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Preface

Advanced Methodologies and Technologies in Media and Communications is a single-volume major
reference work comprised of 50 unique chapters focusing on some of the most innovative technologies
and methodologies in the world of media and communications.

Aiming to serve the needs of libraries, corporations, research organizations, independent researchers,
practitioners, linguists, scientists, policymakers, and instructors, this publication encompasses advanced
cross-disciplinary knowledge on the conceptual, methodological, and technical aspects of a wide range
of subject matter — from data journalism to social media.

Attention is also given to emerging topics including but not limited to collaborative learning, natural
language models, online communication, digital games, and hypermedia systems.

The concepts presented within these chapters are sure to support a wide range of future advancements
and new research initiatives in numerous industries and/or fields. Additionally, this publication could be
extremely beneficial for use in coursework by instructors of various media and communications programs.

Advanced Methodologies and Technologies in Media and Communications is organized into six
sections that provide comprehensive coverage of important topics. These sections are 1) Communica-
tions Theory, 2) Gaming, 3) Language Studies, 4) Multimedia Technology, 5) Social Networking and
Computing, and 6) Sports and Entertainment.

The following paragraphs provide a summary of what to expect from this invaluable reference source:

Section 1, “Communications Theory,” is comprised of four chapters and opens this extensive refer-
ence source by highlighting the latest coverage of communications across various mediums and disci-
plines. The first chapter in this section, “Communication, Information, and Pragmatics,” authored by
Profs. Adriana Braga from Pontifical Catholic University of Rio de Janeiro, Brazil and Prof. Robert K.
Logan from the University of Toronto, Canada, clarifies the relationship between communication and
information by considering pragmatics. For communication to occur, the information that is transmitted
must be processed within the social context of the sender and the receiver, or in other words, through
the use of pragmatics.

The second chapter in this section, “Data Journalism,” authored by Profs. Andreas A. Veglis and
Charalampos P. Bratsas from the Aristotle University of Thessaloniki, Greece, explores the issue of
data journalism. It includes a definition of data journalism as well as a discussion on the necessary ICT
skills that journalists should have in order to cope with this new type of journalism. Also, it examines
the relation between data journalism and open data.

The third chapter in this section, “Investigating Diachronic Variation and Change in New Varieties
of English,” authored by Prof. Rita Calabrese from the University of Salerno, Italy, focuses on the pro-
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cesses of language feature convergence which gradually led to linguistic stabilization over time, whereby
specific attention will be given to the process of Englishization in the South-Asian area.

The fourth and final chapter in this section, “Negotiating Local Norms in Online Communication,”
authored by Prof. Jonathan R. White from Hogskolan Dalarna, Sweden, investigates the norms of English
usage in a community of novice students on a net-based MA program.

Section 2, “Gaming,” is comprised of 10 chapters and explores emerging innovations in the use of
games for educational purposes and across other disciplines. The first chapter in this section, “Application
of Gamification to Blended Learning in Higher Education,” authored by Profs. Kamini Jaipal-Jamani
and Candace Figg from Brock University, Canada, illustrates the application of gamification to blended
learning in higher education. It also discusses the design and implementation of gamified blended courses.

Another chapter presented early within this section, “Clinical Use of Video Games,” authored by Prof.
Ben Tran from Alliant International University, USA, covers the history of video games, video games
in psychotherapy, and the different types of video games and their usages in psychotherapy.

Another noteworthy chapter in this section, “Learning With Games and Digital Stories in Visual
Programming,” authored by Prof. Wilfred W. F. Lau from The Chinese University of Hong Kong, China,
traces the recent development and the use of games and digital stories for engaging students in learning
in visual programming environments. It reports on the application of game development-based learning
and educational digital storytelling to engage students in learning in visual programming environments.

One of the closing chapters, “Serious Games Advancing the Technology of Engaging Information,”
authored by Profs. Peter A. Smith and Clint Bowers from the University of Central Florida, USA, focuses
on various features of serious games that have emerged that are building very personal and informational
games that combine the power of well-designed good games and a personal passion for the topic that
the game covers.

The final chapter in this section, “Towards Modelling Effective Educational Games Using Multi-
Domain Framework,” authored by Profs. Mifrah Ahmad and Lukman Ab Rahim from the Universiti
Teknologi PETRONAS, Malaysia, Prof. Kamisah Osman from the Universiti Kebangsaan Malaysia,
Malaysia, and Prof. Noreen Izza Arshad from the Universiti Teknologi PETRONAS, Malaysia, highlights
modeling and design methods to provide an effective development of educational games (EG) with as-
surance of effectiveness. It also examines the relationships among educational game elements in order
to provide game developers, software engineers, and game designers with a medium of understanding
the connections, interrelations, and interactions between game elements and game domains.

Section 3, “Language Studies,” is comprised of three chapters on the use of technology in developing
language skills and difficulties and challenges of language translation. The first chapter in this section,
“Mobile Testing System for Developing Language Skills,” authored by Prof. Svetlana Titova from Far
Eastern Federal University, Russia, investigates the pedagogical impact of both the mobile testing sys-
tem PeLe and enquiry-based approach on language skills development in the context of mobile-assisted
language learning. The study aims to work out a methodological framework for PeLe implementation
into a language classroom through immediate feedback and formative assessment.

The second chapter in this section, “Nominalizations in Requirements Engineering Natural Language
Models,” authored by Prof. Claudia S. Litvak from the Universidad Nacional de La Matanza, Argentina
& Universidad Nacional del Oeste, Argentina, Prof. Graciela Dora Susana Hadad from the Universidad
Nacional del Oeste, Argentina, and Prof. Jorge Horacio Doorn from the Universidad Nacional del Oeste,
Argentina & Universidad Nacional de La Matanza, Argentina, analyzes the influence of nominalization
on the quality of requirements engineering documents. There are sometimes appreciable differences

XVi
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between using a verb form or its nominal form, while in other cases they may be synonyms. Therefore,
the requirements engineer must be aware of the precise meaning of each term used in the application
domain in order to correctly define them and properly use them in every document. In this chapter,
guidelines about treatment of verb nominalization are given when constructing a specific glossary, called
Language Extended Lexicon.

The third and final chapter in this section, “Word Formation Study in Developing Naming Guidelines
in the Translation of English Medical Terms Into Persian,” authored by Prof. Ali Akbar Zeinali from the
Universiti Sains Malaysia, Malaysia, provides a comparative analysis of the characteristics of Persian
medical terms, using the universal naming guidelines and local naming principles in Persian. It also
examines the similarities and differences of the compatible and incompatible terms (Persian equivalents)
with respect to the applied translation procedures and the employed word formation processes.

Section 4, “Multimedia Technology,” is comprised of six chapters on multimedia technologies within
their specific application areas as well as developing trends for the future. The first chapter in this sec-
tion, “Adaptive Hypermedia Systems,” authored by Prof. Ana Carolina Tomé Klock from the Federal
University of Rio Grande do Sul (UFRGS), Brazil, Prof. Isabela Gasparini from the Santa Catarina
State University (UDESC), Brazil, and Profs. Marcelo Soares Pimenta and José Palazzo M. de Oliveira
from the Federal University of Rio Grande do Sul (UFRGS), Brazil, highlights the importance of the
improvement and the use of adaptive systems. It also identifies some methods and techniques used to
adapt the content such as the applications ELM-ART, Interbook, AHA!, AdaptWeb®, and the trends of
standardization, data mining, social web, device adaptation, and gamification.

The second chapter in this section, “Group Synchronization for Multimedia Systems,” authored
by Prof. Dimitris N. Kanellopoulos from the University of Patras, Greece, illustrates various issues
on intra- and inter-media synchronization and presents the basic schemes for inter-destination media
synchronization (IDMS). It also presents in short IDMS standardization efforts and novel solutions for
new multimedia applications.

The third chapter in this section, “Metadata Standards in Digital Audio,” authored by Prof. Kimmy
Szeto from Baruch College, City University of New York, USA, examines how audio metadata enable
the re-contextualization, repackaging, and commodification of audio, integrating it with multimedia
contextual elements and transforming it into a new cultural product.

The fourth chapter in this section, “Multimedia-Enabled Dot Codes as Communication Technologies,”
authored by Prof. Shigeru Ikuta from the Otsuma Women’s University, Japan, outlines a state-of-the-
art dot code technology including a recently developed new application for a smart phone and presents
basic information regarding the creation of original handmade materials using dot codes and the use at
both general and special needs schools.

The fifth chapter in this section, “Semantically Enhanced Authoring of Shared Media,” authored by
Profs. Charalampos A. Dimoulas, Andreas A. Veglis, and George Kalliris from Aristotle University of
Thessaloniki, Greece, examines current trends and future perspectives of semantically enhanced media/
multimedia, considering all forms of non-linear storytelling, sharing, and authoring.

The sixth and final chapter in this section, “Transmedia and Transliteracy in Nemetical Analysis,”
authored by Dr. Michael Josefowicz from the Nemetics Institute Kolkata, USA, Dr. Ray Gallon from The
Transformation Society, France, and Dr. Maria Nieves Lorenzo Galés from The Transformation Society,
Spain, provides terms and definitions for transmedia and for the new set of personal skills and abilities
required to participate in it. It also presents the nemetic system, which facilitates analyzing, tracking,
and visualizing communication interactions in virtual transmedia environments.

XVii
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Section 5, “Social Networking and Computing,” is comprised of 25 chapters on the application of
social networking across various disciplines. The first chapter in this section, “Adolescents’ Food Com-
municationin Social Media,” authored by Prof. Christopher Holmberg from the University of Gothenburg,
Sweden, elucidates the complex and interwoven relationship between food and nutrition, social media,
and adolescents from a health communication perspective. The chapter draws upon empirical studies
and results, as well as related conceptual literature.

Another chapter presented early within this section, “Agent-Based Social Networks,” authored by
Profs. Federico Bergenti, Agostino Poggi, and Michele Tomaiuolo from the Universita degli Studi di
Parma, Italy, explores the goal of introducing social networks and how they can take advantage of a
decentralized architecture and how the use of multi-agent technologies help to cope with its security and
design issues and, in addition, support the creation of innovative services for its users.

Another noteworthy chapter in this section, “Online Dating/Dating Apps,” authored by Profs. Vladimir
Santiago Arias and Narissra Maria Punyanunt-Carter from Texas Tech University, USA, examines the
role of human perception of physical appearance during first impression formation which may better
tune with Tinder’s interface. The concept of technological affordance tuning is also discussed to explain
the success of online dating in addition to the new media pervasiveness argument.

One of the closing chapters in this section, “Using Social Media to Increase the Recruitment of Clini-
cal Research Participants,” authored by Prof. Saliha Akhtar from Seton Hall University, USA, explores
how clinical research continues to have difficulty recruiting participants. This chapter examines how
social media could be a promising new avenue for clinical trial recruitment that allows for a more posi-
tive experience for both investigative site personnel and potential participants.

The final chapter in this section, “Why It Is Difficult to Disengage From Facebook,” authored by Prof.
Sonda Bouattour Fakhfakh from the University of Tunis El-Manar, Tunisia, offers a theoretic attempt
to analyze the reasons of attachment to Facebook but through another perspective: the disengagement
phenomenon. The theoretical framework is based on the attachment theory and the actor network theory.
It investigates the relations between user attachment style and Facebook use and between Facebook user
and the Facebook platform (hardware and software).

Section 6, “Sports and Entertainment,” is comprised of two chapters on the application of sports in
computer science and education. The first chapter in this section, “Mining Sport Activities,” authored
by Profs. Iztok Fister Jr. and Iztok Fister from the University of Maribor, Slovenia, focuses on opportu-
nities of data mining in sports. The current applications of mining sports activities are also discussed.

The second and final chapter in this section, “Sport Exergames for Physical Education,” authored by
Profs. Pooya Soltani and Jodo Paulo Vilas-Boas from the University of Porto, Portugal, reviews some
of the relevant applications of sports exergames for inclusion in physical education and characterizes
one of these games (swimming) from different aspects of biomechanics, physiology, and psychology.

The comprehensive coverage this publication offers is sure to contribute to an enhanced understand-
ing of all topics, research, and discoveries pertaining to media and communications. Furthermore, the
contributions included in this publication will be instrumental to the expansion of knowledge offerings
in this area. This publication will inspire its readers to further contribute to recent discoveries, progress-
ing future innovations.

Mehdi Khosrow-Pour D.B.A.
Information Resources Management Association, USA

xviii
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Chapter 1

Communication, Information,
and Pragmatics

Adriana Braga
Pontifical Catholic University of Rio de Janeiro, Brazil

Robert K. Logan
University of Toronto, Canada

ABSTRACT

In this chapter, the authors first examine the meaning and significance of information, which will entail
a critique of Shannon information theory. They show it is really a theory of the transmission of signals.
They describe how MacKay and Bateson adds the element of meaning to the definition of information.
They then examine the proposition of Kauffiman et al. that organization is a form of information. Assuming
that it is not possible not to communicate, the authors emphasize the pragmatic dimension of commu-
nication. They argue that information, communication, and social interaction are inseparable elements
of production of meaning. Thus, as in any communication there are three simultaneous dimensions
operating as a system—syntactic, semantics, and pragmatics—and it is also the case that information,
communication, and social interaction are operating as a system.

INTRODUCTION

The intention of this article is to clarify the relationship between communication and information by
considering pragmatics. Although these terms are closely related, they are not the same. In order for
communication to occur the information that is transmitted must be processed within the social context
of the sender and the receiver or in other words through the use of pragmatics. That is, there is no com-
munication between the sender and the receiver if the receiver does not understand the information sent by
the sender. Information before it is interpreted is therefore nothing more than the signal. It only becomes
communication, if it is properly interpreted by the receiver of the information. And it is only through
the context or the pragmatics that the receiver can understand the intended meaning of the sender and
therefore as a result communication can take place. Misinterpretation leads to miscommunication. As no
interpretation is perfect as pragmatics between the sender and the receiver is never perfect the content of

DOI: 10.4018/978-1-5225-7601-3.ch001
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the communication depends on the user and the user’s interpretation, which McLuhan formulated with
his iconic one-liner the user is the content. In actuality the sender, the receiver and their understanding
of each other are all part of the content.

BACKGROUND

The context in which the information is interpreted is the only way that the meaning that was intended by
the sender can be understood by the receiver, but the meaning that the receiver attaches to the information
sent by the sender will always vary to some degree (Chan, Walker & Gleaves, 2015; Gibbs et al, 2015; Gui
& Argentin, 2011; Introna & Nissenbaum, 2000). Because the ‘user is the content’ all communication is
miscommunication to a certain degree. Perfect communication is an ideal that all communicators strive
to achieve through the art of rhetoric. To sum up what we have just posited: information is required for
communication but does not necessarily result in communication and never results in perfect communi-
cation. The extra ingredient that is required to transform information into communication is context or
pragmatics, which is never perfect. Recent methodological innovations try to account for the pragmatics
on digital environments (Boyd and Crawford, 2012; Hine, 2005; Lee and Chen, 2015).

