and Reyes (2010) argue that the implementation of 
the PSP methodology in the teaching process allows the en-
gineers to set criteria for assessing performance in the devel-
opment processes used for developing software products. 

Runeson (2001; 2003) presents the results of a research 
about the implementation of PSP in the first year students of 
undergraduate and graduate courses, making a comparison 
among them to measure their performance. Runeson (2001; 
2003) concludes that graduate students perform better plan-
ning of the time estimation regarding to time and make the 
programs run in less time; the freshmen are more dispersed 
and less ordered in the process and they do not have high 
programming skills which limits the use of this methodolo-
gy. 

At the University of Oulu in Finland, PSP is a required 
course for students specializing in Software Engineering and 
has generated results indicating a significant improvement in 
the estimation skills, productivity, and assertiveness in the 
development of software applications; the defects detected in 
the test phase were reduced substantially, also reflected by 
the isolated work of industry and academia. This learning 
process is not directly applied in industry (Abrahamsson & 
Kautz 2002). 

Borstler et al. (2002) pose that five universities in the 
U.S. use the PSP methodology for teaching concepts and ap-
plications of software engineering in several contexts. Can-
non et al. (2002) recognize the importance of teaching soft-
ware engineering based on the practice and the use of quality 
methodologies in order to ensure a professional future with 
high productivity, especially in major projects. So, the usage 
of laboratories is increased, and curriculum and pedagogical 
alternatives in the teaching-learning process are updated. 

According to Clement et al. (2005), related to program-
ming courses, teaching and course contents should consider 
a set of activities for allowing students to acquire some of 
the transferable skills by the end of their learning process. 

2.4 Meaningful Learning 

The strategies used to improve productivity and assertive-
ness indicators in software development allow for students to 
have an increase in achieving meaningful learning by com-
bining theory with practice. Ausubel (1997) gives a special 
definition to the meaningful learning process: incorporating 
new information or knowledge into an organized system of 
prior knowledge in which some elements have relationships 
with the new ones. 

The student who did not develop such schemes cannot 
relate meaningfully new knowledge with their weak under-
standing schemes. In this sense, given the requirement of the 
demand for learning disciplinary content, knowledge can be 
only incorporated in an arbitrary, rote, superficial or partial 
way. Such knowledge is difficult to apply in practice and, 
therefore, easily forgotten. 

3 STRATEGIES IMPLEMENTED IN THE 
CLASSROOM 
 

The first strategy we propose is related to perform initial 
programming exercises based on processes of the PSP meth-
odology (Humphrey 2000a) Planning, development, and 
self-learning create on the students the software development 
discipline, ensure concentration, and highly support the 
learning of the programing language being used. This strate-
gy aims to establish a student baseline and adopt a process in 
which the basic metrics for initiating a software product de-
velopment are recorded; some of such metrics are: estimated 
time, runtime, and deficiencies based on standard classifica-
tions. Also, at this level the student can discover the applica-
tion programming standards and the metrics records about 
the size of the generated programs. 
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The second strategy we suggest is adopting a coding 
standard, a size measurement, and an improvement proposal. 
This strategy allows us to measure performance based on the 
development process to establish a benchmark measure. The 
encoding standard determines the meaning of the natural and 
logical lines of code (LOC) in order to set the size of an ap-
plication expressed by using a conceptual model. We aim to 
reach improvement after evaluating several process varia-
bles. As a way to develop this strategy, students display a 
proposed exercise, including coding standards for a specific 
language. At the same time, the student performs the regis-
tration of defects, lines of code, time planned, and running 
times, which are estimated from assertiveness and productiv-
ity indicators. 

In the third strategy, we define a work plan based on the 
conceptual recognition of the proposed solution, establishing 
reusable components previously developed in the new solu-
tion. The estimation becomes a verifiable process, carried 
out from previous experiences recorded and measurable, 
based on student experiences from previous years. The work 
plan includes the registration of defects, lines of code, time 
planned and executed times, and estimations based on the 
registry of the aforementioned data. We also consider the 
construction of a conceptual design including the definition 
of existing, reusable components, identifying new pieces of 
code which help us to develop indicators of assertiveness 
and productivity. In order to develop this strategy, the stu-
dent uses the solution of a proposed exercise, identifies reus-
able pieces of code used in previous solutions and makes and 
estimation based on data collected in previous years. 

These strategies were applied to a 22-student group from 
the initial levels of a process of software development be-
longing to a software engineering program. 

4 RESULTS 
 
The application of the proposed strategies for improving 
productivity and assertiveness to students in software engi-
neering courses lead to several lessons learned. 

Before applying the strategies, students exhibit a lack of 
validated experience in estimating the software development 
process under established parameters. The estimated time is 
shorter than the time students really take for developing 
software applications. Hence, a low degree of assertiveness 
is detected. The results are displayed in Figure 1. In a second 
stage, the estimated time is again shorter than the real time 
when developing software products, but the differences be-
tween estimated and real time diminish. This fact allows stu-
dents to infer the overestimated development time of the 
process. The improvement in estimating the development 
time is the result of the human condition itself after meeting 
defined and measurable process according to intuition and 

experience. As shown in Figure 2, the indicator of assertive-
ness has the same trend of Figure 1, but the times are now 
closer for most students. 

In Figure 3 we can see students showing low productivity 
during the completion of the first exercises, indicating a high 
delay in developing lines of code during the development 
process. The reason for such a delay is related to the way in 
which the student is gradually incorporating the strategies to 
standardize the software development process. Productivity 
is expected to increase as the students incorporate good prac-
tices in the process. 

When implementing improvement strategies for the soft-
ware development process in the classroom, some minimum 
difference between estimated and real time of the process is 
minimal is detected, leading to identify disciplined strategies 
and planning as leading factors to improve assertiveness (see 
Figure 4) in the estimation. The productivity is also in-
creased (see Figure 5), indicating improved efficiency in the 
development of each line of code, contrasting the initial 
amount of errors and time devoted to develop software ap-
plications. So, each line of code is developed faster than the 
development in the initial exercise. 

5 CONCLUSIONS 
 
Developing high quality software requires the training of 
professionals with a solid foundation in programming ele-
ments. Such foundation should be reinforced from the acad-
emy along the several courses proposed in the university, 
driven by the crucial role of professors. 

Based on the aforementioned hypothesis, it is important 
to define a strategy involving the methodology of algorithms 
and programming modules interacting with teaching quality 
models. We need to focus on the development process in or-
der to implement learner behavior to obtain good quality of 
software products. 

The presence of errors in the behavior of the student 
should be prevented in his actions, looking for the number of 
defects approaching to zero in the software development 
process. 

Methodologies should be implemented in several soft-
ware development courses for helping to raise the perfor-
mance of students and promoting a discipline which guaran-
tees better estimation skills—highly appreciated by the 
productive sector. 

Estimation and productivity (in the software development 
process) are not the result of the programmer intuition but a 
process based on data previously collected from similar ex-
periences by programmers. 

Productivity increases as the student increases the usage 
of good practices and software tools. 
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Figure 1. Estimated vs. Real Time before incorporating strategies for improvement 

 

 
Figure 2. Estimated vs. Real Time in a second exercise before incorporating strategies for improvement 

 

 
Figure 3. Initial productivity before incorporating strategies for improvement 

 



Software Engineering: Methods, Modeling, and Teaching, Vol. 2, Chapter #11, pp. 85–90 

 89 

 

 
Figure 4. Estimated vs. Real Time 

 

 
Figure 5. Productivity Final 
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1. INTRODUCTION 
 
The process of teaching and learning topics related to 
systems engineering and computer science requires special 
attention because of the need that exists related to the 
formalization of software development and software 
engineering. This need motivates the development and 
analysis of standards that allow for the definition of 
curriculum, skills, and profiles of professionals in computer 
science (IEEE-SWEBOK 2004). 