In this article we will first examine the meaning and significance of information, which will entail
a critique of Shannon Information Theory. We will show it is really a theory of the transmission of
signals. We describe how MacKay and Bateson with their respective formulations of “information is
the distinction that makes a difference (MacKay, 1969)” and “information is the difference that makes
a difference (Bateson, 1973)” adds the element of meaning to the definition of information. We then
examine the proposition of Kauffman, Logan et al. (2007) that organization is a form of information and
that life entails the propagation of organization.

Assuming that it is not possible not to communicate, we emphasize the pragmatic dimension of
communication. We argue that ‘information,” ‘communication’ and ‘social interaction’ are inseparable
elements of production of meaning, even if analytically they can be conceived as independent concepts.
Thus, as in any communication there are three simultaneous dimensions operating as a system — syn-
tactic, semantics and pragmatics, and it is also the case that ‘information,” ‘communication’ and ‘social
interaction’ are operating as a system. In this sense, speech acts owe their meaning to performances in
the context of what information the sender sends, the interpretation of the receiver and the social context
that exists between the sender and the receiver. We argue that, from the differential emphasis on the
syntactic, semantic or pragmatic dimensions of communication, lies a major difference between models
for the theory of communication: communication as transmission of information or communication as
a relational activity.

Information: From Origins to Shannon’s Information Theory

The English word information according to the Oxford English Dictionary (OED) first appears in the
written record in 1386 by Chaucer. It is derived from Latin through French by combining the word
“inform” meaning “giving a form to the mind” with the ending “ation” denoting a noun of action. This
earliest definition refers to information as an item of training or molding of the mind. Information is not
an object but a process of forming or informing the mind.

2
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The notion of information as something capable of storage in or the transfer to something inanimate
and the notion of information as a mathematically defined quantity does not arise until the 20th century.
The beginning of the modern theoretical study of information is attributed to Claude Shannon (1948),
who is recognized as the father of information theory. He defined information as a message sent by a
sender to a receiver. Shannon wanted to solve the problem of how to best encode information that a
sender wished to transmit to a receiver. Shannon gave information a numerical or mathematical value
based on probability defined in terms of the concept of information entropy more commonly known as
Shannon entropy. Information is defined as the measure of the decrease of uncertainty for a receiver.
The amount of Shannon information is inversely proportional to the probability of the occurrence of
that information, where the information is coded in some symbolic form as a string of Os and 1s or in
terms of some alpha-numeric code.

MacKay’s Counter Revolution: Where Is the Meaning in Shannon Information?

According to Claude Shannon (1948) his definition of information is not connected to its meaning.
However, as Shannon suggested, information in the form of a message often contains meaning but that
meaning is not a necessary condition for defining information. So it is possible to have information
without meaning, whatever that means.

Not all of the members of the information science community were happy with Shannon’s definition
of information. Three years after Shannon proposed his definition of information Donald Mackay (1969)
suggested that information should be defined as “the change in a receiver’s mind-set,” and thus with
meaning. He defined information as “a distinction that makes a difference.” and not just the sender’s
signal (Hayles, 1999). The notion of information independent of its meaning or context is like looking
at a figure isolated from its ground. As the ground changes so too does the meaning of the figure. This
is a central idea of Marshall McLuhan’s (1964) approach to communications known as media ecology.

[McLuhan] believed that to understand the meaning of a figure one must take into account the ground in
which it operates and in which it is situated. The true meaning of any “figure,” whether it is a person, a
social movement, a technology, an institution, a communication event, a text, or a body of ideas, cannot
be determined if one does not take into account the ground or environment in which that figure operates.
The ground provides the context from which the full meaning or significance of a figure emerges. The
concern with the figure/ground relationship is consistent with McLuhan’s emphasis on interface and
pattern rather than on a fixed point of view (Logan 2011, p.2).

The problem with MacKay’s definition was that meaning could not be measured or quantified and
as a result the Shannon definition won out and changed the development of information science. The
theorizing that Shannon conducted through his combination of electrical engineering and mathematics
came to be known as information theory. It is ironic that the OED cites the first use of the term “infor-
mation theory” as that of MacKay’s who used the term in a heading in an article he published in the
March 1950 issue of the Philosophical Magazine. Gregory Bateson (1973) defined information as “the
difference that makes a difference,” which is now more often quoted than MacKay’s formulation. Both
MacKay’s and Bateson’s formulation contain the notion that it is the meaning of the information that
makes the difference. Another one-line definition of information that incorporates the notion of its mean-
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ing is Fredkin’s “The meaning of information is given by the processes that interpret it.” This is a very
insightful definition because it explicitly incorporates the notion that information depends on context.

If information is the distinction (MacKay) or the difference (Bateson) that makes a difference then
if there is no distinction or no difference then there can be no information. This would mean chaos or
random numbers contain no information because there is no difference or distinction in one part of the
stream of numbers as opposed to another part of the stream because of a lack of organization. This is
opposite to the conclusion of Shannon who claims that a stream of random numbers contains the maxi-
mum information. While it is true each element is different from the next and is a complete surprise it is
also true that the overall pattern of chaos and randomness is the same and hence there is no distinction
nor is there any difference in the stream of random numbers.

Feedforward and Cybernetics

I. A. Richards’ area of research was rhetoric, which he considered to be more than just the art of persua-
sion. Richards was concerned with the accuracy of human communication. He considered the field of
rhetoric to be about finding remedies for avoiding misunderstandings and hence improving communica-
tion as well as understanding how words work. He believed the notion of feedforward was an important
tool for achieving these ends. Feedforward is basically a form of pragmatics where pragmatics is the
use of context to assist meaning.

Richards first introduced the term feedforward in his address to the Macy conferees in 1951:

Perhaps this thing on which I want to put the spotlight will be considered to be included in some ingenious
way under the word “feedback.” But what I am going to stress stands in an obvious and superficial op-
position to “feedback,” and it will, in certain frames of thought, be given nearly, if not quite so much,
importance, and sometimes more importance than feedback itself in certain connections. It is certainly
as circular. You have no doubt fed forward enough to see that what I am going to talk about from now
on is feedforward. I am going to try to suggest its importance in describing how language works and,
above all, in determining how languages may best be learned (Richards, 1952, p. 54).

The coining of the term by Richards was no doubt influenced by the term feedback used by cyber-
neticians and according to the OED first introduced into the English language in 1920. But as Richards
pointed out feedforward stands in superficial opposition to feedback. Feedback is basically reactive
whereas feedforward is proactive. Feedforward anticipates where one is headed and sets one’s goals.
Feedback allows one to see how close one gets to their goals. Richards who stressed the importance of
providing the context of what one wanted to communicate might have coined the term feedforward to
complement the term feedback used by cyberneticians precisely because the audience that he was ad-
dressing at the Macy Conference included the man who coined the term cybernetics, namely Norbert
Wiener. The term feedforward as used by Richards suggested that in order to have one’s communication
understood it was necessary to literally feedforward the context of what one was planning to talk about.

Organization as Information

In an article entitled Propagating Organization: An Enquiry (POE) Kauffman, Logan, Este, Goebel,
Hobill and Shmulevich (2007) argued that Shannon’s (1948) classical definition of information as the
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measure of the decrease of uncertainty was not valid for a biotic system that propagates its organiza-
tion. The core argument of POE was that Shannon information “does not apply to the evolution of the
biosphere” because Darwinian preadaptations cannot be predicted and as a consequence “the ensemble
of possibilities and their entropy cannot be calculated.” Therefore a definition of information as reduc-
ing uncertainty does not make sense since no matter how much one learns from the information in a
biotic system the uncertainty remains infinite because the number of possibilities of what can evolve is
infinitely non-denumerable. This contradicts Shannon who specified that the number of possible mes-
sages was finite.

Instead of Shannon information we defined a new form of information, which we called instructional
or biotic information, not with Shannon, but with constraints or boundary conditions. The amount of
information will be related to the diversity of constraints and the diversity of processes that they can par-
tially cause to occur. By taking this step, we embed the concept of information in the ongoing processes
of the biosphere, for they are causally relevant to that which happens in the unfolding of the biosphere.

We therefore conclude that constraints are information and... information is constraints... We use the
term ‘instructional information’ because of the instructional function this information performs and
we sometimes call it ‘biotic information’ because this is the domain it acts in, as opposed to human
telecommunication or computer information systems where Shannon information operates (Kauffman,
Logan, et. al., 2007).

A living organism is an open system, which von Bertalanffy (1968) “defined as a system in exchange
of matter with its environment, presenting import and export, building-up and breaking-down of its
material components.” Instructional or biotic information may therefore be defined as the organization
of that exchange of energy and matter. The fact that a biotic system is an open system can be used to
argue against the association of instructional or biotic information with cybernetics because cybernetics
focuses strictly on the flow of information and does not deal with the flow of energy and matter.

In POE it has been the associated biotic or instructional information with the organization that a biotic
agent is able to propagate. This contradicts Shannon’s definition of information and the notion that a
random set or soup of organic chemicals has more Shannon information than a structured and organized
set of organic chemicals found in a living organism.

The biotic agent has more meaning than the soup, however. The living organism with more structure
and more organization has less Shannon information. This is counterintuitive to a biologist’s understand-
ing of a living organism. We therefore conclude that the use of Shannon information to describe a biotic
system would not be valid. Shannon information for a biotic system is simply a category error. A living
organism has meaning because it is an autonomous agent acting on its own behalf. A random soup of
organic chemicals has no meaning and no organization (Kauffman, Logan, et. al., 2007).

According to Shannon’s definition of information a set of random numbers transmitted over a telephone
line would have more information than the set of even numbers transmitted over the same line. Once 2,
4, 6, 8, 10, 12 was received the receiver would be able to correctly guess that the rest of the numbers
to follow the sequence would be the set of even numbers. The random numbers have no organization
but the even numbers are organized so the mystery of the relevance of Shannon information deepens,
as one must counter-intuitively conclude that information and organization can be at cross-purposes in
Shannon’s scheme of things.
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This argument completely contradicts the notion of information of a system biologist who would
argue that a biological organism contains information. It is by virtue of this propagating organization
that an organism is able to grow and replicate, as pointed out by Kauffman (2000) in Investigations.
From the contradiction between Shannon and biotic information we already have a hint that there is pos-
sibly more than one type of information and that information is not an invariant like the speed of light
in relativity theory, which is independent of its frame of reference. We also see that perhaps Shannon’s
definition of information might have limitations and might not represent a universal notion of informa-
tion. After all Shannon formulated his concept of information as information entropy to solve a specific
problem namely increasing the efficiency or the signal to noise ratio in the transmission of signals over
telecommunication lines.

The term information is generally regarded as some uniform quantity or quality, which is the same for
all the domains and phenomena it describes. In other words, information is an invariant like the speed of
light, the same in all frames of reference. But as Kauffman, Logan et al. (2007) have argued the notion
of Shannon information and biotic information are quite different.

Is It Possible Not to Communicate?

Living beings (be they bacteria, plants, fish or humans) interact with their environments by reacting
to stimuli, that is, by defining their immediate surroundings and adapting their conduct to them. That
means interpretation of signs, processing of information and choosing a definite line of conduct. That
is, communicating with their environment. In the same way that syntax, semantics and pragmatics are
inseparable in communication phenomena, information, communication and interaction are inseparable
in biotic systems, human culture included.

Action is innate in humans, and is not just a reaction. Meaning is foundational for the direct feeling
and perception of “reality”. Meaning is not inherent in the objects, but the ownership of the propositions,
statements, and beliefs belongs to the receiver through their interpretations of the originating signals of
the sender. The sense of presence in the world presupposes a real world through experience.

Meaning is not inherent to objects, but attributed by people in particular social situations. Addition-
ally, the attribution of meaning to things never ceases. In the presence of another person, an object, a
message or a social situation, an individual immediately tries to define the situation and attribute to it a
meaning in the context of the immediate situation.

Assuming that it is not possible not to communicate, we emphasize the pragmatic dimension of
communication. We argue that ‘information,” ‘communication’ and ‘social interaction’ are inseparable
elements of production of meaning, even if analytically they can be conceived as independent concepts.
Thus, as in any communicational process there are three simultaneous dimensions operating as a system
— syntactic, semantics and pragmatics, and it is also the case that ‘information,” ‘communication’ and
‘social interaction’ are operating as a system. In this sense, speech acts owe their meaning to perfor-
mances in the context of what information the sender sends, the interpretation of the receiver and the
social interaction that exists between the sender and the receiver.

The pragmatist motto of Peirce states that the production of meaning is oriented to action, and that
the idea of what a thing ‘is’ lies on the somatory of the effects that can be conceived as possible from it.

Beside this two main branches of pragmatist philosophy, there is also the approach of Ludwig Witt-
genstein (mainly in his Philosophical Investigations, 1953), in which the meaning of an expression lies
on its practical uses; that of John Austin (1962) and John Searle (1965), in which ordinary language is
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seen as a resource for philosophical analysis, as well as those who see in pragmatism an adequate techni-
cal resource for the renewal of a transcendent philosophy of communication, such as Jurgen Habermas
(1984) and Karl-Otto Apel.

According to Charles W. Morris, a semiotician and disciple of George Herbert Mead, the study of
language has been traditionally divided between: a) a semantic approach, dealing with the relation of
signs with the things they represent, that is, of signs with their meaning; and b) a syntactic approach,
dealing with the relation of signs with other signs, such as the relation between words within a sentence,
searching for the rules that ensure its meaning.

To Morris, both approaches do not solve neither the problem of meaning nor the problem of truth.
Thus, a third approach — pragmatics — is needed to deal with the relation of signs with its users, that is,
of sentences with the people who speak them.

The main concepts of a pragmatist approach towards language are, thus, missing concepts in semantic
and syntactic approaches.

Thus, under a pragmatist perspective, communication is inseparable from the social act in which it
is embedded. Communication is the mediation that allows collective social action. G. H. Mead’s mas-
terpiece Mind, Self and Society (1934) expresses in its title the central spots from which he understands
human activity. ‘Mind,” ‘Self” and ‘Society’ are different elements of the same social process, his basic
analytical units.

To Mead, the act (a complete unit of human conduct) derives from an impulse that produces percep-
tion, attribution of meaning, evaluation by participants and a final outcome: a process, which cannot be
analyzed from just one of its parts. Mead’s notion of society presupposes conscious individuals, who
actively interpret the world in a never-ending relational process.

FUTURE RESEARCH DIRECTIONS

The understanding of information as an inseparable part of the integral process of meaning produc-
tion converges to some of the most urgent and imperative demands of our era. We live in a society of
individuals, of advancing of human and political rights and a fast pace of technological development.
The outcomes of the process of cultural integration to the newest technology of communication are yet
unconcluded and unknown (Braga & Logan, 2014; Hargittai & Hinnant, 2008; Livingstone, 2004; Park,
2012; Van Deursen & Van Dijk, 2010, 2015; Van Dijk, 2005).

Thus, research on Human-Computer-Interaction (HCI) may have a significant development if it
includes into its research agenda the sensibility to social contexts in which its phenomena take place.

Future research directions would include a re-evaluation of the use of Shannon Information theory
in the various disciplines in which it has been implemented to determine in what manner information
and signal have been conflated. A signal no matter how accurately it has been transmitted and how ac-
curately its information content has been calculated using Shannon’s mathematical formula still has no
meaning if the context or the pragmatics has not been also considered.