However, the need to establish the profiles of profession-
als in systems engineering requires innovation in learning 
methodologies. This innovation is necessary because it is 
crucial for the teaching-learning process of the students to be 
successful. 

In this Chapter, we present a proposal aimed at defining 
and implementing a set of learning strategies to first-level 
students of the systems engineering program. The strategies 
presented in this Chapter are aimed at ludic activities, which 
are incorporated as a learning method. In the case study pro-
posed in this Chapter, we define such activities for teaching 
specific subjects, which have experienced a decline in stu-
dent motivation in previous cycles. 

The structure of this Chapter is the following: in Section 
2 we present the fundamental concepts of playful activities 
in the teaching-learning process and previous experience of 
using them in the classroom; in Section 3 we present two of 
the ludic activities implemented in the course introduction to 
systems engineering; in Section 4 we show the results of ap-
plying playful activities; finally, in Sections 5 and 6 we 
summarize the conclusions of the work and the proposed ac-
tivities as future work. 

2. THEORETICAL FRAMEWORK 
 
2.1 Use of playful activities as a learning method 
 
Ludic activities are being incorporated into the teaching-
learning process at primary, secondary, and higher education 

seeking to motivate students and make them active agents in 
their learning process (Gee 2003). 

Some of the relevant features of ludic activities as a 
teaching tool technique are: 
 

• Motivation: Playful activities provide entertain-
ment to its participants, who choose being part of 
them driven by the desire of having fun (Jensen 
2006; Lee et al. 2004; Dibona 2004). 

• Representativeness: It is possible to simulate a part 
of reality by using ludic activities (Kasvi 2000). 

• Interactivity and dynamism: Besides representing 
a part of reality, it is possible to interact with it. 
(Kasvi 2000). 

• Safety: It is possible to recreate a part of reality, 
but avoiding any danger of physical harm to the 
health or integrity (Kasvi 2000). 

 
All of these features justify the playful activities as an 

important tool to supplement traditional teaching strategies 
and increase the levels of motivation in students. 

 
2.2 Previous experiences of using playful activities in 
the teaching-learning process 
 
One of the most widely used recreational activities in the 
teaching-learning process is gaming; games are defined as 
interactive activities that replicate the conditions expected in 
the real world, in order to stimulate learning in decision 
making (Dempsey et al. 1996). 

The following are two examples of game incorporation in 
teaching-learning processes: 

 

a) Using videogames in elementary and secondary 
education with teacher guidance. 

b) Introducing games at the university context for 
teaching the software rngineering course to systems 
engineering students. 

 
Videogames in elementary and secondary education 
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Commercial videogames released to the market in recent 
years represent reality with a level of detail so close, that 
some of them—e.g., SimCity® and Civilization®—are used 
in courses of history and social sciences to supplement 
lectures. The videogame SimCity® is used in the educational 
context to give the student the role of a city mayor in 
different scenarios (Kolson 1996), seeking to reach a 
reflection on issues associated with social dynamics and 
evolution. In fact, due to the impact of this game, the studio 
who produces it published a playgroup under the name 
"Sim" focused on economic management and practice on 
several environments, as is the case of SimFarm® or 
Simhealth®, which are also used as educational tools. 
Videogames of the Civilization® series are incorporated in 
history classes to bring the player management and balance 
for the infrastructure construction, military progress, 
exploration, and scientific advances, beginning with a tribe 
and ending in a global scenario with different civilizations 
fighting each other (Bittanti 2005). 

Related to videogames designed for educational purpos-
es, for elementary and secondary education, we can highlight 
two projects. First, Burgos et al. (2006) design the game 
"caminatas" implemented in flash/action script for the acqui-
sition and fixation of the Spanish language. Similarly, Denis 
and Jouvelot (2005) present the project Cha-Luva Swing 
Festival, which is a videogame for teaching music in elemen-
tary school that allows students to play instruments accom-
panying known melodies by using a map of controls. 
 
Games for teaching at the university context 

 
At the university level, for the software engineering subject 
included in the computer science program, some games were 
used to supplement the theoretical sessions. This subject 
integrates people and processes and it is necessary to 
develop communication skills and work team. Some of these 
games are: 

 
• Problems and Programmers: a card game used to 

illustrate the process of software development, 
emphasizing the implementation phase, where 
programmers face human-based, technical, or 
scoping problems (Baker et al. 2005). 

• Requirements game: Roleplay guided to the de-
velopment of a small software application in the 
context of a project to simulate aspects like com-
pliance with requirements, specialization of func-
tions, completeness of documentation, teamwork, 
etc. (Zapata & Awad 2007). 

• Consistency game: puzzle game aiming to show 
students the relationships among different UML 
diagrams, which correspond to the most accepted 
standard for information systems modeling in 
software engineering (Zapata & Duarte 2008). 

• Risk Management Game: board game developed 
in Carnegie Mellon University for teaching the ba-
sics of risk management in the software develop-

ment process. This game is used in different soft-
ware engineering courses in order to enhance deci-
sion making regarding risk management, simulat-
ing a software development project (Taran 2006). 

3. PROPOSED ACTIVITIES 

Course Overview 

At the Universidad de Medellín, the subject Introduction to 
Systems Engineering is an introductory course aiming to 
show an up-to-date overview of the approaches to computer 
sciences in a global context. The main concern of the course 
is motivating interest in engineering as a field of knowledge 
base for systems engineering (computer sciences). In order 
to achieve this goal, several topics are addressed ranging 
from the history of computing to more advanced topics in 
computer areas such as software engineering methods, 
languages, and programming models, among others. 

Addressing various topics in this course requires appro-
priation of teaching and study methodologies trying to pro-
mote the motivation and interest in research, and resolution 
of real problems by using engineering as a discipline and 
computing as a forward factor. 

In pursuit of implementing pedagogical methodologies 
for teaching the computer science subjects employing meth-
ods of ingenuity, creativity, innovation, and entrepreneur-
ship, in the first semester of 2012 we implemented playful 
activities in the introductory course to systems engineering. 

Target audience 

First semester students of the computer science program are 
teenagers ranging from 15 to 18 years old. 93% of the 
students have recently graduated from secondary schools and 
only 7% of students have completed a technical career. 

Playful activities implemented 

Throughout the first semester of 2012, we used a total of five 
ludic activities in the course introduction to systems 
engineering. Two of them are described below: 
 

Ludic Objective Subject area 
addressed 

Interviews with 
experts 

Create teamwork 
skills and work 
planning. 

Topics of interest 
in the Medellín 
workplace. 

Engineering 
Graffiti 

Build skills of 
creativity and 
innovation. 

Engineering 
Graffiti. 

 
Interviews with experts 
 
We give the following statement to the students: 
 
The project to be performed consists on the following: 
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I. Systems Engineer Interview 
Select a professional to be interviewed. The professional 
should have at least one year of experience as a systems 
engineer and be currently working. 
 
II. Methodology 
The project consists on conducting an interview with a 
professional in either systems engineering or computer 
science. The assignments and their percentage for grade are 
the following: 
 

• ASSIGNMENT 1. Presentation and results of the 
interview. The presentation will be graded indi-
vidually. The questions the public ask will be as-
sessed as well as the responsiveness of the exhibi-
tor. It is 5% of the second grade. You may support 
your presentation with different media such as 
video, audio, slides, etc. that will be of great value 
to the evaluation. 