Another research trend to be explored regards the role of technologies of information and commu-
nication in social environments, where those technologies are essential to their organization, strategic
development and their outcome.
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CONCLUSION

What is communication? There are two alternative communication concepts that have coexisted since
the term began to be used in the mid-nineteenth century: “communication as transmission” and “com-
munication as ritual”. Trying to answer the difficult question: what is communication?, Carey states
that “communication is a symbolic process whereby reality is produced, maintained, repaired and trans-
formed” (1989, p. 23) This definition challenges the notion (of Cartesian origin) that there is a dualism
between ‘fact’ and ‘discourse’, between ‘reality’ and ‘language:’ ‘reality’ is a symbolic, social product.
“The reality is constructed by communication through the use of symbolic forms.” (Carey, 1989, p. 25)

All these distinctions, apart from their metaphorical subtleties, point out to the difference between a
group of communication theorists who see communication as a matter of transmission of information
(that is, syntax + semantics), and, on the other side, a group of theorists that regard communication as
a matter of social interaction (syntax + semantics + pragmatics). In the first group, focusing on ‘infor-
mation’, people (the “audience” or the “public”) are seen as simple recipients receiving their messages,
regardless of what they can actually do or think about it. The second group of theorists, in order to ac-
count for the pragmatics of social situations of ‘follow the actors’, integrate cultural approaches with
communication practices. (Braga, 2008)

Depending on the emphasis a theory places on transmission or interaction results a completely dif-
ferent picture of what is “communication”, “information” or “reality”. These approaches are in fact
complimentary and would enhance each other’s reach and analytic potential if integrated.

As we have stated before, ‘information,” ‘communication’ and ‘social interaction’ are inextricable
elements of the production of meaning. By denying the pragmatic dimension of communication (reducing
communication phenomena to the ‘content’ — or information) makes it easier for a researcher to analyse
(as the avoidance the pragmatics would certainly reduce complexity). However, this reduction will have
a cost: as we have seen, when pragmatics is not considered, there is a loss of meaning, this reduction
causes the phenomenon to ‘disappear’.

The transmission and social perspectives are not contradictory, but complementary. To emphasize the
relational perspective is to value the idea that communication is human action, made by people. Under
ethnographic perspective, it is possible to observe values and principles of a system in place being con-
tradicted or reversed, through social resilience and creative subversions of the industrial prescriptions.
(Bragaand Logan, 2014) This perspective stresses that communication problems are “community issues”,
which relate to the communities that they have created and in which we live.

Thus we conclude that the processes of ‘transmission of information’ and communication are not
same. Communication requires that the information that is transmitted, which is only a signal after all,
must be processed within the ground of pragmatics or social context. Put simply communication is
contextualized information contextualized through pragmatics and social interactions.
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KEY TERMS AND DEFINITIONS

Communication: A symbolic process whereby the social reality is produced, understood, maintained
and updated in a given situation. Communication is the mediation that allows collective social action.
Communication is contextualized information through pragmatics.

Data: The pure and simple facts without any particular structure or organization, the basic atoms of
information.

Information: Structured, organized data. It is composed by syntax and semantics, that is, with refer-
ence to a code and to a given meaning.

Knowledge: The ability to use information strategically in a social context to achieve one’s objectives.

Naturalistic Perspective: Empiricist approach of the Social Sciences based on the premise of collect-
ing data essentially from “natural” situations, those that happen despite of the presence or participation
of the researcher.

Pragmatics: A discipline that stands between Philosophy and Linguistics, and tries to define to which
degree the human sense of ‘reality’ is determined by language. The production of meaning is oriented
to action, and that the idea of what a thing ‘is’ lies on the sum of the effects that can be conceived as
possible from it. Pragmatics is the use of social context to assist meaning.

Social Interaction: Mutual action and/or influence among co-participants of the same social situation.

Wisdom: The capacity to choose objectives consistent with one’s values and within a social context.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 1186-1195, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

The introduction of information communication technologies (ICTs) has transformed the journalism
professionthroughthedigitalization of the work process aswellastheintroduction of the internetalong
with its services. Many new types of journalism have emerged, among which is data journalism, which
requires journalists to have special ICT skills. Data journalism is a new form of journalism that has ap-
peared gradually during the previousyears, driven by the availability of datain digital form.This chapter
studies the issue of data journalism. Specifically, the chapter include a definition of data journalism as
well as a discussion on the necessary ICT skills that journalists should have in order to cope with this
new type of journalism.These skills are closely associated with the stages of the development of adata
journalism project. Also, therelation between datajournalism and open data will be presented due the
importance of the latter in the development of data journalism.

INTRODUCTION

Theintroduction of ICTs (Information Communication Technologies) had a profound impact on every
aspectof human activities. In the case of journalism, the utilization of ICTS has transformed the profes-
sionthroughthedigitalization of the work process as wellastheintroduction of theinternetalong with
its services (Veglis 2009). Today the journalist is expected to have the ability to firstly employ many
toolsandservicesin order to beinstantly informed about breaking news as well as current events,and
secondly, useavariety of toolsand applicationsin orderto prepare and disseminate newsarticles (Veglis
& Bratsas, 2017). Many new types of journalism have emerged, among which, data journalism (Gray,
Chambers, & Bounegru, 2012), which requires journalists to have special ICT skills.
Intherecentyears, datajournalism has drawn significantattentioninthe academicliterature as well
as in the area of new developments in digital news production (Appelgrena & Nygren, 2014; Fink &
Anderson, 2015; Mair & Keeble, 2014). Data journalism is considered to be a new form of journalism.
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Ithasappeared graduallyinthe dawn of the new century. Manyfactors have contributed to theintroduc-
tionof datajournalism, butone of the most prominentis believed to be the availability of datain digital
form (Veglis & Bratsas, 2017). Data Journalism is a journalistic specialty reflecting the increased role
of the numerical data has in the production and distribution of information in the digital era. Data can
be the source of data journalism, and/or it can be the tool with which the story is told (Gray, Chambers,
& Bounegru, 2012).

This chapter examines current trends and future perspectives of data journalism. The background
section provides historic evolution and definitions of data journalism. Next, the stages of data journal-
ismare presentedindetail. Also, therelation between datajournalismand open dataisdiscussed due to
theimportanceofthelaterinthe developmentof datajournalism.Finally, recommendationsandfuture
research direction are briefly discussed.

BACKGROUND
Evolution and Definition

Althoughtheterm datajournalism started to attractattention atthe end of the previous century, initial
examples of datajournalismappeared quite early. According to Simon Rogers thefirstexample of data
journalismwas published at Guardianin 1821.1ltconcerned the number of students whoattended school
and the costs per school in Manchester (Gray, Chambers, & Bounegru, 2012).

At the end of the 20'" century, employing large data to write an article was difficult and required
skillsthat wentbeyond the capabilities of the average journalist. Thatresulted in the phenomenon that
some newsorganizationinthe United States and Great Britain were hiring programmers thatworked on
novel news products (Parasied & Dagiral, 2013). Traditionally, journalists used to rely on information
provided by various sources (governments, officials, research studies, etc.). Of course, there were some
cases of investigative journalism where journalists were able to find resources to gather and analyze
their own data and publish their results in articles (Veglis & Bratsas, 2017). But as a growing amount
of datagradually becameavailable online, and efficient tools with which anyone can analyze, visualize
and publish large amounts of data appeared, things changed significantly (Sirkkunen, 2011).

The concept of datajournalismin not new. It has been around since the beginning of the digitaliza-
tion. Digital data has been utilized in news production since the late 60s in US newspapers (Parasied &
Dagiral, 2012). Data journalism gradually emerged with the rapid introduction of ICTs and the avail-
ability of data in digital form. The term data journalism is synonymous with data-driven journalism
whilethe olderterm,computer-assisted reporting hasvanished sinceitwasintroduced at theearly stages
of computer history (Bradshaw, 2010). It is worth noting that in the case of data journalism thereis an
increasedinteraction between journalistsand several otherfields such asdesign,computerscienceand
statistics (Thibodeaux, 2011; Veglis & Bratsas, 2017).

Thetermdatajournalismisattributed to SimonRogersthatfirst mentioneditinaposttothe Guardian
InsiderBlog (Knight, 2015).1tcan be viewed as a process that begins with analyzing, and continues with
filteringandvisualizing datainaformthatlinks toanarrative (Lorenz, 2010). It combines spreadsheets,
graphicsdataanalysisandthebiggestnews stories (Rogers, 2008).Itis fundamentally the production of
newsgraphicsandincludeselementsof designandinteractivity (Bradshaw, 2010; Lorenz, 2010; Rogers,
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2008). Megan Knight (2015) describes data journalism as “a story whose primary source or “peg” is
numeric (ratherthananecdotal), orastorywhich containsa substantial element of data or visualization”.

Veglisand Bratsas (2017) proposed adefinitionin order to betteraddress the power of visualization
andinteractivity thatare significantfactorsin datajournalism.They defined datajournalismas the pro-
cessofextractingusefulinformationfromdata, writingarticles based ontheinformationandembedding
visualizations (interactingin some cases) inthearticles that help readers understand the significance of
the story or allow them to pinpoint data that relate to them.

Journalists’ Skills

Today the journalist is expected to possess various ICT skills in order to cope successfully with the
challenges in his everyday work (Veglis & Bratsas, 2017). Typical examples are writing news articles,
constructing diagramsvia spreadsheetapplications,communication viae-mail, visualizing datawith the
help of various applications, publishing material on the WWW (Peebles 2011). Also, they often seek
information on the web and by e-mail (Veglis, 2013). Veglis and Pomportsis (2012, 2014) organized
the journalists’ICT skills into five categories, namely Basic skills, Web publishing skills, Web 2.0 skills,
Web casting skills and Data Journalism skills. Veglis & Bratsas (2017) extended this categorization by
adding a category that refers to Web 3.0. Next, the six categories are briefly presented:

. Basic Skills: The journalist has the ability to work efficiently with office automation suites (which
include word processing, spreadsheet, presentation, database), and with the basic Internet ser-
vices (WWW, email). Specifically, the journalist is expected to have basic typing and formatting
skills, and he must be able to perform basic functions in a spreadsheet. He must have at least a
generalunderstanding of how to use datato support news storiesand he mustalso beable touse
relational database programs to cross-check those datafiles to find various information (Veglis &
Pomportis, 2014).

. Web Publishing Skills: In this case, basic knowledge of HTML is considered to be a necessary
prerequisite, as well as the ability to use Content Managements Systems. The journalist should
have anunderstanding of the basic concepts of HTML and cascading styling sheet (CSS) (Peebles,
2011). Except web publishing, the journalist must be able to work with widely used Desktop
Publishing Applications (Veglis & Pomportsis, 2014).

. Web 2.0 Skills: Web 2.0 includes the utilization of various tools and services such as blogs,
RSS, wikis, social bookmarking, and social networking (Facebook, Google+, Twitter, etc.). The
journalist must be able to update the media organization’s profile on social networks, and also to
interact with the audience through various services, such as blogs, Twitter, Facebook, Google+,
etc. (Veglis & Pomportsis, 2014). It is worth noting that the majority of the Web 2.0 tools and
services can also be used by the journalists in order to receive updates on current events from
various news organizations.

. Webcasting Skills: In this case journalists must have the necessary skills to create and publish
podcastsand videocasts.The journalist must be able torecord the audio of aninterview, perform
simple editing on the audio recording of that interview, and upload it to the WWW for the audi-
ence to have access to the podcast. In the case of videocasts, the journalist must be capable of
making, atleast, ashortvideo story evenifitis shot with asmartphone and must have the skills of
usingentry-level nonlinearvideo editing software, to move scenes around, to create a basic news
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video (Fletcher, 2008). Podcasts are considered to be an effective way to use audio to broadcast
news stories since they are easy to create and their size is relatively small. Videocasts are consid-
ered to be powerful tools to convey news, but they are more difficult to createin comparison with
podcasts and their sizes are quite large (Veglis & Pomportsis, 2014).

. Web 3.0 Skills: Include basic knowledge and experience with Web 3.0 technologies. Journalists
must be able to a) understand the basics of Web 3.0, b) use the limited Web 3.0 tools currently
available (but expected to grow exponentialin the nearfuture) c) create articles that comply with
open data rules and link to other open data (Veglis & Pomportsis, 2014).

. Data Journalism Skills: Journalists must be able to find datasets, clean and filter the data, put
themincontext, findthestoryinthedata, visualizetheresultsandintegratethemintoanewsstory
(Veglis & Bratsas, 2017).

DATA JOURNALISM STAGES

Veglis and Bratsas (2017) organized the data journalism workflow in six stages, entitled: Data Compi-
lation, Data Cleaning, Data Understanding, Data Validation, Data Visualization and Article Writing.
The workflow model is depicted in figure 1. Next, we briefly describe each stage.

. Data Compilation: A data journalism project begins in one of two ways: either the journalist has
aquestionthat needs data, ora dataset that needs questioning. The compilation of data can take
one of the following forms: (i) data may be supplied directly by an organization (in some casesin
theformof opendata), (ii) datamay be found with the help ofadvanced searching techniques, (iii)
datamaybecompiledbyscrapingweb pages, (iv)datamaybecollectedbyconvertingdocuments
tootherformatsthatcanbeanalyzed,and (v) datamay be collected by means of observation, sur-
veys, online forms or crowdsourcing (Bradshaw, 2011). Data scraping is a process in which a soft-
ware tool extracts data from a human-readable output that originates from other software. Also,
therearefreetoolsontheinternetthatallowuserstoconvertdocumentstootherformsthatcanbe
analyzed.Forexample, DocumentCloudisaweb-based software platform created specifically for
journaliststoallowthe searching, analyzing,annotation and publication of primary source docu-
ments used in reporting (Veglis & Bratsas, 2017).

. Data Cleaning: Also known as data scrubbing is the process of detecting and correcting cor-
rupted or incorrect records from a dataset (Wu, 2013). This can be accomplished by removing
humanerrorsandconvertingthedataintoaformatthatisconsistentwith otherdatathejournalist

Figure 1. Data journalism workflow

) e2)i) %) N )s)

Data Data Data Data Data Article
Compilation Cleaning Understanding Validation Visualization Writing
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is using. Typical examples include empty entries, duplicate entries, the use of default values to
save time or where no information was held, incorrect formatting (for example words instead of
numbers), corrupted entries or entries with HTML code, multiple names for the same thing and
missing data (Bradshaw, 2011). Cleaning data can be donein simple ways, for example using find
and replace commands or filters in spreadsheets. There are also specialized tools, like Google’s
OpenRefine,whichisastandaloneopensourcedesktopapplicationfordatacleanupandtransfor-
mationtootherformats.Theapplication’sinterfaceresemblesspreadsheetapplicationsanditcan
open files of various spreadsheet formats (Veglis & Bratsas, 2017).

. Data Understanding: Datasets usually include various codes that represent categories, classifi-
cations or locations, and special terminology that it is not understood by journalists. Frequently
further datais required in order for existing data to become meaningful. Overall journalists must
bedata-literate, meaningthatthey mustbeabletoconsumeknowledge, produce coherentlyand
think critically about data (Veglis & Bratsas, 2017). Additionally, journalists must possess statis-
tical knowledge and also understand how to work with large datasets, how they were produced,
how to connect various datasets and how to interpret them (Gray, Chambers, & Bounegru, 2012).