• ASSIGNMENT 2. Elaboration of a written report 
of the interview. This report must be organized by 
chapters. It is recommended to take into account 
the rules for submission of a report according to 
ICONTEC. It is advisable to analyze especially the 
way of writing the introduction and conclusions. It 
is 5% of the second grade. 

 
III. Recommendations for the written report 
This report can be organized considering the following 
chapters and sections: 
 
• Chapter I. Introduction 
• Chapter II. Articulation report. This chapter must be 
composed by the following sections: 
 

o Interview preparation: It is recommended to use the 
following activities to prepare the interview. In the 
Chapter I of the written report must be evidenced 
the results of these activities in the interview 
preparation section. 
 Determine objective and scope of the interview, 

select potential interviewees, analyze and 
investigate the profile of the selected 
respondent (Research). 

 Prepare questions that will arise, and documents, 
supporting tools and resources necessary to 
carry out the interview (Organization). 

 Set a time limit and prepare the agenda for the 
interview (Psychology). 

 Choose a place to carry out the interview with 
comfort (Logistics). 

 Make the appointment well in advance 
(Planning). 

o Conducting the interview: It is recommended to use 
the following activities to conduct the interview. In 
the Chapter II of the written report must be 

evidenced the results of these activities in the 
interview conducting section. 
 Explain broadly the purpose and scope of the 

study (Honesty). 
 Explain the role as interviewer (Fairness). 
 Ask specific questions to get quantitative answers 

(Facts). 
 Avoid questions that require interested opinions, 

subjectivity, value judgments and similar 
attitudes (Skill). 

  Avoid whispering and meaningless phrases 
(Clarity). 

 Be courteous and polite; refrain from making 
value judgments (Objectivity). 

 Keep control of the interview, avoiding 
digressions and comments out of the question. 

 Listen carefully to what is said, avoiding 
anticipated responses (Communication). 

 
• Chapter III. Documentation and analysis: This chapter 
must contain the organized documentation of the interview 
and an analysis in which the involved team take sides. For 
evidence of the team work, the group will present their 
findings in this chapter. The sections that make up this 
chapter are: 
 

o Article: This section should be written in the 
same way a newspaper article is written. Note that 
the writer of the interview makes a presentation of 
the topic and the interviewee, without making an a 
priori analysis of the results and then presents the 
interview itself, well organized. In the presentation 
of the work with the interviewee (Assignment 1), 
audiovisual support is significant support you could 
use. Note that this section requires a special care for 
the presentation (format) to be visually appealing, 
nice, and easy to read and understand for anyone. 
o Analysis: In a different section (other than article 
format) the team must write the analysis of the 
interview, the results, collected data, and general 
information. The team must make a description of 
the personal or professional appraisals about it. 
Extreme caution is recommended when writing this 
section; because it will be especially valued in the 
grading of the work. The team must take part in the 
writing of it; self-assessment of the team will be 
valued as long as good style, clarity, and 
concreteness. Keep in mind the objectives and scope 
defined for the interview; this will allow the team 
making personal judgments clearly and without 
unnecessary digressions.  

 
• Chapter IV. Conclusions 
 
IV. Delivery Standards 
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In a compressed file named interview.rar, the team must 
provide both assignments and attachments that have been 
used in either assignment, properly cited and referenced. 

 
Engineering Graffiti 
 
This playful activity is a knowledge appropriation technique 
that allows the student to analyze a particular issue to 
determine and characterize its use and implementation in the 
real world. 
 
The steps for its implementation are: 
 
I. Using the technique of lecture, you should give the 
student the basics of the issue to work. 
 
II. In a 90-minute period, we propose the appropriation 
dynamics called intelligent graffiti as follows: 
 

a. Grouping students by 3-people teams. 
b. Assigning subtopics to work. 
c. Analyzing and discussing the topic by teams in a 15-
minute period. 
d. Delivering material: a sheet of paper, three colored 
markers, scissors, crayons, glue, and cuts. 
e. Telling the students the rules of the dynamics: in a 15-
minute period, they should draw a picture explaining the 
proposed topic (see step b). The drawing cannot be 
accompanied by any kind of text and must be enough to 
explain the proposed topic. 
f. Explaining to the general group that the term has ended 
and give a 5-minute period to conclude and prepare the 
exhibition. Each specific group must delegate a leader to 
make a presentation. 
g. Make a 5-minute presentation including the findings of 
the topic worked by each group. 

 
III. As an evaluation mechanism along with the proposed 
dynamics, we propose an exchange of questions addressed 
by the moderator (i.e., the professor) and establish an 
additional incentive for students. 

RESULTS 
 
After completing the course introduction to systems 
engineering, we conducted the following poll to students, 
searching for feedback from the playful activities 
implemented: 
 

1. List three playful activities used in the classroom 
2. The learning level of concepts worked by using 

playful activities was (Select only one) 
Excellent, Good, Fair, Poor 

3. The number of ludic activities used in this course 
during the semester was (Select only one) 

Excessive, Adequate, Fair, Poor 

4. Do you consider the learning techniques based on 
playful activities are useful? Yes, No 

5. Would you like these techniques to be used in other 
courses? Yes, No 

6. When working with peers in these playful activities, 
you achieved as a team: (Select one or more 
options) 

a. Assign roles according to the skills of each 
team member 

b. Identify a group leader to coordinate the 
activity 

c. Negotiate different viewpoints to comply 
with the activity 

 
In Table 1, we show the answers of students to the first 

question which seeks to assess the level of recall of the play-
ful activities used. As you can see, approximately 50% of the 
students remember interviews with experts and engineering 
graffiti as the more meaningful ludic activities of the course. 

 
Table 1. Playful activities mentioned by students 

Ludic Activity Number of students 
Activity of the boxes 17 
Charts (Graffiti) 14 
Interview 14 
Crosswords 12 
Hangman game 1 
Videos  1 
Social Networks 1 

 
The second question is addressed to study the perceptions 

of students against the utility of playful activities in the 
learning process. As you can see in Figure 1, 36.4% of the 
students considered that the level of learning promoted by 
ludic activities was excellent and 54.5% rated it as good. 
90.9% of the first-semester students of the systems engineer-
ing program appreciate the use of playful activities in the 
learning process. 
 

 
Figure 1. Level of student learning by using playful activities 

 
Faced with the perception of the students about the 

amount of playful activities implemented in the course 
(question 3) most students considered it adequate (86%) and 
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only 9% and 5% considered it excessive and acceptable 
respectively, as shown in Figure 2. 

These responses show the high level of acceptance of 
playful activities in the classroom by students, but that 14% 
that cataloged the amount of playful activities as excessive 
or acceptable becomes an alert to continually improve the 
ludic activities and maintain balance between these activities 
and traditional teaching methods in the courses. 
 

 
Figure 2. Number of playful activities used in the course 
 

The fourth question directly asks students about the 
usefulness of the learning techniques based on playful 
activities. Of the twenty students polled, twenty agree that 
these techniques are useful and only two students answered 
negatively. In this way we ratify again the high value of 
playful activites in the classroom by the students of the 
course and the level of motivation that these activities 
generate on them. 

In question 5 we seek to explore whether students would 
like to use playful activities in other subjects within the 
learning process. In this case, eighteen students answered 
positively and four negatively, demonstrating again the level 
of acceptance of playful activities by students in the course 
introduction to systems engineering. 

Finally, question 6 aims to evaluate whether by using 
playful activities the students not only assimilated concepts 
of the subject but also developed teamwork skills (role 
assignment), leadership (recognizing a leader in the group), 
and negotiation. As shown in Figure 3, eighteen students 
said that by using the playful activities developed by teams 
they managed to assign roles according to the skills of each 
member, which is one of the most important activities of 
teamwork. In turn, thirteen students believe that doing the 
ludic activities by working in teams managed them to 
identify a leader to coordinate the activity, and eleven 
negotiated different viewpoints to meet the activity. These 
results show one of the major advantages of using 
techniques based on playful activities in the teaching 
process, which involves not only allowing the presentation 
of concepts of an area of knowledge, but also skills 
development as teamwork, negotiation skills and leadership, 
which are difficult to develop with traditional teaching 
methods. 
 

 
Figure 3. Other skills developed with playful activities. 

CONCLUSIONS 
 
From the implementation of playful activities in the course 
introduction to systems engineering in the first semester of 
2012, we can conclude: 
 

 Playful activities in the classroom generate high re-
call and motivation in students making them active 
participants in the learning process. 

 Students recognize ludic activities as a useful tech-
nique for their learning process that would like to 
have in other courses to improve the assimilation 
of concepts. Additionally, by using seven playful 
activities in the same course, most students con-
sider this an adequate but not excessive number, 
reflecting the level of acceptance of this technique. 

 When using playful activities in the classroom, it is 
crucial the prior preparation of them, since their 
success with students largely depends on the clari-
ty of explaining the dynamics and in a very good 
description of the steps to follow. 

FUTURE WORK 
 
Based on this experience we propose the following future 
activities: 

 
 Employing playful activities in other subjects of the 

Systems Engineering Program to supplement the 
theoretical classes. 

 Designing playful activities to introduce other topics 
of the systems engineering program. 

 Automating the designed playful activities, so that 
they can have a greater impact on the students and 
even using them in several subjects of the program 
simultaneously. 
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1 INTRODUCTION 
 
Meaningful student learning is a challenge for professors, so 
it is necessary implementing strategies in which students ac-
tually interact in the classroom and play an active role in 
learning (Morell 2009). This is proven by quotes like "Tell 
me and I'll forget; show me and I may remember; involve me 
and I'll understand" (Chinese proverb). Typically, students 
remember only those things in which they actually are in-
volved in. 

Software engineering teaching is also prone to such strat-
egies. We can facilitate interaction and practical knowledge 
acquired by students by using innovative strategies, which 
also develop skills such as creativity, decision making, and 
teamwork. 

In this Chapter we present some recreational workshops 
used in the seminar called information engineering belong-
ing to the software engineering area, which is the main trend 
of the systems engineering program at the Universidad de 
Medellín. Such workshops are used for motivating and gen-
erating actual and meaningful experiences for students. 

Once we define some basic terms, we present some pa-
pers related to the application of recreational workshops and 
games in the software engineering teaching. Then, we pre-
sent some results for a set of actual experiences (five work-
shops) which have the active participation of students in the 
classroom. Finally, the evaluation of such workshops by stu-
dents along with some conclusions and future work are pre-
sented. 

2 THEORETICAL FRAMEWORK 
 
This work is based on concepts belonging to software engi-
neering and teaching-learning games. Next, we present some 
definitions. 

2.1 Software Engineering 

Defined by the IEEE as "the application of a systematic, dis-
ciplined, quantifiable approach to the development, opera-

tion and maintenance of software, that is, the application of 
engineering to software" (Institute of Electrical and Electron-
ics Engineers-IEEE 1990). In other words, it is about giving 
an engineering approach to building software applications, 
instilling in students and future professionals that the pur-
pose of their profession is to design, build, and make opera-
tional certain types of systems used to meet the society needs 
(Ruiz 2007). 

Currently, some standards, like Curricula 2005, include 
software engineering as a curricular approach to systems en-
gineering at the undergraduate level (ACM 2005). In addi-
tion, some international references, like SWEBOK, reflect 
the knowledge required by a software engineer (IEEE 
Computer Society 2004). 

With the aforementioned facts, it is possible to highlight 
the importance of the software engineering area in the cur-
riculum of a software engineer. This is not only a stand-
alone discipline, but a transverse component approach so 
important as computer science, information technology, etc. 
(ACM 2005). 

In this context, it is necessary to implement strategies 
with actual student interaction in the classroom. We should 
allow students playing an active role that makes them pro-
tagonists of their own learning process (Morell 2009). 

2.2 Using games in the teaching process 

The teaching process of software engineering should not on-
ly present theory and concepts of the topic to the students, 
but also should enhance their skills in several fields: com-
munication, teamwork, negotiation, conflict resolution, and 
decision making, among other (IEEE Computer Society 
2004). 

The challenge for professors of this body of knowledge is 
related to adequately convey the concepts and best practices 
to the students, while motivate the aforementioned values. In 
order to promote this effect, the traditional teaching model 
does not seem to be the most appropriate strategy, given that 
this is a very complex discipline (Bohem 1976). 

On the other hand, there are non-conventional methods 
for teaching software engineering which aim to improve the 
assimilation of concepts and skills as well as encourage 
teamwork or leadership (Alvarez et al. 2001). 
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3 PREVIOUS WORK 
 
Games and recreational workshops have been used as a 
means for motivating the teaching-learning process, as well 
as being a strategy to improve the comprehension of con-
cepts by students. 

Games which use simple materials—e.g., paper, card-
boards, dice, chips, etc.—enable interaction among partici-
pants and allow for inexpensive game upgrades, while the 
design is refined and validated (Morell 2009). Conversely, 
computer simulated games require higher investments for 
custom development and upgrades, and the interaction be-
tween the participants—despite being real-time-based—
avoid face-to-face interaction. 

Next, we present some effort made for adapting and cre-
ating games and recreational workshops in software engi-
neering courses at the university level: 

 
 Problems and Programmers: Card game used to 

illustrate the process of software development, 
highlighting the implementation phase, where 
programmers deal with human and technical 
problems, and changes in the initial scope of a 
project (Baker et al. 2005). 

 Requirements Game: It is a role-based game aim-
ing to develop a small software application in a 
short period by simulating topics like compli-
ance with requirements, role specialization, 
documentation completeness, teamwork, etc. 
(Zapata & Awad, 2007). 

 Consistency Game: It is a puzzle-type game aim-
ing to show students the relationships between 
several UML (Unified Modeling Language) di-
agrams, which nowadays seems to be the most 
accepted standard for information systems mod-
eling in Software Engineering (Zapata & 
Duarte, 2008). 

 Risk Management Game: Board game that was 
developed in the Carnegie Mellon University for 
teaching the basics of risk management in the 
software development process. This game is 
used in different software engineering courses in 
order to enhance decision making regarding risk 
management by simulating a software develop-
ment project. Taran (2007) describes the materi-
als used, the rules of the game, and important 
aspects to consider when designing a game with 
educational purposes. 

 
In the following Section, we present some strategies built by 
the software engineering faculty at the Universidad de Me-
dellín (Antioquia-Colombia). 

4 IMPLEMENTATION OF STRATEGIES FOR THE 
SOFTWARE ENGINEERING TEACHING 
PROCESS  

4.1 Course context 

The strategies were applied in the course of information en-
gineering, taught in the third semester of systems engineer-
ing at the Universidad de Medellín. The course has 64 hours 
per semester. 