. Data Validation: This stage includes the process of cross-checking the original data and ob-
taining further data from sources in order to enrich the available information (Silverman, 2014;
Veglis, 2013). It is worth noting that like any source, datasets cannot always be trusted since they
come with their own histories, biases, and objectives. That means that journalists have to investi-
gateissueslike:whogatheredit,when,andforwhat purpose,and howitwasgathered (Bradshaw,
2011).Thiscanbeaccomplished byinvestigatingthehistory of the creation of the dataset, by find-
ingreferencestothedatasetorbyusingothersourcesofinformationthatrefertothesamesubject
(Silverman, 2014; Veglis & Bratsas, 2017).

. Data Visualization: Data visualization is a modern branch of descriptive statistics that involves
thecreationand study of thevisualrepresentation of data. Itis the graphical display of abstractin-
formation for data analysisand communication purposes (Cairo, 2012). Static data visualizations
offer only pre-composed “views” of data. Interactive data visualization supports multiple static
views in order to present a variety of perspectives on the same information. Important stories
include”hidden”dataandinteractive datavisualizationis the appropriate way todiscover, under-
stand and present these stories. Ininteractive data visualization, there is a user input (a control of
some aspectof the visual representation ofinformation) and the changes made by the user must
be incorporated into the visualization in a timely manner (Veglis, 2015; Veglis & Bratsas, 2017).

It is worth mentioning that infographics are also part of the static visualization. Infographics are
graphic visual representations of data or knowledge, which are able to present complex information
quickly and clearly (Smiciklas 2012). They are often used in newspapers, to show the weather, as well
as maps, site plans, and graphs for statistical data (Veglis & Bratsas, 2017).

There are many types of data visualizations. Heer, Bostock, and Ogievetsky (2010) defined the types
(andalsotheirsub-categories) of datavisualization: (i) Time-Series Data (Index Charts, Stacked Graphs,
Small Multiples, Horizon Graphs), (ii) Statistical Distributions (Stem-and-Leaf Plots, Q-Q Plots, Scat-
ter Plot Matrix -SPLOM, Parallel Coordinates), (iii) Maps (Flow Maps, Choropleth Maps, Graduated
Symbol Maps, Cartograms), (iv) Hierarchies (Node-Link Diagrams, Adjacency Diagrams, Enclosure
Diagrams) and (v) Networks (Force-Direct Layout, Arc Diagrams, Matrix Views).
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Todaytherearealotofavailable onlinetools that can be usedfor creating interactive data visualiza-
tions. All of them are either free or offer a free version (except a paid one that includes more features).
Some of the most widely used tools are CartoDB, Google Chart Tools, Google Fusion Tables, Tableau
Public, Many Eyes, and Infogr.am. A completelist of the available tools can be found at http://selection.
datavisualization.ch.

Article Writing: The last stage in a data journalism project includes the writing of the news article.
Depending ontheintended publication medium, the article mayinclude special characteristics (forex-
ampleexternalllinks otherarticles orrelated material, multimedia content, mashups, staticorinteractive
visualizations) in order to fully take advantage of the medium’s potentials (Veglis & Bratsas, 2017).
Theamountoftextthatisincludedinthe datajournalism article along with the visualizations may vary
considerably. Specifically, we can have the case where the visualization supplements the text (which s
quite extended) aswell asthe case where the visualizationis the center of the projectand the text plays
a supplemental role, explaining parts of the visualization.

FUTURE RESEARCH DIRECTIONS

Tim Berners-Lee believes that “data-driven journalism is the future” and urges reporters to hunt for
stories in datasets (Arthur, 2010). We are convinced that the Semantic Web and Linked Open Data will
play a significant role in the evolution of data journalism. In the future, journalists should be able to
comprehendand utilize advanced technologies which willinclude more“intelligent web”(Bradshaw &
Rohumaa,2011).SemanticWebtechnologies,smartdevices(smartphonesetc.)andtoolsarecontinuously
beingtransformedand upgraded. Datajournalism oughttoadoptthese technologies. Itis worth noting
thatWeb 3.0and opendatacan playanimportantroleinthe case of datajournalismasthey supportthe
acquisition and validation of data which are the main source of data journalism.

Tim Berners-Lee, the inventor of the Web and Linked Data initiator developed a 5-star deployment
schemeforOpen Data, in orderto encourage people - especially government dataowners to produce
well linked Open Data (2010). Veglis and Bratsas (2017) proposed an adaptation of the system for the
journalists in order to act as a guide for them to produce articles in the Web 3.0 era. The star rating
system is presented in figure 2 and includes the steps that a journalist can take in order to accomplish
good Web 3.0 practices in journalism.

Oneotherissuethatneedsto beaddressedisthelack of online platformsthatcansupportall stages
of adata journalism project.Today there are several online tools that can be used in different stages of
adatajournalism project. Each tool hasits own unique interface and the journalist must spend timein
ordertolearn howto useiteffectively. The majority of them do not offerany interconnectivity with other
tools.Thus, the journalist spends a lot of time in order to transfer data from one platform to anotherin
ordertoexploitthe strong points of each tool. Data journalists can strongly benefitfrom the introduction
ofanonline platformthatwillinterface various online tools that can be usedin data journalism projects.

¥t is a string of characters used to identify a name of a resource over the WWW. The most common
form of URI is the uniform resource locator (URL), frequently referred as a web address.
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Figure 2. Star rating system for the use of good linked open data for journalists
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This chapter discusses the issue of data journalism. Data journalism is considered to be a journalistic
specialty thatisexpectedtoflourishinthe world of data that we are living today. Data journalism stages
were presented and discussed in detail. These stages define the skills that a journalist ought to possess
in order to develop data journalism projects.

The abovefindings can guide journalism educators in order to adapt their programs.Thisis already
happeningsincethe constantchangesin marketdemands, asfarasjournalistic skillsare concerned, has
forcedjournalismeducatorstoadjust their programsin orderto betterfacilitate the needs of theindustry
(Wenger&Owens, 2012). Currently datajournalismistaughtinalimited number of journalism schools
in Europe. Of course thisis something worth investigating more thoroughly inthe nearfuture. Arecent
survey, concerning the use of data journalism in Greece, found a low penetration of data journalism
practicesin mediaorganizations. Nevertheless the majority of thejjournalists appeared toagree with the
importance of working with dataand wasinterested inacquiring more knowledge and skills concerning
data journalism (Veglis & Bratsas, 2017).
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Thereisnodoubtthat the majority of the journalists today are not involved in data journalism proj-
ects, although they are willing to work on such projects in the future Online journalists appear to be
moreinvolved and more motivated towards datajournalismand since thereisan ongoing shifttoonline
journalism (Cokley, Edstrom, McBride, & Ranke, 2015), we have to expect many new developmentsin
the area of data journalism.

REFERENCES

Appelgrena, E., & Nygren, G.(2014). Data Journalism in Sweden Introducing new methods and genres
of journalism into old organizations. Digital Journalism, 2(3), 394-405. doi:10.1080/21670811.2014.
884344

Arthur, C. (2010, November 22). Analysing data is the future for journalists, says Tim Berners-Lee.
The Guardian.Retrieved March 18,2016, from http://www.theguardian.com/media/2010/nov/22/data-
analysis-tim-berners-lee

Berners-Lee, T. (2010). Linked Data- Design Issues. World Wide Web Consortium (W3C). Retrieved
March 18, 2016, from http://www.w3.0org/Designlssues/ LinkedData.html

Bradshaw, P. (2010, October 1). How to be a data journalist. The Guardian Data Journalism. Retrieved
March 18,2016, from http://www.Guardian.co.uk/ news/datablog/2010/oct/01/data-journalism-how-
to-guide

Bradshaw, P.(2011).The inverted pyramid of data journalism.Online Journalism Blog. Retrieved March
18,2016, fromhttp://onlinejournalismblog.com/2011/07/07/the-inverted-pyramid-of-data-journalism

Bradshaw, P, & Rohumaa, L. (2011). The Online Journalism Handbook: Skills to survive and thrive in
the digital age. Longman Publishing Group.

Cairo, A. (2012). The Functional Art: An introduction to information graphics and visualization. New
Riders.

Cokley, J., Edstrom, M., McBride, J., & Ranke, A. (2011). Moving Away from ‘Big Media’: Students,
Jobs and Long-tail Theory. Australian Journalism Review, 33(1), 107-118.

Fink, K., & Anderson, C. W. (2015). Data Journalism in the United States. Journalism Studies, 16(4),
467-481.d0i:10.1080/1461670X.2014.939852

Fletcher K. (2008). Journalism Skills Survey. National Council for the Training of Journalists.

Gray, J., Chambers, L., & Bounegru, L. (2012). The Data Journalism Handbook. Retrieved March 18,
2016, from http://datajournalismhandbook.org

Heer, J., Bostock, M., & Ogievetsky, V. (2010). A tour through the visualization zoo. Magazine Com-
munications of the ACM, 53(6), 59-67. doi:10.1145/1743546.1743567

19

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use


http://www.theguardian.com/media/2010/nov/22/data-analysis-tim-berners-lee
http://www.theguardian.com/media/2010/nov/22/data-analysis-tim-berners-lee
http://www.w3.org/DesignIssues/LinkedData.html
http://www.Guardian.co.uk/news/datablog/2010/oct/01/data-journalism-how-to-guide
http://www.Guardian.co.uk/news/datablog/2010/oct/01/data-journalism-how-to-guide
http://onlinejournalismblog.com/2011/07/07/the-inverted-pyramid-of-data-journalism
http://datajournalismhandbook.org

EBSCChost -

Data Journalism

Knight, M. (2015). Data Journalism in the UK: A preliminary analysis of form and content. Journal of
Media Practice, 16(1), 55-72. doi:10.1080/14682753.2015.1015801

Lorenz, M. (2010). Data driven journalism: What is there to learn? Paper presented at 1J-7 Innovation
Journalism Conference, Stanford, CA.

Mair, J., & Keeble, R. L. (2014). Data Journalism: Mapping the future. Abramis Academic Publishing.

Parasie, S., & Dagiral, E. (2013). Data-driven journalism and the public good: Computer-as-
sisted-reporters and programmer-journalists in Chicago. New Media & Society, 15(6), 853-871.
doi:10.1177/1461444812463345

Peebles, J. (2011, March 9). Digital media skills every young journalist needs. Net Worked. Retrieved
March 18,2016, from http://blogs.spjnetwork.org/tech/2011/03/09/digital-media-skills-every-young-
journalist-needs

Rogers, S. (2008, December 18). Turning official figures into understandable graphics, at the press of
abutton.Inside the Guardian Blog.Retrieved March 18,2016, from http://www.theguardian.com/help/
insideguardian/2008/dec/18/unemploymentdata

Silverman, C. (2014). Verification Handbook. European Journalism Centre. Retrieved March 18, 2016,
from http://verificationhandbook.com/downloads/verification. handbook.pdf

Sirkkunen, E. (2011). Trends in Data Journalism. Wp 3, Hyperlocal D.3.2.1.2.b. Retrieved March 18,
2016, from http://virtual.vtt.fi/virtual/nextmedia/Deliverables-2011/D3.2.1.2.B_Hyperlocal_Trends_
In%20Data_Journalism.pdf

Smiciklas, M. (2012). The Power of Infographics: Using Pictures to Communicate and Connect with
Your Audience. Pearson Education Inc.

Thibodeaux, T.(2011,0ctober 6). 5 tips for getting started in data journalism.Poyneter: A Global Leader
inJournalism.RetrievedMarch 18,2016, fromhttp://www.poynter.org/news/media-innovation/147734/5-
tips-for-getting-started-in-data-journalism/

Veglis, A.(2009). Cross MediaCommunicationin newspaper organizations.4th Mediterranean Confer-
ence on Information Systems, Athens, Greece.

Veglis, A. (2013). Education of Journalists on ICTs: Issues and Opportunities. Journal of Applied Jour-
nalism & Media Studies, 2(2), 265-279. doi:10.1386/ajms.2.2.265_1

Veglis, A.(2015).Teaching Data Journalism in the School of Journalism & MC-Greece. Paper presented
atEjta2015, Narrative Journalismand Storytelling on Digital Platforms (Teacher Conference), Milan, Italy.

Veglis, A., & Bratsas, C. (2017). Journalists in the age of Data Journalism: The case of Greece. Journal
of Applied Journalism & Media Studies, 6(2).

20

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use


http://blogs.spjnetwork.org/tech/2011/03/09/digital-media-skills-every-young-journalist-needs
http://blogs.spjnetwork.org/tech/2011/03/09/digital-media-skills-every-young-journalist-needs
http://www.theguardian.com/help/insideguardian/2008/dec/18/
http://www.theguardian.com/help/insideguardian/2008/dec/18/
http://verificationhandbook.com/downloads/verification
http://virtual.vtt.fi/virtual/nextmedia/Deliverables-2011/D3.2.1.2.B_Hyperlocal_Trends_In%20Data_Journalism.pdf
http://virtual.vtt.fi/virtual/nextmedia/Deliverables-2011/D3.2.1.2.B_Hyperlocal_Trends_In%20Data_Journalism.pdf
http://www.poynter.org/news/media-innovation/147734/5-tips-for-getting-started-in-data-journalism/
http://www.poynter.org/news/media-innovation/147734/5-tips-for-getting-started-in-data-journalism/

EBSCChost -

Data Journalism

Veglis, A., & Pomportsis, A. (2012). The e-citizen in the cyberspace - A journalism aspect. In Proceed-
ings of the 25th International Conference on Information Law and Ethics. Kerkyra, Greece: Nomiki
Bibliothiki.

Veglis, A., & Pomportsis, A. (2014). Journalists in the age of ICTs: Work demands and Educational
needs. Journalism & Mass Communication Educator, 69(1), 61-75. doi:10.1177/1077695813513766

Wenger, D. H., & Owens, L. C. (2012). Help Wanted 2010: An Examination of New Media Skills
Required by Top U.S. News Companies. Journalism & Mass Communication Educator, 67(1), 9-25.
doi:10.1177/1077695811426826

Wu, S.(2013). Areview on coarse warranty data and analysis. Reliability Engineering and System, 114,
1-11. doi:10.1016/j.ress.2012.12.021

ADDITIONAL READING

Allemang, D.,&Hendler,J.(2011).Semantic Webforthe Working Ontologist(2nd ed.). Morgan Kaufmann.

Auer, S. R, Bizer, C,, Kobilarov, G., Lehmann, J., Cyganiak, R, & lves, Z. (2007). DBpedia: A Nucleus
for a Web of Open Data. The Semantic Web. Lecture Notes in Computer Science, 4825, 722-735.
doi:10.1007/978-3-540-76298-0_52

Bizer, C., Heath, T., & Berners-Lee, T. (2009). Linked Data - the story so far. International Journal on
Semantic Web and Information Systems, 5(3), 1-22. d0i:10.4018/jswis.2009081901

Bradshaw, P. (2011, September 22). Data journalism survey: a mixed picture. Data Driven Journalism.
Retrieved March 18, 2016, from http://datadrivenjournalism.net/ news_and_analysis/data_journal-
ism_survey_analysis

Brickley, D., & Guha, R. V. (2014). RDF Shcema. Retrieved March 18, 2016, from http://www.w3.org/
TR/2014/REC-rdf-schema-20140225

Bull, A. (2010). Multimedia Journalism: A Practical Guide. London, New York: Routledge.