The course begins with an introduction to software engi-
neering. Then, concepts of development methodologies and 
software life cycle are reviewed. Next, business rule model-
ing of the organization under study takes place. Finally, the 
requirements engineering topic is boarded, focusing on the 
phases and techniques to address it. Most of the topics are 
implemented by using a project that is assigned by the pro-
fessor. Most students have an average of 20-21 years. 

4.2 Design and application of workshops and games 

During the design of either the workshop or the game, it is 
important to define the learning objectives, i.e., the expected 
achievements to be held by the participants at the end of the 
game/workshop. This is a critical success factor in the defini-
tion of the game mechanics (rules, criterion for selecting the 
winner, etc.). 

In this section, we present the structure and goals of a set 
of workshops executed in the course described above: 

4.2.1 Workshop: Interview with entrepreneurs in the 
software industry 

Our goal is promoting discussion among students about the 
importance of software engineering at the industrial level. 

According to the schedule established by the professor, 
each 3-to-4 student group conducts an interview, with the 
purpose to determine the importance of software engineering 
in the business environment. The steps to conduct the inter-
view are: 
 

 The professor creates a script for the interview. 
Some examples of questions are: Which compa-
ny do you work for? What is your role within 
the software development process? What do you 
think are the qualities a software engineer 
should possess in order to fulfill your business 
needs? Please tell us about some topics like 
knowledge, profile, values, and others deemed 
appropriate; within the software development 
lifecycle: What do you consider the most im-
portant phase and why? In that phase considered 
the most important: What skills should engi-
neers acquire in order to perform their work in 
the best way? What are the current trends in the 
software industry? What kinds of applications 
are being developed? What are the weaknesses 
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in the training of engineers coming into your 
business? 

 The professor selects a group of businessmen and 
tells them about the purpose of applying the in-
terview. 

 The professor assigns each group to one busi-
nessman; they meet with him and conduct the 
interview by using the script provided. 

 Groups go to the businessman workplace, by ap-
pointment, and they conduct the planned inter-
view. It is essential to do the exercise in the 
workplace of the interviewee. 

 The interview will last a maximum of 30 minutes 
and should be video recorded. 

 In the class following the interview, each group 
shares its experience with colleagues presenting 
the video and promoting a further discussion 
moderated by the professor. 

 After all groups present their interviews, some 
lessons learnt are discussed. 

4.2.2 Workshop: Say it only with graphics 

This technique aims to develop creativity and capacity for 
comprehending abstract concepts by students. With this 
workshop the professor cover the techniques employed in 
the requirements elicitation process. 

This activity requires from students to construct bill-
boards, explaining the requirements capture technique as-
signed by the professor. The following steps are needed to 
complete this workshop: 
 

 The professor asks students to bring to class 
newspapers and magazines to draw figures. 

 The professor assigns a requirements capture 
technique for each 3-to-4 student group (ethnog-
raphy, brainstorming, joint application devel-
opment, etc.). 

 The group has 30 minutes to assemble a billboard 
for explaining how the assigned technique is 
performed. Every concept should be explained 
with graphics (no text is allowed). 

 After this time, one representative chosen by the 
group explains to his/her colleagues the bill-
board designed. 

 The professor gives room for a discussion in 
which doubts are clarified. 

4.2.3 Workshop: SAFARI 

By participating in this workshop, the entire group seekd to 
collect a set of requirements of a software application, thus 
encouraging teamwork. This strategy was applied to com-
prehend one of the requirements capture techniques. The fol-
lowing are the steps: 
 

 The workshop takes place in the classroom and 
some workstations are defined. 

 The professor prepares the questions to be solved 
(one for each workstation, and all designed to 
meet the requirements of a particular computer 
application). 

 According to the number of participants, the pro-
fessor estimates the size of the groups. There 
will have a station for each 5-to-8 student group. 

 Once the groups are formed, each one is placed 
on charge of a workstation and assigned to a 
question. Materials like construction paper, 
markers, computer, etc. are delivered to each 
group. 

 Each group should appoint a facilitator (who as-
signs turns and coordinates the discussion), a 
leader (to be the representative of the group in 
front of the other peers) and a reporter (who 
takes notes of all the contributions of peers). 

 Each group answers the assigned question, and 
goes on to the next station when demanded by 
the professor.  

 All of the groups should go to all of the stations 
and generate discussions for completing the 
contributions of the colleagues, whom came be-
fore solving the question at hand in the station. 

 Once the necessary rounds have been made, with 
the help of each team leader a process to filter 
all ideas is done, seeking to negotiate those con-
flicting ideas, if any. 

 Finally, a report on the collection of all ideas is 
done and a set of lessons learned is generated. 

4.2.4 Workshop: Word Search 

This activity aims to facilitate the assimilation of acronyms 
related to software engineering standards by the students. 

Once a set of acronyms based on a topic is presented, the 
students look at the alphabet soup given by the professor by 
using a software application called EducaPlay 
(http://www.educaplay.com/es/recursoseducativos/585691/es
tandares_en_ingenieria_de_software.htm), which also has 
additional features to manufacture other teaching exercises. 

Once all the acronyms have been found by the student, 
he/she should select two of them and provide a definition, 
expanding the concept by using search engines available on 
the Internet. 

5 RESULTS 
 
When the workshop is completed, it is important to get feed-
back from the students for validating the performance of the 
learning objectives and capturing their perception about 
some topics of the game, like the degree of realism, the fun 
factor, and the simplicity of the game dynamics, looking for 
future improvement. 
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Figure 1. Word search about software engineering 

standards (in Spanish). 
 

 
In order to analyze the perceptions of the students related to 
this kind of workshops, at the end of the semester they were 
asked to fill out an anonymous survey, in this case answered 
by 18 students. Below are the questions and a brief analysis 
of the answers: 

 
 Question 1: Name three workshops used in class: 

 

 
Figure 2. Workshops that the students remembered 

 
We applied several workshops in the classroom, but most 
students recall say it only with graphics and interviews with 
entrepreneurs. By interacting with students and discussing 
with them was possible to infer that one of the most striking 
elements is the participation in activities outside the well-
known teaching strategies, that is, getting them out from par-
adigms, such as answering a question by only using 
graphics, as usual. 
 

 Question 2: The level of learning of the concepts 
involved in the workshops was (see Figure 3): 

 

 
Figure 3. Learning level using workshops 

It is worth noting that none of the students described the 
learning level of this kind of workshops as fair or poor, 
which allows us to deduce the workshops generate meaning-
ful knowledge. The workshops generate motivation, and this 
leads to a higher level of recall of the concepts as they were 
acquired in a recreation workshop or game and not common 
lectures. 
 

 Question 3: The amount of workshops used in 
this course during the semester seems to you 
(see Figure 4): 

 

 
Figure 4. Number of workshops used in the course 

 
As for the number of workshops used, it is important to do 
everything in the right measure in order to avoid overwhelm-
ing. Most students considered that an adequate number of 
workshops where applied during the course. 
 

 Question 4: Do you think it is helpful to use 
learning techniques based on recreational work-
shops or games? (see Figure 5): 
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Figure 5. Usefulness of workshops in courses 
 
Students are tired of receiving lectures where the professor 
transfers concepts that stay on slides and, in the best case, 
students take notes that they may use someday. Students pre-
fer activities which generate interaction and facilitate the re-
call of concepts by using fun elements incorporated into the 
classroom, especially in highly theoretical topics. Also, stu-
dents recognize the effort of professors in preparing these 
workshops; they find them more useful because they re-
member concepts learned by games and experienced in prac-
tice. 
 

 Question 5: Would you find useful such tech-
niques for using in other courses? (see Figure 
6): 

 

 

Figure 6. Use of workshops in other courses 
 
Most students would like these kinds of workshops to be 
used in other courses from the systems engineering program, 
especially for improving motivation. 
 

 Question 6: When you worked with your col-
leagues in these workshops, you achieved as a 
team (you can select multiple options, see Fig-
ure 7): 

 

 

Figure 7. Achievements using workshops in the course 
 
One of the biggest lessons learned from these workshops, in 
addition to the assimilation of concepts of the body of 
knowledge, is the empowerment of teamwork. On the other 
hand, students learn to recognize their strengths and weak-
nesses, and thus identify which role is best fulfilled within a 
team. Also, it is seen how these workshops can develop oth-
er skills in students, like teamwork and the ability to negoti-
ate different viewpoints or identifying a team leader to coor-
dinate the activity and help him/her in achieving the 
objectives. 

6 CONCLUSIONS AND FUTURE WORK 
 
Communication among individuals is a critical success factor 
deserving to be mentioned at the beginning of undergraduate 
training. Some non-conventional teaching strategies can be 
used in the software engineering tasks, especially in re-
quirements elicitation and problem analysis. 

Some group games based on recreational workshops are 
useful tools in the teaching-learning process, as they allow 
the student to be an active subject of the process generating 
greater recall of concepts over time. 

Additionally, these types of group activities allow stu-
dents to develop other key skills for a software engineer, like 
negotiation, leadership, and good communication skills. 

As future work, we propose to consider a related group 
of courses to implement joint activities like the ones de-
scribed in this Chapter, by using the same strategies and 
workshops in more specialized topics—e.g., software test-
ing. 
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1 INTRODUCTION 
 

Artificial intelligence has made significant contributions in 

education, providing teaching-learning environments with 

features such as content adaptation (knowledge) to the 

different students, flexibility in the presentation of the 

material, and autonomy in making decisions, among others 

(Gaviria et al 2011). 

In this Chapter we present an integration model of a CBR 

(Case-Based Reasoning) with a pedagogical multi-agent 

environment composed of an ITS (Intelligent Tutoring 

System) and a CSCL (Computer Supported Collaborative 

Learning). The integration can generate a more flexible and 

autonomous system, in order to improve some teaching-

learning processes adapting educational content to different 

students. The model was validated with Allegro; a multi-

agent environment for the teaching-learning process (Jiménez 

2006). 

These environments are reachable in terms of distance 

education, also known as virtual education (e-learning, b-

learning) at different levels of education systems because 

they take into account the cognitive profile of each student 

(Gaviria et al 2011). 

This Chapter is divided as follows: in the next section the 

instructional paradigm is developed. After that, an 

externalized model architecture and mechanism of awareness 

that allows collaborative strategy is explained and finally a 

pedagogical multi-agent system design is shown and 

conclusions are made. 

2 INSTRUCTIONAL PARADIGM 

2.1 Cognitivist Learning Paradigm 

The cognitive paradigm efforts focus on understanding the 

mental processes and memory structures in order to 

understand human behavior. It places all the credit for the 

success or the blame for the student learning failure. For 

cognitivism in learning, as in life, each person is the architect 

of his own knowledge (Chomsky 1965). The visible behavior 

of an organism in its learning processes is then replaced by 

internal processes of thought called generic solution to a 

problem (Jiménez 2006). 

2.1.1 PBL (Problem-Based Learning) 

PBL is the method mainly used in higher education; it is 

applied to work of a few members of groups, where students 

take responsibilities and actions that are basic in their 

education (Rhem 1998). 

The way conventional learning process takes place is 

invested to work in the PBL. While traditionally we first 

present the information and then we find its application in 

solving a problem, in the PBL we first show the problem, 

then we identify the learning needs, after searching the 

necessary information, and we finally return to the problem 

(Rhem 1998). 

3 MODEL ARCHITECTURE  

 
Before knowing the architecture of the given model, it is 

necessary to define the technique of artificial intelligence 

called CBR. A CBR works trying to get the solution of new 

problems in a similar way as humans do, that is, using the 

experience gained so far in similar events (Rossillea et al 

2005). A new problem is compared with previously stored 

cases in the cases memory and one or more cases are 

recovered. Later, it uses and evaluates a solution suggested 

by the cases that have been previously selected to try to apply 

them to the current problem (Delgado 2003; Gaviria et al 

2011). 

For explaining the architecture of this model, the overall 

process must be known in advance. It begins when a student 

completes the evaluation of a learning unit (BUL) and his/her 

result is not satisfactory. At this point, the system activates 

the context of CBR searching and selecting a successful 

previous case. The selected case is characterized by another 

student or students who have managed to get through it, and 
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the IO (Instructional Objectives) of the BUL have been 

studied, after having difficulties. Then, the system 

reschedules all the contexts for a student trying again and 

successfully achieving the IO of the BUL considering the 

data of the selected case. 

The model has four modules: planning, executing, 

evaluator, and retriever. The essential task is performed by 

the intelligent agents tutor and learner model. The other 

agents are used to support the teaching-learning process, as 

shown in Figure 1 (Jiménez 2006). 

The process begins when a student enters the system by 

using his/her identification. Data is received and validated by 

the agent interface and is sent to the agent learner model, and 

so identifying the cognitive profile of the student. This 

determines the BUL and IO to be learned. This information is 

sent to the module planner, where the agent tutor is 

responsible for developing the instructional plan. 

 

 
Figure 1. Architecture of model of CBR integrating intelligent agents, taken from Jiménez (2006) 

 

3.1 Planning 

After the system recognized the student cognitive profile, 

based on the data it has stored on his/her performance, the 

agent tutor (found in this module) develops the instructional 

plan which evolves according to the student actions. 

Following are described the elements used in developing the 

instructional plan (Jiménez 2006). 

3.1.1 Basic Units of Learning (BUL) 

They contain the name of the educational content that 

students should learn. It is framed within a course 

curriculum. The BUL are sequentially structured. 

3.1.2 IO (Instructional Objectives) 

The IO are the purposes of the BUL that a student should 

achieve after completing a course. 

3.1.3 Level of Learning 

Three learning levels are identified: basic, intermediate, and 

advanced. Learning levels are considered before presenting 

the knowledge with some degree of abstraction. For example 

for a student with a basic level of learning, knowledge is 

presented with more graphics, animations, videos, audio, and 

recurrent explanations. While for a student with an advanced 
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level of learning, knowledge is presented by using concept 

maps, formulas, few graphics, videos, animations, and more. 

That is, for this level of learning, knowledge is presented 

with a greater degree of abstraction. 

3.1.4 Knowledge 

Learning objects are represented as figures, diagrams, 

formulas, videos, exercises, solved problems, examples, 

animations, and simulations, among others. 

3.1.5 Methodology 

For the proposed model, we only considered two 

methodologies of learning: individual and collaborative. The 

knowledge and the methodology are grouped by activities to 

be performed during the process. 

3.2 Executor 

After having the instructional plan, the executor module 

sends the students the knowledge and collaboration required, 

by coordinating among expert, collaborative, and interface 

agents, according to their competencies. 

The student can spend the necessary time to grasp 

knowledge. After the learner does the activities planned for 

the BUL, he/she may request an assessment of his/her 

knowledge. This is achieved by the evaluator module. 