Card, S., Mackinlay, J., & Shneiderman, B. (1999). Readings in Information Visualization: Using Vision
to Think. Morgan Kaufmann.

Cokley, J., Gilbert, L., Jovic, L., & Hanrick, P. (2016). Growth of Long Tail in Australian journalism
supports new engaging approachtoaudiences. Continuum (Perth),30(1),58-74.d0i:10.1080/103043
12.2015.1099152

Dietrich, D., Gray, J.,, McNamara, T., Poikola, A., Pollock, R., Tait, J., & Zijlstra, T. (2012). The Open
Data Handbook. An Open Knowledge Foundation project, Retrieved March 18, 2016, from http://
opendatahandbook.org

21

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use


http://datadrivenjournalism.net/news_and_analysis/data_journalism_survey_analysis
http://datadrivenjournalism.net/news_and_analysis/data_journalism_survey_analysis
http://www.w3.org/TR/2014/REC-rdf-schema-20140225
http://www.w3.org/TR/2014/REC-rdf-schema-20140225
http://opendatahandbook.org
http://opendatahandbook.org

EBSCChost -

Data Journalism

European Journalism Centre. (2010). Data-driven journalism: what is there to learn? Retrieved March
18, 2016, from http://mediapusher.eu/datadrivenjournalism/pdf/ ddj_paper_final.pdf

Friedman,V.(2007, August 2). Data Visualization: Modern Approaches. Smashing Magazine. Retrieved
March 18, 2016, from http://www.smashingmagazine.com/2007 /08/02/data-visualization-modern-
approaches

Friedman, V. (2008, January 14). Data Visualization and Infographics. Smashing Magazine. Retrieved
March 18, 2016, from http://www.smashingmagazine.com/ 2008/01/14/monday-inspiration-data-
visualization-and-infographics

Friendly, M. (2007). A Brief History of Data Visualization. in C. Chen, W. Hardle and A. Unwin (eds.)
Handbook of Computational Statistics: Data Visualization, lll, Springer. Retrieved March 18, 2016,
from http://www.datavis.ca/papers/hbook.pdf

McGuinness, D. L., & van Harmelen, F. (2014). Ontology Web Language OWL. Retrieved March 18,
2016, from http://www.w3.0org/TR/owl-features

Murray, S. (2013). Interactive Data Visualization for the Web. O'Reilly.

OpenKnowledge.(n.d.).Open Data Handbook. Retrieved March 18,2016, from http://opendatahand-
book.org/

Prud’hommeaux, E., & Seaborne, A. (2013). SPARQL Query Language for RDF. Retrieved March 18,
2016, from http://www.w3.org/TR/rdf-spargl-query

Shneiderman, B. (1996). The eyes have it: a task by data type taxonomy for information visualizations.
In Proceedings at the IEEE Symposium on Visual Languages, 336 — 343. 10.1109/VL.1996.545307

Spyridou, L. P, Matsiola, M., Veglis, A., Kalliris, G., & Dimoulas, C. (2013). Journalism in a State of
Flux: Changing Journalistic Practices in the Greek Newsroom. International Communication Gazette,
75(1), 76-98.doi:10.1177/1748048512461763

Vatant, B., & Vandenbussche, P.Y. (2014). Linked Open Data Vocabularies, Retrieved March 18, 2016,
from http://lov.okfn.org/dataset/lov

Ward, M., Grinstein, G., & Keim, D. (2010). Interactive Data Visualization: Foundations, Techniques,
and Applications. A K Peters/CRC Press.

Ware, C. (2008). Visual Thinking: for Design. Morgan Kaufmann Series in Interactive Technologies.

Ware, C. (2012). Information Visualization. Third Edition: Perception for Design.” Morgan Kaufmann.

22

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use


http://mediapusher.eu/datadrivenjournalism/pdf/ddj_paper_final.pdf
http://www.smashingmagazine.com/2007/08/02/data-visualization-modern-approaches
http://www.smashingmagazine.com/2007/08/02/data-visualization-modern-approaches
http://www.smashingmagazine.com/2008/01/14/monday-inspiration-data-visualization-and-infographics
http://www.smashingmagazine.com/2008/01/14/monday-inspiration-data-visualization-and-infographics
http://www.datavis.ca/papers/hbook.pdf
http://www.w3.org/TR/owl-features
http://opendatahandbook.org/
http://opendatahandbook.org/
http://www.w3.org/TR/rdf-sparql-query
http://lov.okfn.org/dataset/lov

EBSCChost -

Data Journalism

KEY TERMS AND DEFINITIONS

Data Cleaning or Data Scrubbing: The process of detecting and correcting corrupted or incorrect
records from a dataset.

Data Journalism: The process of extracting useful information from data, writing articles based on
theinformationand embeddingvisualizationsinthearticlesthathelpreadersunderstand thesignificant
of the story or allow them to pinpoint data that relate to them.

DataScraping:The processin which asoftware tool extracts datafromhuman-readable output that
originates from other software.

Dataset: A collection of data that contains individual data units organized in a specific way and ac-
cessed by a specific access method that is based on the data set organization.

Data Validation: The process of cross-checking the original data and obtaining further data from
sources in order to enrich the available information.

Data Visualization: The graphical display of abstract information for data analysis and communica-
tion purposes.

Open Data: Data thatcan befreely used, re-used and redistributed by anyone - subject only,at most,
to the requirement to attribute and share alike.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 1196-1205, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 3

Investigating Diachronic
Variation and Change in
New Varieties of English

Rita Calabrese
University of Salerno, Italy

ABSTRACT

Thiscontributionfocuseson processesof languagefeature convergencewhichgraduallyleadtolinguistic
stabilization over time, whereby specific attention will be given to the process of Englishization in the
South-Asian area.The chapter outlines some basic concepts pertaining language universals, contact,
and change, as well as descriptive approaches to world varieties of English by referring to the feature
classification proposed by Meshtrie and Bhatt. Then, as an explanatory case, it presents the results
of a study of verb-particle constructions in a well-established variety of English (i.e., Indian English)
obtained by sampling datafrom sources varyingintime, genre,andregister with a special focus on the
methodological proceduresand theanalysis tools adopted to extract specificinformation from the data.
Finally, theimplications of those findings forfuture research onthe process of language standardization
in new varieties of English will be further explored.

BACKGROUND
The Study of Indian English From a Language-Contact Perspective

Theissue of contactinstantiating processes of pidginization and creolization can be differentiated ac-
cordingtovarietiesthatarisethrough contactwithlanguagescomingoutside thearea, especiallythrough
colonialismandyvarieties thatarise throughinternal contactamonglanguagesalreadyindigenoustothe
area (Schiffman 2010, p.741). From this perspective, the South-Asian region can be considered a para-
digmexampleofthephenomenonknownas‘convergencearea”(Weinreich 1958) referredtophenomena
specifically occurring in language contact situations that lead to changes in all areas of grammar.
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Some decades after Weinreich’s descriptive study, Charles Ferguson (1992) published a compre-
hensive essay on some features of“language use”that make South Asia an interesting subject of study
as “sociolinguistic area”. His attention to “shared patterns of use” and not only of shared grammatical
structures wasanimportant step towards the understanding of general processes oflanguage changein
contact situations. Ferguson’s particular perspective, in fact, “looks for the relationship between dia-
chroniclanguagechangeandlanguagedevelopment, phonology and syntax, social conventionalization
and cognitive processing, and language universals and individual differences” (Huebner 1996, p.12).
Consequently, in studies concerning the development of new varieties, a crucial issue is the extent to
which universals of language (Pinker 2003, p.23) and language contactexerttheirinfluence on shaping
thoselanguagesystems.Recentresearch hastested currenthypothesesontheinterrelationshipbetween
languageuniversalsandlanguagevariationandgivenrisetonewchallengingtheoriesoncontactvarieties.
Namely, the notion of“vernacular universals”(Chambers 2004) limits the supposed tendency towards
theabsolute creativity of these varietiesrelying on theidentification of universally shared featuresacross
varieties of English around the world.

The Study of Indian English From a Comparative Perspective

Todate, twoimportantissues have notbeen exhaustively examined by expertsin thefield of variationist
studies:thefirst deals with the characterization of Standard English at the time of colonization that was
slightly different from today’s standard against which new varieties of English are usually investigated,
the second concernspossibleinternaland deterministically governed developments occurringinboth
early / late Modern English and its new emerging varieties'.

When considering the peculiar contact situation in the Asian subcontinent English has played a
major role in influencing local South Asian languages, though it was not the first European language
tohaveanimpactonthemsince Portuguese wasalready attested in the area before thefounding of the
East India Company in the early 1600s. By the end of the 18™ century, the knowledge of English had
grown greatly and replaced Portuguese as the lingua franca of India (Nihalani 2005, vi). However, it is
worth noting thatthe General Reportonthe Census of India, 1891 still records alow average percentage
(4.4%) of ‘those who know English’ (Baines 1893: 224) and “not anyone who learned English in India
was taught directly by a native speaker of the language” (Nihalani 2005, vi). Moreover, the local British
community is at that time supposed to be expanding to what Schneider (2007, p. 37) defines as “Brit-
ish plus: genuinely British no doubt, but seasoned with the additional flavor of the colonial experience
which those who stayed‘home’do not share” ‘Colonial lag’is the expression used to refer to the con-
sequentconservatismin colonial varietiesas a potential factorin distinguishing them‘fromtheirhome
counterpartsinall levels of language’(Bauer 2002, p. 5). Overall, some features of a colonial dialect can
be predicted from the form used by the majority of the settlers (Bauer, 2002, p.11) who, in the case of
India, came originally from the city of London (Salaja 2009, p. 95)2. Anyway, ‘in the colonial situation,
alot of speakers of many different dialects come face toface,and in the short term the resultis a period
of diversity where everyoneisaccommodatingtoeveryoneelse|...[In most cases theformused by the
majority will be the form that survives in the new mixed dialect’ (Bauer 2012, p. 8).
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The Emergence of a New Variety

Apart from deviations and occasional‘errors; it is therefore possible to classify the features of IndEng
into three groups (Meshtrie & Bhatt 2008, p. 47):

1. Dialect features of the superstrate which have survived despite the norms of instructed English
2. Features of early modern English surviving in a particular colony
3. ‘True’innovations in IndEng with no equivalent forms in modern English.

Some of the possible effects of these factors on the characterization of the emerging variety can be
seeninTable 1.Significantly, when comparing the number of innovations characterizing IndEng and
late Modern English, the distance between them dramatically reduces atleastfor some of those aspects
that are generally considered as Indian English-specific (Calabrese 2012, 2015).

Inparticular, theincreaseinVerb + particle combinations* within the class of multi-word verbs, made
up of acommon verb, often one syllable combined with a preposition, has been considered as one of
the mostimportant characteristics of the modern English vocabulary (Baugh & Cable 2002, p.345). As
a matter of fact, the changing uses of prepositions clearly reflect the idiomatic changes® in alanguage
from one age to another (ibid., p. 248) following the developmental path from synthetic® to analytical
constructions. This steady process dating back to Old English led to a gradual structural shift “from a
productive system of verbal prefixes to a new system of post-verbal particles [in which] phrasal verbs as
well as prepositional verbs come to be the functional equivalents of the older prefixed verbs” (Brinton
1988, p.185). The same tendency to favor phrasal verbs instead of simplex verbs to express aspectual
meanings can frequently be observed in contact situations as well (Danchev 1992, p.30). Theresulting
poly-verbal constructions represent a type of paraphrase that has been described as an‘achievement
strategy’that helps communication whenthe semanticcomponentsofalexical gapintheinterlanguage
are rearranged linearly and made explicit through separate free morphemes (Danchey, 1992).

Earlier research (Sorace 2005; Calabrese 2008, 2010) on the interpretation of prepositional phrases
(PPs)asadjuncts orarguments of verb phrasesin Second Language Acquisition (SLA) had highlighted
thedifficultybysecondlanguagelearnerstoautomaticallyintegrate syntacticknowledgeandinformation
from other domains oflanguage (e.g. morphology and semantics). As a result, the most discriminative
featurein determining the choice of agiven preposition proved to rely on semantic factors directly de-
pending on the class of the verb.The logical form associated with a given verbis supposed to enhance
the interpretation and production of verbs with similar logical forms and sub-categorization frames
(Calabrese 2010: 58). For example, the verb provide belongs to the same semantic domain as give so
thatthe same sub-categorizationframe andlogical formareassignedtoitinthe process of SLAleading
to deviant forms such as *provide to attested in IndEng.

Table 1. Linguistic features emerging in Late Modern English and Indian English

Linguistic feature Late Modern English Indian English
Increase in Verb+particle combinations v v
Extensive use of Verb+particle combinations as nouns v v
Tendency to eliminate 3" pers —s marking of do* v v
Lexical expansion (borrowings, loanwords, neologisms) v v
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A CASE STUDY

Theconceptsoutlinedsofarandtherelated methodologiesofinvestigationhave providedtherationalefor
thepresent preliminary study aimingto diachronicallyinvestigate the development of new verb-particle
combinationsinspoken orspeech-like data. Following a corpus-driven approach totheanalysis of data,
asamplediachronic corpusofindian English has been queriedin ordertoinvestigate the structural prop-
erties of this new variety from a diachronic perspective. Indeed, the study is based on the assumption
thatlooking backwards at past stages of language developmentwill contribute toidentify convergence
phenomena overtime and gradually reconstruct the shape ofanew variety as a standardized language.
In particular, the main focus will be on changes in the lexico-grammar interface which shows more
gradient properties typical of structural nativization (Schneider 2007).

Since a key aspect of corpus design for most studies concerning diachronic variation is including
therange oflinguistic variation that existsinalanguagein a given historical period and not the propor-
tions of variation (Biber et al. 1998, p.247), a stratified approach has been adopted by sampling data
fromdifferentgenresand time periods to study the frequency and use of verb-particle constructions as
a structural property of IndEng rather than an effect of its ‘deviant use’ of English.

METHOD
Materials

The corpus, on which the present study is based, combines data of the Diachronic Corpus of Indian
English (henceforth DiCIE)” covering the years from 1835 to 2010 and parallel selected sections of the
Indian component of the International Corpus of English (ICE-IND) dating back to 1978. The corpus
has been designed onthe model of both ICE-IND (Greenbaum 1996) and the Corpus of Contemporary
Indian English (CCIE, Balasubramanian 2009) so that the final version of the entire corpus will have a
comparable, balanced configuration with respect tothe model corporaconsideredin the research.The
corpus contains printed editions of the Indian national newspaperThe Statesman that were copied from
microfilms of the 19% century issues and are part of the British Library Newspaper Collection.