3.3 Evaluator 

The evaluator module function is performed by the 

diagnostic agent. The next step in the instructional process is 

to diagnose the level of knowledge acquired by the student 

employing an evaluation of the IO of the correspondent BUL. 

If the result of the evaluation satisfies the achievement of 

the IO, this information is sent to the learner model agent in 

order to update and save the student profile. Then, the system 

allows the student to proceed with the study of the next BUL 

within the instructional cycle. 

When a student, after taking the evaluation, does not 

achieve the proposed IO for the BUL, the model passes to the 

retriever component. 

3.4 Retriever 

When the evaluation results do not satisfy the IO, both the 

tutor and model learner agents call the retriever component 

which searches and selects a similar case where students, 

with a similar profile, have solved a similar situation and 

have achieved the IO. The retrieved case is proposed as a 

solution and sent to the planner component (tutor) to make 

changes to the previous plan (reschedule instruction) within 

the instructional cycle. 

When a student fails the IO and the retriever module does 

not find a similar case, the Planner module (tutor) sends a 

request to the Collaborative agent to suggest and establish 

communication with other advanced students in the issues 

that are in the collaborative channel in order to help the 

student. After reaching the IO of a corresponding student, the 

new case is saved in the Memory of Cases. 

3.5 Intelligent agents 

They are computer agents in charge of their own conducting 

work within the architecture model. In this case, pedagogical 

tasks which are the cognitive component show a certain 

behavior (Vicari et al 2007). There are six types: 

3.5.1 Tutor 

It is responsible for guiding the learning process and deciding 

pedagogical actions to perform (how and when).  

3.5.2 Learner model 

It is responsible for managing the student learning model. 

This model includes: learning style, understanding of issues, 

limitations, and the knowledge level of a student. 

3.5.3 Interface 

It is the bridge between users and intelligent agents. Its 

functions are related to establish and maintain interaction 

with the student; deploy knowledge and collaboration in the 

student interface. 

3.5.4 Expert 

It is which manages the knowledge and contents for area or a 

specific topic for teaching. It is composed by the BUL and 

the IO. 

3.5.5 Diagnostic 

It is responsible for selecting and qualifying the student level 

of knowledge. 

3.5.6 Collaborative 

By request of the tutor agent, it is responsible for searching 

other students who are trying the same topic and with whom 

another student can communicate synchronously or 

asynchronously to offer collaboration to the student. 

4 MECHANISM OF AWARENESS 
 

When a student has failed to accomplish the IO for the BUL, 

the CBR model is activated. The selected case could indicate 

that one of the methodologies is a collaborative work. In this 

Chapter we focus on illustrating the operation of the 

collaborative methodology. In other publications some 

additional issues are presented individualized work 

methodology (Jiménez et al. 2005; Jiménez et al. 2006; 

Vicari et al. 2007; Jiménez et al 2008; Jiménez et al 2009). 

The mechanism of awareness, which was modeled in the 

architecture section, has the fortress to support the inclusion 
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of a strategy to generate collaboration among members of a 

group. It captures the ability to communicate well and solve 

problems as a team. 

The mechanism is based on the philosophy of the 

Blackboard scheme, proposed by Nii (1986). The process 

starts when the teacher selects teaching assistants for each 

BUL according to their level of skill requirements to lead the 

session. Below we present each element that composes it 

(Jiménez 2006). 

4.1.1 Work agenda 

For each session, a schedule is made by the teaching assistant 

and the teacher in the shape of an agenda. The agenda 

includes, among others: the session title, start date, end date, 

and the proposed problems. This agenda is published on the 

board, also known as global memory (blackboard) so all 

users can view it. 

4.1.2 Publication of articles 

Students observe the proposed problems for each session, 

and according to their knowledge they try to solve such 

problems by publishing their contributions on the board. To 

do this, they can communicate with each other using 

communication services in both synchronous and 

asynchronous ways. 

4.1.3 Collaboration sought 

The collaboration agent role seeks for other students who are 

working for the same BUL. It suggests a particular student to 

communicate with them. 

The teacher constantly observes the contributions posted 

on the board evaluating their quality and the level of a 

student progress providing mechanisms of awareness for the 

other group members. It also provides recommendations to 

each student and group, as seen in Figure 2. 

 

 
Figure 2. Mechanisms of Awareness, taken from Jiménez (2006). 

 

4.1.4 Presentation of results 

At the end of a session, the teaching assistant presents a 

summary or a final collection of the most relevant 

contributions or those who solved the problem in a successful 

way. This stage of the process can be done in person without 

computers. The assistant presents a document which is 

published on the board and contains optimal solutions for 

each of the issues and conclusions related to the session. 

From the contributions published, the teacher evaluates both 

the process that made the group and each student production. 

Social evaluation can motivate students to increase their 

participation (Shepperd 1993). The teacher displays the 

answers, drawing away the assessment for each student. Final 

recommendations were also made. The generated knowledge 

can be used for future cohorts of a subject. 
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4.1.5 Evaluation of learning 

Within the context of the teaching-learning environment, two 

other forms of evaluation in CSCL are recognized. The first 

one is the group evaluation to both process and production. 

The second one is known as individualized evaluation; the 

professor sends to each student the evaluation via email. The 

aspects evaluated are related to the session treated, also 

involving concepts from the sessions learned. This evaluation 

happens to close a learning session. Students send the 

answers to the teacher by the same via. 

4.1.6 Feedback of learning 

According to the results of the evaluation, the teacher 

individually provides recommendations (feedback) to 

students. Notably, the teacher constantly monitors the work 

and progress of students, teaching assistants, and learning 

session (Janssen et al 2007), which is an aspect that is 

successfully considered in the awareness. The feedback 

allows us to track the progress of students. 

5 INTELLIGENT AGENT METHODOLOGY 

DESIGN 
 

The definition of a software engineering methodology for 

building computer systems usually does not begin from 

scratch, but it is a process of refinement, adding new aspects 

and perspectives of systems and languages and successfully 

integrating components of other previous methodologies. 

The methodology MAS-CommonKADS (Iglesias 1998) is 

used to model intelligent agents and KBS (Knowledge Based 

Systems). This methodology integrates knowledge 

engineering, software engineering, and object-oriented 

software engineering oriented to protocols. 

5.1 Conceptualization 

Some purposes are related to this phase: understanding the 

problem, identifying active and passive actors, and 

developing the requirements and formulating the goals to be 

achieved by the solution. One of the biggest problems in e-

learning systems is the difficulty for providing continuous 

education tailored to the specific needs and characteristics of 

each student (Silveira 2001; Jiménez 2006). 

The system comprises the following use cases (Jiménez 

2006): 

 Learner: has four top-level cases, named: log on 

to the ITS, CSCL log in, using tools offered by 

the environment, and exit. 

 Teacher: has eight top-level cases: log on to the 

ITS, CSCL log on, add, delete, modify, view, 

and use tools, and exit. 

 Teaching Assistant: has four top-level cases: 

CSCL log on, log on to the ITS, use tools, and 

exit. 

 Guest Expert: has eight top-level cases: log on to 

the ITS, CSCL log on, add, delete, modify, view 

and use tools, and exit. 

5.2 Analysis 

For the analysis phase, we use the models defined by the 

methodology MAS-Common KADS (Iglesias 1998). 

5.2.1 AM (agent model) 

Comprises the features of an agent and can be used as a 

bridge to the other models. The features of the AM are 

oriented essentially to services. Agents are able to perform 

and offer tasks, which are called services. The specification 

of the services is performed by a service ontology, described 

in the model of experience. The specification of protocols to 

offer and demand services is described in models of 

coordination and communication. The agents are further 

characterized by having objectives. A goal is a responsibility 

accepted by an agent (Iglesias 1998). 

Each exemplary of constituent agent has relations one-to-

one with constituents of capabilities, and many-to-many with 

constituents of services and goals as we show in Figure 3. 

 

 Identifying Agents: for distinguishing the agents 

of the system, we recognize the different tasks 

and roles of the actors considered in the concep-

tualization phase. 

 Identifying Objectives: objectives are set accord-

ing to the tasks assignment of each agent. 

 The teaching-learning process guide: guides the 

teaching/learning process serving as mediator 

among all software agents. To achieve those ob-

jectives, it constantly reschedules plans and in-

structions. 

 Student learning managing model: manages the 

student learning model and presents the appro-

priate case when the IO of a BUL fails. 

 Coordinate communication between software and 

human agents. 

 Provide knowledge: Evaluates the learning level 

of each student. 

 Provide collaboration: Seeks collaboration with 

other students who are studying the same BUL. 
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Figure 3. Constituents and Relationships of the AM, taken from Iglesias (1998) 

 

5.2.2  TM (Task Model) 

It describes the tasks, objectives, subtasks, components, 

and problem solving methods that the agents can perform to 

achieve each objective. Table 1 depicts this distribution. 

 
Task 

Agent 
T1 T2 T3 T4 T5 T6 

Collaborate X X X X X X 

Learner Model  X     

Expert    X   

Diagnostic     X  

Interface   X X  X 

Collaborative      X 

Table 1. Task–Agents Distribution 

 

T1 - The teaching-learning process Guide: generates 

learning sessions. On the subtask it reschedules the 

instruction where the CBR cycle is conducted. In Figure 4, 

we show the decomposition of tasks into subtasks. 

 

 
Figure 4. Decomposition of task T1. 

 

T2 - Managing Learner Profile: manages the learning 

model of a student and manages his/her profile and the base 

cases. A description of the task is shown In Figure 5. 
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Figure 5. Decomposition of task T2 

 

T3 - Coordinate communication between agents: 

manages communication of human agents with software 

agents, according to Figure 6, which describes the task. 

 

 
Figure 6. Decomposition of task T3 

 

T4 - Provide knowledge to the learner: provides content 

to student learning. The task description is shown in Figure 7. 

 

 
Figure 7. Decomposition of task T4 

 

T5 - Evaluate the level of the learner: manages and evaluates 

student assessments. The description of the task is shown in 

Figure 8  

 
Figure 8. Decomposition of task T5 

 

T6 - Provide collaboration: searches collaboration among 

students to deliver it to other students. Their description is 

shown in Figure 9. 

5.2.3 CoM (Coordination model) 

It describes the interactions among software agents. Here 

we identify and describe each of the interactions among 

different agents. 

 

Identification of the conversations: In the above, some 

conversations are already implicitly identified. However, in 

Figure 10 we illustrate these communications, using the 

technique of internal use cases. 

 

 
Figure 9. Decomposition of task T6 

 

 
Figure 10. Internal use case of the conversations 

 

Decryption of the conversations: is made from two points 

of view: 

* External: analyzing the purpose, preconditions, and 

post-conditions of a conversation. Participants can see it 

graphed using internal use cases of Figure 11. 

* Structural: contains the phases of a conversation and 

interventions that occur in each phase. 

 

In Figure 11 we present the software agents’ 

conversations, among which we may identify: 

 

 C1 - determines tutoring. 

 C2 - provides knowledge. 

 C3 - sets collaboration. 

 C4 - request evaluation. 

 C5 - relates profile-cases. 

 C6 - determines knowledge. 

 C7 - determines collaboration. 

 

Description of communication protocols: once the talks 

are identified and described, the interventions are also 

described, in other words, the messages are exchanged. 

Initially performed in natural language, and then it is 

progressively formalized. A conversation begins fulfilling a 

purpose and may elapse with different communication 
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protocols. For this reason the following scenarios were 

identified: 

 

 P1 - determines tutoring. 

 P2 - provides knowledge. 

 P3 - sets collaboration. 

 P4 - requires evaluation. 

 P5 - relates profile-cases. 

 P6 - determines knowledge. 

 P7 - determines collaboration. 

 

 
Figure 11. Flow of conversations between agents 

 

Basic communication channels: after developing all 

communications, it determines the valid messages among 

agents; a diagram illustrating communication is shown in 

Figure 12. 

 

Identification of services: after identifying the interactions 

between agents, the services offered can be identified and 

required by each agent. Once an agent accepts executing a 

service to other agents, it is set as goal of that service 

execution. The services identified are: 

 

 S1 - provides tutoring. 

 S2 - provision of knowledge. 

 S3 - provides collaborative problem solving. 

 S4 - provides student assessment. 

 S5 - provides cases. 

5.2.4 CM (Communication model) 

It describes the interactions between a human agent and an 

intelligent agent. It takes into account human factors in 

interactions.  

5.2.5 OM (Organization model) 

It is a tool for analyzing both human organization, which 

includes agency of agents, and their relationship with the 

environment. 

 

 
Figure 12. Basic Channels of Communication 

 

Identification of the inheritance relationships: grouped as 

classes of agents which share similar capabilities. In this 

case, all agents are basically grouped. All other agents inherit 

communication protocols, sending, receiving and processing 

of messages, among others, from them. 

 

Identification of objects in the environment: in this issue 

there is no well-defined environment because agents are not 

physical. This conclusion can also be obtained to verify that 

no sensors or actuators are needed to define textual templates 

of the agents. Therefore, no "reactive" targets to certain 

external events can be identified. 

 

Identification of the organizational structure: represents 

the class hierarchy of the agent system, the hierarchy of 

agents in this model is shown in Figure 13. 

 

 
Figure 13. Hierarchy of system agents. 

5.2.6 EM (Experience model) 

It involves identifying, describing, structuring knowledge and 

agents requirements to perform their tasks. The main activity 

is the development of knowledge domain. 

 

In Figure 14 we show the diagram of model concepts 

presented in this chapter and in Table 2 the relationship of 

ontologies with domain concepts. 
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Figure 14. Diagram concepts 

 

 
Ontology Concept 

Ont1 - Tutoring. Planning of learning. 

Ont2 - Knowledge. Basic Units of Learning. 

Ont3 - Collaboration. Communication services. 

Ont4 - Diagnostic. Valuation. 

Ont5 - Cases. Resources. 

Table 2. ontology–concept Relation 

6 CONCLUSIONS  
 

In this Chapter we presented the instructional paradigm 

model, architecture, and mechanism of collaborative design 

environment. 

The instructional paradigm model is based on the 

advantages of various pedagogical paradigms, namely 

cognitivism and problem-based learning. 

The atmosphere encourages students to become 

responsible for their own learning, developing skills such as 

observing, browsing, searching, selecting, researching, 

analyzing, criticizing, inferring, synthesizing, and evaluating 

information, assuming a more proactive role in building their 

own knowledge. 

In this Chapter we defined a CBR model by integrating 

intelligent agents using the MAS-CommonKADS 

methodology. The CBR is an artificial intelligence technique 

that can store and recall past experiences where users have 

solved satisfactorily after having encountered difficulties in 

achieving a goal. This allows experts to successfully use this 

technique in the design of teaching-learning environments as 

it offers potential benefits when taking instructional actions. 
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