For the purpose of this preliminary study, certain sections of ICE-IND including spoken data such
asspeeches, reported legal cross-examinationsand written data such as letters®to the editor (tagged as
<S>, <LCE>, <LE> respectively) have been selected in order to be compared to similar samples from
the DiCIE. More specifically, the spoken data includes audio files of Gandhi (<GANDH-S>), the past
Prime Minister Singh (<SINGH-S>) and the MP Lalu Prasad’s (<LP-S>) speeches sampled for the
years 1930-47 and 2010 respectively®.

Procedure

The sections of the corpusincluding <LCE> and <LE> were created by converting in electronic format
the printed texts publishedinThe Statesman between the years 1835-1951."°The oral data derive from
audio/video files available online along with their transcriptions convertible in .txt files to make them
readable by concordancersandannotationtools.The collected data were automatically parsed by using
thelanguageanalysistoolsavailable attheVISL website (http://beta.visl.sdu.dk/).The parsers provided
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bytheVISLinterfaceare based onthetheoretical framework of the Constraint Grammar,amethodologi-
cal paradigm widely adopted in Natural Language Processing (NLP) which can provide both syntactic
and semanticinformation onagiven constituent structure by assigning tags oflemmatization, inflection,
derivation, syntacticfunction, constituentdependency, valency, semantic classification. The systemalso
marks the dependency relations between parts of speech (POS) with the symbol @ placed before (>) or
after (<) the head and proves therefore to be particularly useful forinvestigations on lexico-grammatical
and morpho-syntactic patternsin specific variety usage. Upper case tags describe word classes as well
as morphological inflection (e.g. MV= main verb, PRP= preposition, N = noun, GN= genitive). Once
annotated, the corpus can be therefore queried for specific tags using a concordancer to find out pos-
sible examples of convergence ordivergencefromthestandard usageinthevariety underinvestigation.

Verb-particle combinations were searched for in the corpus and then mapped onto VISL tags by
observingthe constituent structure of the Verb Phrases and the Prepositional Phrases along with their
functional categories. In order to accurately classify and estimate all MV+PRP occurrences in the
annotated corpus, a specific syntactic setting was established in the queries and all examples of MVs
occurring with PRPs as their right collocates could easily be extracted. The features examined in the
study and the corresponding VISL tags are shown in Table 2. As an example, the following tags have
been searchedforinorderto study the frequency of Verb-particle combinations (tagged as PIV) as well
as verb + adjunct constructions (tagged as ADVL) in Indian English.

Examples (1) and (2) show different annotations for different functional interpretations of the PPs
in the annotated corpus.

Inexample (1) the PERS pronoun [him]isannotated asanargumentofthe preposition (P) ontheleft
(@P<, while the prepositional phrase [upon him] is annotated as an adjunct/free adverbial.

(1) They[they] PERS 3P NOM @SUBJ> immediately[immediately] ADV @ADVL> sprung[spring]
<mv> V PCP2 PAS @ICL-N< upon [upon] PRP @<ADVL him [he] PERS MASC 3S ACC @
P<,[,] PU @PU (<LE>, 1835)

In example (2), the prepositional phrase is not interpreted as an adverbial or adjunctand the noun
(copies) is annotated as prepositional object / valency.

(2) you [you] PERS 25/P NOM @SUBJ> can [can] <aux> V PR @FS-<ADVL be [be] <aux> V INF

@ICL-AUX< furnished [furnish] <mv> V PCP2 PAS @ICL-AUX< with [with]PRP @<PIV
copies [copy] <cjt-head> <sem> <cc-r> <idf> <nhead> N P NOM @P<

Table 2. Features examined in the study and corresponding VISL tags

POS Functional Category Definition
MV /PRP @[<]ADVL[>] adjunct [free] adverbial
MV /PRP @P< argument of preposition
MV /PRP @[<]PIV[>] prepositional object / valency
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The starting point of the analysis was a selection of features (in grey) from the list of grammatical
traits identified in past literature (Meshtrie and Bhatt 2008; Sailaja 2009; Schneider 2004, 2007, 2011;
Schneider & Zipp 2013) as characteristic of IndEng (Table 3). Once annotated, tags for each selected
feature could automatically be extracted from the corpus with the application of the ConcApp concor-
dancerandthenmanuallymappedtothecorrespondingstructural patternsselectedforthestudy(Table3).

In order to estimate the occurrence of those patterns in British English as well, the findings were
compared to sample data taken from an interactive database, namely Phrases in English (PIE) which
provides quantitative information on recurrent phrase structuresin the British National Corpus (BNC).
The queries were ordered according to specific criteria such as minimum frequency of the searched item
(e.g.n=1),data chunksize (e.g.n=1000 which corresponds to the average number of tokens examined
in DICIE) and word forms or POS tags to match or exclude from a given query within a specified range
of n-grams (from 1 to 3).

Figure 1 shows examples from BNC through Phrases in English (http://pie.usna.edu/) which are
significantly attested in IndEng sources.

Then, the forms not attested in the BNC were searched for in the New Oxford English Dictionary
(OED) in order to get a further matching with a valuable lexicographic source including information
about the history of each entry under study. This procedure was necessary to find out possible rare as
well as dated occurrences attested in BE as well as in the DiCIE. This method revealed that formsin the
DiCIE such as be fathered upon/on, descanted on, lavished upon, removed to not attested in the BNC
werearchaismsattested inthe OED.The comparative analysis was therefore carried outto testtwo main
hypotheses:

Table 3. List of structural features (in grey) examined in the study

Grammatical Features Type of VISL Tags Used
Verb Phrase:
-Particle verbs MV
-Changes in valency patterns PRP functionally specified as: @ADVL=adverbial;
Preposition Phrase: @PIV=prepositional object
-Prepositions Mv</>
Lexico-grammar (as dependency markers)
- Collocations/Phraseology

Figure 1. Examples from BNC through phrases in English

3 (PiE)| "The philosophy of Gandhi. Richards, Glyn. London: Curzon Press Ltd, 1991: "As all living creatures M
teceiving support from air, even so (the members of) all orders receiving support fromthe householder."

"Crime, justice and society in colonial Sri Lanka. Rogers, JohnD. London: Curzon Press Ltd, 1987, pp. 1-116: One
official described outdoor proctors as men who "hover about the streets leading to the courts, like so many ill-omened
birds of prey, from early moming till late atnight, and who have no trade or legitimate calling but who @
swindling."
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Hypothesis 1: Data dating back to different time periods show a number of shared traits of convergence
toward a set of nativized / localized forms or linguistic habits.

Hypothesis 2: Data dating back to different time periods show clear signs of divergence with respect
to: (a) the target norms (BE) and (b) the set of localized forms identified in previous literature.

Results
Particle Verbs

In previous descriptions of theIndEng variety, particle verbs have been pointed out as the most typical
andinnovative area of lexicosyntactic Indianisms (Sedlatschek 2009, p. 149). To test whetherany of the
early attested combinations (in 1835) had followed a gradual path toward integration and stabilization
inIndEng overtheyears, the comparative approach of using each sub-corpus compiled foreach decade
side-by-side was employed to describe the development and use of those combinations.

Table 4 gives the occurrences of the individual combinations across decades in the DiCIE as well
as in the British National Corpus.

Since the interpretation and selection of prepositions as arguments and/or adjuncts is a semantic
class phenomenon rather than anitem-specific phenomenon (see’Background’), theforms attestedin
the corpus were then grouped by both semantic domains and following particles (Table 5).

Though the individual counts for each‘deviant’occurrence emerging from the analysis of the data
are very low to reach statistical significance, their occurrence in the corpus is a‘linguistic event’ that
cannotbe disregarded,‘since the corpus linguist is interested in assessing and interpreting the results
anyway’ (Schneider & Zipp 2013).

Discussion

Thestudy ofthe dataattested in the DiCIEhasbeen carried outfollowing two types of analysis. Following
apurelydata-drivenprocedure, theannotatedcorpuswasfirstqueriedforthestructuralpatternsunderlying
both phrasal verbsand particle verbs through theirmorphological features and syntactic dependencies.
Then, the patterns of occurrence of the grammatical features identified in the DiCIE were compared to
those attested in BE by querying the BNC. The results of previous analyses of the corpus had already
shownthatparticularlexico-grammatical patternsare attestedin DiCIE butnotin ICE-IND where some
other non-standard English patterns can occur (e.g. SINGH-S India’s regard and respect in our ancient
culture, My respects to all at home vs BE respect for) (Calabrese 2012). In some other cases (ib.), two
competing constructions could co-occurwithinthe same corpus (e.g.ICE-IND Health permitting I would
liketoattendtoPlatinum Jubilee along with It wasa very good news thatyou attended ameeting of the
Board). The current study has shown some changes in the valency patterns of some verbs (e.g. accept
of, acquire of, approve of, lack in) resulting in the creation of new verb-particle constructions as well.
Fromadiachronicperspective, therefore,aremarkable difference emerges between the datafrom 1835,
1909, 2010 sources and the BNC as far as the occurrence of verb- particle constructions is concerned.
While the texts from the year 2010 contain examples of items such as quibble over, return +obj.+ to,
no such constructions can be found in the samples from the year 1909.
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Table 4. Occurrences of verb-particle combinations across time periods

(f(ﬁﬁ) 1835 1894 1199(;91' 11991(;' 1951 1978 | 2010 N=
accept of tr. +obj. 3
acquire of tr. 4 1
approve of tr. 2 v v 4
be adapted into To v v 2
chase to after, in (4 ("4 (4 3
contain of"! tr. v v v v 4
convene on (for/no obj.) (4 1
excluded over From v 1
be fathered upon On v 1
fitted of with, in v 1
justified in tr. v v 2
lack in (of )™ tr. (4 1
lavished upon v 1
quibble over About v 1
reflect to on, upon v 1
removed to From v v v 3
sprung upon up, from v 1
subsist by gnnz/izrzw v v v 3
TOTAL 33

FUTURE RESEARCH DIRECTIONS

The comparison of data from different time periods suggests that, along with regular standard usage
of common particle-verb combinations the creation of new combinatory lexico-grammar patternsisan
overallphenomenonoccurringregularlyandsteadily overtime, eventhoughregularityinthe occurrence
of individual items is attested only for a couple of items as shown in Table 4. At this stage, there is no
definitively explanatory information from the available materials to establish whether the innovative
elementsattestedinthe corpusreflectanindividual oran entire community of speakers’linguistic habit.
Regularoccurrence ofinnovative featuresin othersourcesacross time needs to be furtherinvestigated
to provide evidence of their stabilization in the variety.

CONCLUSION

Theanalysis of the data has shownrare signs of convergence overtime. As matter of fact, someevidence
of'divergence’represented by innovations in lexico-grammatical patterns has emerged probably due
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Prepositon Example SemanFic n=
Domain

of accept of Mental 1
acquire of activity 1

approve of Mental 4

contain(of'*) Existence 4

fitted of Existence 1

in/into be adapted into Effort 2
justified in mental 2

lack in existence 2

transmitted in Activity 2

to chase to Activity 1
reflect to Existence 1

on/upon convene on Communicative 1
be fathered upon Existence 1

sprung upon Activity 1

lavished upon Activity 1

over excluded over Activity 1
quibble over Communicative 1

for contend for Communicative 1
by subsist by Existence 3

toanaugmented transparency.Linguists generally tend todistinguish between intralinguisticand ex-
tralinguisticfactors when discussing principles underlying change and evolution. Conditions which are
purelyinternaltolanguagedepend onspeech production, perception,and processing, whereas extralin-
guisticconditionsincludefactorsdetermined bylanguage usein historicaland sociolinguistic settings.
Some of them can be explained by speakers’simplification strategies aiming to increase the economy
of speech productioninlanguage contactsituations which leads tothe omission of inflectional endings,
copulas, articles or the use of redundant form /meaning pairs. Some other forms attested only in 1909
sourcesfarfrom being considered asindividual orcommunityinnovations have simply become obsolete
(e.g.DiCIE-LET-1909- | crave your indulgence) in modern English usage (see OED). Moreover, two of
themost effective factorsinfluencing any variety of English are represented by spatial distanceand de-
gree of contactwith the changesthat take placeinthelanguage amongnative speakers which will result
in substantial differences across varieties. Although these findings cannot be given a highly statistical
backing, theyappeartoreflectageneral attitude onthe part of IndEng speakersusing suchitemsmore
frequently in the years 1835, 1894, 1909 and 2010 than in the other years examined.

32

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Investigating Diachronic Variation and Change in New Varieties of English

REFERENCES

Baines, J. A. (1893). General Report on the Census of India, 1891. London: Eyee and Spottiswoode.

Balasubramanian, C. (2009). Register Variation in Indian English. Amsterdam: J.Benjamins Company.
doi:10.1075c¢l.37

Bauer, L. (2002). An Introduction to International Varieties of English. Edinburgh, UK: Edinburgh
University Press.

Baugh, A. C,, & Cable, T. (2002). A History of the English Language (5th ed.). London: Routledge.

Biber, D., Conrad, S., & Reppen, R. (1998). Corpus Linguistics: Investigating Language Structure and
Use. Cambridge, UK: Cambridge University Press. doi:10.1017/CB0O9780511804489

Brinton, L. J. (1988). The Development of English Aspectual Systems: Aspectualizers and Post-verbal
Particles. Cambridge, UK: Cambridge University Press.

Calabrese, R. (2008). Insights into the Lexicon-Syntax Interface in Italian Learners’ English. A genera-
tive Framework for a Corpus-based Analysis. Roma: Aracne.

Calabrese, R. (2010). The interpretation of Prepositional Phrases as arguments and adjuncts in L2 ac-
quisition. In V. Dusko, & C. Krstev (Eds) Proceedings of the 29th International Conference on Lexis
and Grammar, (pp. 51-61). Belgrade: Faculty of Mathematics, University of Belgrade.

Calabrese, R., Chambers, J., & Leitner, G. (Eds.). (2015). Variation and Change in Postcolonial Contexts.
Newcastle-upon-Tyne, UK: Cambridge Scholars Publishing.

Calabrese, R. (2012). Standardizing variation in a multilingual context: insights into the past and pres-
ent state of Indian English. In Regenerating Community, Territory, Voices. Memory and Vision, (pp.
43-52). Napoli: Liguori Editore.

Chambers, J. K. (2004). Dynamic typology and vernacular universals. In B. Kortmann (Ed.), Dialectol-
ogy meets Typology (pp. 127-145). Berlin: Mouton de Gruyter.

Culpeper, J., & Kytd, M. (2010). Early Modern English Dialogues. Spoken Interaction as Writing.
Cambridge, UK: Cambridge University Press.

Danchev, A.(1992).The evidence foranalyticand synthetic developmentsin English.In M.Rissanen, O.
Ihalainen, & T. Nevalainen (Eds.), History of Englishes: New Methods and Interpretations in Historical
Linguistics (pp. 25-41). Berlin: Mouton de Gruyter. doi:10.1515/9783110877007.25

Givén, T. (2009). Multiple routes to clause union. The diachrony of complex verb phrases. In T. Givén
& M. Shibatani (Eds.), Syntactic Complexity. Diachrony, acquisition, neuro-cognition, evolution. Am-
sterdam: Benjamin Publishing. doi:10.1075/ts1.85.04mul

Greenbaum, S. (1996). Comparing English Worldwide: The International Corpus of English. Oxford,
UK: Clarendon Press.

Hickey, R. (2010). Contact and Language Shift. In R. Hickey (Ed.), The Handbook of Language Contact.
Malden, MA: Wiley-Blackwell. doi:10.1002/9781444318159.ch7

33

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



Investigating Diachronic Variation and Change in New Varieties of English

Huebner, T. (Ed.). (1996). Sociolinguistic Perspectives: Papers on Language in Society, 1959-1994.
Oxford, UK: Oxford University Press.

Kennedy, A. G. (1920). The Modern English verb-adverb combination. Palo Alto, CA: Stanford Uni-
versity Press.

Law, N. N. (1915). Promotion of Learning in India by Early European Settlers. London: Longmans,
Green and Co.

Mahmood, S. (1895). A History of English Education in India (1781-1893). MAO College.

Mesthrie, R., & Bhatt, R. M. (2008). World Englishes. The Study of New Linguistic Varieties. Cambridge,
UK: Cambridge University Press. doi:10.1017/CB0O9780511791321

Nihalani, P, Tongue, R. K., & Hosali, P. (2005). Indian and British English. A Handbook of Usage and
Pronunciation (2nd ed.). Oxford, UK: Oxford University Press.

Pinker, S. (2003). Language as an adaptation to the cognitive niche. In S. Kirby & M. Christiansen (Eds.),
Language Evolution: States of the Art (pp. 16-37). New York: Oxford University Press. doi:10.1093/ac
prof:0s0/9780199244843.003.0002

Sailaja, P. (2009). Indian English. Edinburgh, UK: Edinburgh University Press.

Schiffman, H.F.(2010). Language contact in South Asia. In R. Hickey (Ed.), The Handbook of Language
Contact (pp. 738-756). Malden, MA: Wiley-Blackwell. doi:10.1002/9781444318159.ch36

Schneider, E. W. (2004). How to trace structural nativization: Particle verbs in world Englishes. World
Englishes, 2(2), 227-249. doi:10.1111/j.0883-2919.2004.00348 x

Schneider, E.W. (2007). Postcolonial English: Varieties Around the World. Cambridge, UK: Cambridge
University Press. doi:10.1017/CBO9780511618901

Schneider, E. W. (2011). English Around the World: An Introduction. Cambridge, UK: Cambridge
University Press.

Schneider, G., & Zipp, L. (2013). Discovering new verb-preposition combinations in New Englishes.
In Corpus Linguistics and Variation in English: Focus on Non-Native Englishes. Retrieved from www.
helsinki.fi/varieng/journal/volumes/13

Sedlatleck, A. (2009). Contemporary Indian English. Variation and Change. Amsterdam: John Ben-
jamins Company.

Sorace, A. (2005). Syntactic optionality at interfaces. In Syntax and Variation: Reconciling the Biologi-
cal and the Social. Amsterdam: John Benjamins.

Thim, S. (2012). Phrasal Verbs. The English Verb-Particle Construction and its History. Berlin: de
Gruyter Mouton.

Weinreich, U.(1958).Onthe compatibility of geneticrelationship and convergent development.Word,
14(2-3), 374-379. d0i:10.1080/00437956.1958.11659677

34

EBSCChost - printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use


http://www.helsinki.fi/varieng/journal/volumes/13
http://www.helsinki.fi/varieng/journal/volumes/13

Investigating Diachronic Variation and Change in New Varieties of English

ADDITIONAL READING

Chambers, J. K., & Schilling, N. (Eds.). (2013). The Handbook of Variation and Change (2nd ed.).
Oxford: Wiley/Blackwell. doi:10.1002/9781118335598

Deumert, A., & Vandenbussche, W. (2003). Research directions in the study of language standardiza-
tion. In Germanic Standardizations. Past to Present. Deumert, A. & Vandenbussche, W. Amsterdam:
Benjamin Publishing. doi:10.1075/impact.18.18deu

Filppula, M., Klemola, J., & Palausto, H. (Eds.). (2009). Vernacular Universals and Language Contacts.
Evidence from Varieties of English and Beyond. London: Routledge.

Gupta, R. S. (2001). English in post-colonial India: an appraisal. In Who's Centric Now? The Present
State of Post-Colonial Englishes. Moore, B. Oxford: Oxford University Press.

Subbarao, K. V. (2008). Typological characteristics of South Indian Languages. In B. B. Kachru, S.
N. Sridhar, & Y. Kachru (Eds.), Language in South Asia (pp. 49-78). Cambridge University Press.
doi:10.1017/CB0O9780511619069.005

KEY TERMS AND DEFINITIONS

Colonial Lag: The expression used to refer to the consequent conservatism in colonial varieties as a
potential factor in distinguishing them from their home counterparts in all levels of language.

Convergence: Here used to characterize phenomenaspecifically occurringinlanguage contactsitu-
ations which lead to changes in grammar.

Diachronic:Linguistics investigates the historical development of languages and theirchanges over
time.

Sociolinguistic Area: An area where shared patterns of use can be observed especially in contact
situations.

Structural Nativization: Structural changes in a new variety combining features from both the
substrate and the superstrate languages.

Synchronic: Linguistics describes a‘state’ of a given language at one point in time.

Vernacular Universals: Universally shared features across varieties of English around the world.

ENDNOTES

! Early Modern English coversthe period when thefirst British settlers arrived in India; Late Modern
English can bereferred to the period when early attemptstointroduce Englishinformal education
were made in India (Mahmood 1895; Law 1915).

2 See for example Bauer (2002, p. 9) who motivates rothicity in North America with the origin of
most English-speaking settlers from rothic regions of Great Britain.

3 See Baugh & Cable 2002, 344.
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Acomprehensiveand updated study of verb-particle constructions has been recently published by
Thim (2012) who also provides an extensive review of past literature.

To effectivelyillustrate the process of development from the literal meaning to the figurative one,
Kennedy (1920, p.15) compares, among the others, the different meanings of compound verbs
suchasoverlook,overtake, overturn, withdraw and withstand with the corresponding verb-particle
combinations look over, take over, turn over, draw with and stand with.The aspectual meaning of
post-verbal particles such as away, down, through, up is interpreted as a figurative extension of
the concrete meanings of the original adverbs (ibid.).

Synthetic constructions like pre-verbalincorporated adpositions can be found all over Germanic
and Romance languages, in which prepositions have been incorporated as verb prefixes (Givon
2009, p. 109). The same process of incorporation can be said to be still going on in English in
which prepositionsareincorporated post-verbally in conformance with the currentV(erb) O(bject)
word order (ibid., p. 110).

The DiCIE consists of 833,990 tokens of spoken and written data collected in the year 2010 as
part of a four-year project funded by the University of Salerno, Italy.

Letters signed with European names were excluded from the research.

Othervariableslikethe geographicaldistributionand educational background of the speakerswere
not considered for the purpose of the present study.

The data conversion was carried out by using the Optical Character Recognition (OCR) system
which turns scanned texts into digital .doc and .txt texts.

This entry is also attested in Nihalani (2005).

Also attested in Nihalani (2005).

The forms attested in the BNC come from IndEng sources.

This entry is also attested in Nihalani (2005).

Thisresearch was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 1206-1216, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 4

Negotiating Local Norms in
Online Communication

Jonathan R. White
Hogskolan Dalarna, Sweden

ABSTRACT

This chapter investigates norms of English usage in a community of novice students on a net-based MA
program. They communicated in academic seminars using textchat. They were found to develop their
own norms for using reduced forms to speed up communication. Their teachers, who in the Vietnamese
and Bangladeshi native cultures of the students should have been given great respect, did not have much
influence on the norm-setting process, and even were addressed very informally in the discussions. The
author argues that this is an affordance of net-based education that the discourse community sets its
own norms of English usage, despite the members’ lack of experience.

INTRODUCTION

This entry deals with norms of language use in online communication. Norms are a controversial issue
for language learners, in particular when it comes to English usage. There are many varieties of English
around the world, but they have different statuses. It is still the case that, for many learners, British and
American English have the highest status, and are the only really “proper” varieties to learn; but for
others the colonial and cultural hegemony associated with them makes them irrelevant, and even inap-
propriate, in local contexts.

The Internet has got the reputation of being very open regarding freedom of speech (cf. the Wikileaks
scandals), and for being a place where very informal, speech-like language is used. Research has shown,
though, that language use online can be a way for social minorities to find a voice, and for those with
lower confidence levels to communicate more. Also, it has been demonstrated that non-native speakers
contribute more in discussions online, especially with native speaker interlocutors, compared to face-
to-face communication. Discourse communities in general have also been argued to develop their own
language practices, through the act of using language. The issue under investigation here is what norms
do Internet novices adopt in online communication with native speakers of English?
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Language production in online seminars by learners of English is analysed to see what norms they
develop. The learners are studying on a net-based MA programme in English Linguistics. They were
novice Internet users and had never taken a net-based course before this programme. Mostly they were
native speakers of Vietnamese, apart from two speakers of Bangla, both cultures which value respect for
teachers. The specific norm analysed are reduced forms, where users reduce either the form or formality
of linguistic expressions, for example, writing info instead of information, or yeah instead of yes. Given
this background, and given that it is an education context, we might predict that their language produc-
tion will be more oriented towards the norms of their native English-speaking teachers, and be more
formal. In fact, this was not the case, and there was evidence that the learners clearly developed their
own norms of language use. Thus, this constitutes strong support for the idea that online communities
develop their own local norms through using language.

The next section presents the theoretical background to these issues.

BACKGROUND
English in the World

The status of English as a global language is a phenomenon of a modern globalised world. However, the
power of English is controversial, a controversy which for many has its roots in colonisalism and cultural
hegemony. While English is the premier lingua franca for international communication, many see using
its norms, and particularly those of British and American English, as betrayals of their cultural identity.

Kachru (1985) described the classic three concentric circles of English in the world, moving from
the minority Inner Circle of native speaker norms, to the Outer Circle of the (mostly colonial) countries
where English is the institutional language of government and education, etc., to the Expanding Circle
of the rest of the world where English is a second or foreign language. Out of this World Englishes
movement has come the strong belief that all varieties of English should have equal status, especially
as targets for learners of English.

However, Expanding Circle varieties have had an equally controversial status, just as British and
American English have. While some varieties have come to be viewed by the local population as acceptable
varieties to learn and use, others have been derided as examples of “bad English”. However, even such
well-entrenched varieties such as Singapore English are not immune to criticism. Rubdy (2001) noted
that the Singapore government had launched a “good English” campaign to clean up the use of Singapore
English. In countries like China, there is even stronger criticism of the local variety, demeaningly named
“Chinglish”. In their surveys of attitudes of Chinese learners and teachers of English, Jin (2005) and Hu
(2005) reported that speakers were very negative towards Chinglish, and for them, American English
in particular was preferable. However, the situation among teachers of English is somewhat mixed. Hu
(2005) noted that half of all teachers surveyed preferred to teach China English, and two thirds of them
thought that it would become the standard for teaching English in China (the same has also been reported
by He & Li, 2009 and Xie, 2014). The same debate is ongoing concerning Korean English or Konglish
(cf. Riidiger, 2014, for example).

An alternative view comes from the English as a Lingua Franca (ELF) movement. Given the fact that
the Expanding Circle is much bigger than the rest, with roughly two-thirds of English speakers being
non-native speakers (cf. the SIL Ethnologue, www.ethnologue.org), learners should be taught explicitly
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how to communicate intelligibly with other learners. For instance, Jenkins (2002, 2007) has proposed a
core of pronunciation features that are relevant for learners in lingua franca settings. However, this focus
on communication involving non-native speakers only, plus the fact that there is still a prescribed set
of norms that should be taught, has been criticised as being as extreme a position as one where native
speaker varieties are seen as the only correct ones.

Canagarajah (2007: 94) refers to ELF as ““a social process constantly reconstructed in sensitivity to
environmental factors”; and Park & Wee (2012: 46) state ELF is “always shifting in form and situated
within specific contexts”. Regarding native speakers’ place in such International Englishes, Berns (2008:
329) puts it that “native speakers have an important role, not as norm-setters, ..., but as partners with
non-native speakers...”. Thus, we see it that all speakers need to adapt in cross-cultural communication
settings, and it is in the interactions between speakers of English, both native and non-native, that norms
of usage are negotiated. Indeed, we can even argue that the native/non-native dichotomy is obsolete, and
that we should simply talk about “users of English”.

This leads us onto norms in online discourse communities.

Norms in Online Discourse Communities

As argued by Pennycook (2010) and Park and Wee (2012) for example, language is a product of social
action, and embodies the social practices that brought it about. According to Pennycook’s (2010) ecologi-
cal perspective, languages adapt to the environment they are used in. Language practices are negotiated
and embodied in discourse communities, which are a “locally created social category” (Llamas, 2007:
581); and are “constituted by the language practices they engage in” (Pennycook, 2010: 124).

In the community of practice approach, discourse communities are seen as groups of individuals
engaged in a particular task, with mutual engagement in that task, and with discourse practices to dis-
cuss that task (Lave & Wenger, 1991; Wenger, 1998). Communities set their own norms and practices
internally, although there may be outside influence on them. As Canagarajah (2013: 7) puts it, “...
grammatical norms ... evolve from local language practices sedimented over time” but crucially adds
that “...they are always open to renegotiation and reconstruction as users engage with new communi-
cative contexts”. So, norms in communities are fluid and can be changed. Li (2010) has noted that the
Internet is leading to changes in perceptions of norms in English, which is why we will focus on online
communication in our analysis.

Communities of language learners are an area of special interest to us, as they very much depend on
the norms they are introduced to through pedagogical materials. The choice of what norms to promote
and admit in assessment is of vital importance for teachers and learners alike. We mentioned in the
introduction that we will concentrate on one particular norm of online communication, reduced forms.
White (2011, 2014a,2014b, 2015b) has argued in previous work that the use of reduced forms is evidence
that a community of practice is being built and sustained, as they are examples of discourse practices
negotiated by that online community. Thus, our basic question here is what kinds of norms for reduced
forms are negotiated in online learner communities, those of native speakers or the learners’ own?

Much research in online discourse has identified reduction processes for the purpose of speeding up
communication, among other functions (cf. Herring & Zelenkauskaite, 2009). There are many different
classifications of reduction processes, but we concentrate here on some very general categories. The
following simplified system for reduced forms will be adopted for this analysis based on the common
categories identified in the literature, as argued for in White (2015a: 76):
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Clippings (using pl for please, plus acronyms and initialisms).

Homophone respellings (using 4 for for).

Phonetic respellings (using yeah for yes, or evry for every).

Mixed categories of clipping plus homophone or phonetic respelling (using cos for because, or plz
for please).

sl NS

The focus here is specifically on the reductions in orthography and morphology, although formal-
ity is an issue in phonetic respellings like yeah as well, as we see that these mark a particular type of
discourse community. Other categories such as the orthographic expression of emotion and intonation,
etc. are important features of CMC in textchat, but they are not of interest in this work.

Now, we present the data and participants in the study before we move on to the analysis.

NORMS IN ONLINE COMMUNITIES
Data and Participants

The participants in this study were users of English as a second language (30 in total), and were students
on a net-based MA programme in English Linguistics run by a university in Sweden. They were not
specially selected for a study, although they were told that the work they produced on the programme
could be used by teachers for research purposes. Their consent was sought for the material to be used,
informing them that they could say no at any time, and only those who gave their consent were included
in the study. Two were Bangladeshi students studying in Sweden, and the rest were Vietnamese students
based around Vietnam. The Vietnamese students were teachers of English at universities and colleges.
All students required an average IELTS score of 7.0 to be admitted onto the programme. Their ages
ranged from 23 to 45, and seven were men. An important reason why this material was used for a study
was that the students were novice Internet users, and so it is unlikely they will have had access to native
speaker norms in English computer-mediated communication before. As mentioned in the introduction,
this was also their first experience of net-based education. Thus, the way they developed their discourse
community and language practices was of particular interest.

The course where the data was taken from was the first course on their programme, an introduction
to core topics in English linguistics, such as phonetics, morphology, and different sociolinguistic topics
run in the Autumn semester of 2007. Thus, this was their absolutely first experience of net-based educa-
tion. The data comes from seminar discussions with three teachers who are users of American, British
and Irish English, respectively. The discussion in the seminars took place through Skype textchat. It is
important to remember that the classes were not focused on proficiency, which will affect the way lan-
guage is used. All students have been made anonymous in the presentation of the data, and are referred
to as, e.g. Student 15. Typographical errors have been preserved.

The data was analysed linguistically through manual analysis first of all, by identifying reduced forms
and counting which students used which forms. These were then checked by using the free concordancer
software, AntConc, available from http://www.antlab.sci.waseda.ac.jp/antconc_index.html.

Having presented the data and discussed issues to do with the methodology employed, we present
our analysis.
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How Were Norms Negotiated?

If we consider first how the students interact and negotiate norms, we see that they generally support
one another when a new reduced form is used:

Extract 1

Student 28: bb, all you

Student 6: take care

Student 4: Goodbye

Student 13: Bye, Teacher 1

Student 11: Bye. will we meet tomorrow,summer group?
Student 6: bye everyone

Student 8: bb

[Phonology seminar, Spring and Summer groups]

We find Student 28 using the informal bb for goodbye, which is then picked up by Student 8. There are,
though, many examples of students persisting in their own norms:

Extract 2

Student 27: ex: asked me in full pronunciation is {aSk t mi}, but when we speak fast we only pronounce
{as mi}

Student 23: yes

Student 22: Elision is a process that not prouncing segment that might be present in the delibratelypro-
nouncing of a word isolation

Student 22: Do you think so

Student 25: elision is typical of rapid, casual speech, the process of change in phoneme realisations
produced by chanign th speed and cansulness of speech

Student 21: can you give more examples

Student 24: I agree with Student 22

Student 25: eg: loss of weak vowels

[Phonology seminar, Winter group]

Student 27 uses ex for for example, but Student 25 uses eg which is the more standard (Inner Circle) norm.

In these communities, leaders in groups have a high status. The cohorts on the programme were divided
into four groups, each with a leader. This leader was responsible for keeping order in discussions, and
for arranging and leading group discussions without teachers. We see that leaders particularly strongly
affect the others when they use particular reduced forms. Consider the following extract:

Extract 3

Student 21: I think so
Student 21: u r just going too fast
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Student 20: I agree

Student 14: I think so

Student 22: the same to me

Student 18: u have to describe the postion of each ending sounds and u know why
[Phonology seminar, Autumn and Winter groups]

The leader of Winter group, Student 21, uses u as a reduction of you, and this is picked up by Student
18. However, it does happen that leaders are not followed, as the following shows:

Extract 4

Student 21: qu3, page 69

Student 25: ing

Teacher 1: yes

Student 25: Q3

[Morphology seminar, Winter group]

Here, we see Student 21 again using a reduced form, this time gu instead of guestion. In this case, though.
Student 25 does not adopt this form, but uses Q instead, This non-adaptation, though, does not happen
so often, and thus students are most often cooperative in adopting forms. It is also rarer, but we do also
see non-leaders affecting other non-leaders:

Extract 5

Student 2: EX pat -bat

Student 12: sorry I've lost which part are you discussing?

Student 3: how can we know that they are not overlap

Teacher 1: Are we all clear on how to establish if two sounds are allophones of one phoneme ?
Student 2: [ mean minimal pair

Student 4: complemantary distribution, Student 12

Student 9: for ex in the words She and Shoe

[Phonology seminar, Spring and Summer groups]

Student 2 uses ex for for example, which is then picked up by Student 9 (this form did not appear earlier
in the discussion). Note that a similar form is supported in a separate group in Extract 2 above. Their
groups are led by Students 1 and 7.

We have seen here, therefore, that students are generally cooperative when negotiating norms, but
that individuals can persist in their own usage. High status individuals in the community in particular
have power in this process. This is expected in dynamic communities where norms can be renegotiated,
and it is also evidence that we have a community of practice which is in the process of negotiating its
linguistic practices.

Next, we consider the role of the teachers in norm-setting.
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Teachers and Norms

Given their status in Vietnamese and Bangladeshi cultures, we might expect the norms the English-
speaking teachers follow would be adopted by the students. Indeed, we do find examples of this type:

Extract 6

Teacher 1: Student 4, what exactly do you want ex of?
Student 9: very clear

Student 8: it’s ok but two abstract

Teacher 1: Student 5? can you be specific?

Student 8: I mean too abstract

Student 5: ex of co-articulation effect

[Phonology seminar, Spring and Summer groups]

This first extract has Teacher 1 using ex as a reduction of example, and this is adopted by Student 5.
Thus, we see that native speakers do have some influence on norms in this community. However, these
are rare examples, and mostly students do not adopt teachers’ norms at all. The following is a represen-
tative example:

Extract 7

Teacher 1: T.Hanh, all sounds are allophones of some phoneme
[... three contributions missing ...]

Student 18: Can 2 allophones have the same envinronments?

[... seven contributions missing ...]

Teacher 1: Hanh, not if they are allophones of the same phoneme
Student 17: no, I mean

Student 18: Can I give an example of Vietnamese words?
Student 17: example of what?

Student 7: please go on thuy hanh

[Phonology seminar, Autumn and Winter groups]

Teacher 1 reduces the name of one student to 7.Hanh, Student 18. However, Student 7 does not adopt
this practice, though, but uses the full name, Thuy Hanh.
On the contrary, we find teachers adopting student practice, as in the following:

Extract 8

Student 15: We all have done Q.3

Student 17: Teacher 2, may be we should take another textbook.

Student 18: no problem with handout

Teacher 2: yes, i agree. we have one we use with other students that’s much better
Student 20: that’s good
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Student 15: but with Research tasks
Student 14: yes

Student 15: difficult

Student 17: which one?

Teacher 2: so what did you get for Q3?
[Morphology seminar, Autumn group]

Teacher 2 uses the reduction Q for guestion, following Student 15’s use.

Thus, the teachers can be seen to have limited influence on the norms negotiated by the community.
Given the background of these students, namely that they were novice Internet users and were new to
net-based education, it is surprising that they still actively negotiated their own norms separately from
those practiced by their teachers. We propose that it is an affordance of net-based education that they
were able to do this. The community they formed were able to negotiate their own norms due to the
distance created by the online environment.

Finally, we turn to how the teachers were addressed.

Addressing Teachers
When it comes to the status of teachers in this community, we see that they still do have high status. As

mentioned in the introduction, teachers are held in high respect in Vietnamese and Bangladeshi society,
and so should be addressed formally. We find this in the following common greetings:

Extract 9

Student 4: Thanks, teacher. and I am still in vague about bound morpheme, are functions only as parts
of words are bound morphemes?
[Language and the media seminar, Autumn-Winter group]

Extract 10

Student 4: more examples on co-articulation effect and assimilation, Prof Una
[Phonology seminar, Spring and Summer groups]

Extract 11

Student 25: hOW ARE YOU, Mrs Una?
[Phonology seminar, Winter group]

We see a variety of formal address forms. There are plenty of reductions, though, especially of this au-
thor’s name which tended to be reduced to single syllables like John/Jon or Jo, as we see in the following:

Extract 12

Student 13: Jo online now.
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[Morphology seminar, Spring group]

As the teachers were told informally by the students, they would not be able to refer to their Vietnamese
teachers in this way, and this social pressure is still apparent, in that we see students asking whether it
is ok to use a particular reduced form to address a teacher:

Extract 13

Student 17: Hello, Jon. Can we call you like that?
[Morphology seminar, Autumn group]

Student 17 asks if itis ok to use Jon as an address form. In face-to-face interactions with the same teachers
at a university in Hanoi, the students were much more reluctant to use similar shorter forms, and even
to use the teachers’ given names. Given that very different behaviour is evidenced in online discussions,
we see that this is further evidence that it is an affordance of net-based education to create closer, less
formal discourse communities, and to create new social environments for interaction. The same sorts of
conclusions have been made for computer-mediated communication regarding the amount and quality of
communication by non-native speakers in much literature (cf. Sauro, 2012; Jenks, 2014, among others).

Recommendations

We have given evidence that even novices to net-based education create their own norms through using
language. These norms are negotiated by the discourse community itself, mostly not adopting the norms
that their teachers practiced. This suggests that communities act independently in negotiating their own
language practices. This can be argued to promote the conditions for community autonomy and will
lead more readily to learner autonomy. Therefore, we would like to propose that as teachers in academic
discussion classes we should be more allowing of these practices. Such discourse environments have
specific language practices, and other communities will adopt similar or completely different norms. It
is up to the community itself to negotiate and adopt these practices. Through this, they strengthen the
community and thereby facilitate the individual autonomy necessary for learning.

FUTURE RESEARCH DIRECTIONS

This research can be taken in a number of directions. Firstly, similar communities can be followed over
a longer period of time to see if similar practices are negotiated, especially in an academic environ-
ment. Less formal communities may well negotiate in very different, and even more explicit, ways. In
terms of pedagogy, an experiment can be set to compare a group that is allowed freedom to set their
own language practices with one whose norms are restricted. How would the latter group react to these
restrictions? A hypothesis that could be tested here is that the restricted group would prove to be less
autonomous than the open group.
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CONCLUSION

To conclude, we have seen that communities set their language practices independently of outside con-
trol. Groups of novices at net-based education were found to negotiate and adopt their own practices.
This was argued to be strong evidence that a community had formed and was able to independently set
its own practices. We hope we have convincingly demonstrated that in spite of cultural and linguistic
influences, users of English can still practice and create their own language. To us, this is a sign of a
strong community which allows its own norms to be negotiated and practiced.
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ABSTRACT

Digital game-based learning (DGBL) has been identified as an effective digital teaching strategy to
foster 21st century learning. The inclusion of digital game-based learning in instruction is challeng-
ing for educators to structure in higher education learning environments, often because of the lack of
coherence with curriculum. Gamification is a recent DGBL strategy that enables the instructor to incor-
porate the motivational and engagement elements of games in ways that can be adapted to curriculum
requirements. Gamification, supported with digital technologies such as web-based tools and learning
management systems, offers the instructor the benefits of both face-to-face traditional instruction and
online learning. An example of how blended learning in higher education incorporates gamification is
presented. Study findings indicate that the blended gamified learning environment motivated learners
and promoted cognitive, skill, and attitude development.

INTRODUCTION

Digital games have been identified as a teaching strategy that goes beyond conventional notions of peda-
gogy to create learning environments that feel “new, meaningful, and 21st century” (Johnson, Adams,
Becker, Estrada, & Freeman, 2015, p. 34). The motivational aspects of games make them highly appli-
cable in higher education to foster student engagement in learning (Connolly, E.A. Boyle, MacArthur,
Hainey, & J.M. Boyle, 2012). However, a recent review shows that digital games are not being utilised
to their potential in educational settings (Boyle et al., 2016). Research shows that the inclusion of digi-
tal game-based learning (DGBL) is often challenging for educators to implement in formal education
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learning environments (Faria & Wellington, 2004; Ritzhaupt, Gunter, & Jones, 2010; Van Eck, 2015).
This chapter proposes the use of gamification in a blended learning environment as a low-risk strategy to
promote more widespread use of DGBL in higher education courses. While gamification is an emerging
strategy with many definitions associated with it, there is consensus that it involves “the integration of
game elements, mechanics, and frameworks into non-game situations and scenarios” (Johnson, Adams,
Becker, Estrada, & Freeman, 2013, p. 20). In this chapter, the relevant literature on blended learning,
gaming, and gamification are reviewed, and an empirical case is presented, to illustrate the application
of gamification to blended learning in higher education. The design and implementation of a gamified
blended course are discussed and future research directions are proposed.

BACKGROUND
Blended Learning

A current trend in higher education is the implementation of blended learning (Halverson, Graham,
Spring, Drysdale, & Henrie, 2014; Johnson et al., 2015). According to Graham (2013, p. 334), blended
learning is commonly used to “denote a combination of traditional face-to-face and online instruction.”
Blended learning evolved from the research into effective teaching practices in higher education which
indicated that teacher-directed, lecture-style instruction prominent in higher education learning envi-
ronments often resulted in “surface-learning” of content (Marton & Saljo, 1976). Deep and meaning-
ful learning promotes metacognitive and higher order thinking skills which are supported by learning
strategies such as collaborative tasks, engagement in discourse, reflection, and self-regulated learning
(Garrison & Vaughan, 2008). Nonetheless, it has been found that some learning strategies tend to be
more effective in one learning environment compared to the other. For example, collaborative tasks in
face-to-face learning environments provide emotional support through opportunities “to create a sense
of community and connectedness more quickly,” which is lacking in the online environment (Garrison
& Vaughan, 2008, p. 28). On the other hand, reflection and discourse through self-regulation of learning
is not as strongly supported by face-to-face learning interactions. It is the asynchronous nature of online
learning activities that encourages collaborative discourse, reflection, and self-regulation of learning
outside of class (Vaughan, Cleveland-Innis, & Garrison, 2013). Blended learning environments are
therefore beneficial for mitigating emotional distance (Vaughan et al., 2013) and developing metacogni-
tion and higher order learning skills (e.g., S. K. Taradi, M. Taradi, Radic, & Pokrajac, 2005; Tsai, 2014).

Various frameworks have been proposed for designing blended learning. For example, Wu, Tennyson,
and Hsia (2010) found that acombination of the following factors: cognitive (e.g., computer self-efficacy),
technological (e.g., flexible access to online activities) and social interactions, contributed to learner
satisfaction. Another framework that has been most prevalent for informing blended learning design is
Garrison and Vaughan’s (2008) community of inquiry (Halverson et al., 2014) where social and cognitive
presence is addressed in the face-to-face and online environment. According to this framework, social
presence is best promoted through learning activities (e.g., wikis, blogs) that engage students in small
group discussions, collaborative research, and cooperative group work (Vaughan, Cleveland-Innis, &
Garrison, 2013). Cognitive presence in the online environment is developed through inquiry with the
community of learners, using ongoing reflection and critical discourse. Many online learning activities,
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such as WebQuests, videos, simulations, and games provide learners with opportunities to gain knowledge
and participate in a community of online inquiry (Figg & Jaipal-Jamani, 2015).

Digital Games

Generally, digital games are identified by a set of common characteristics that include explicit rule sys-
tems and players, visual and auditory components, action and conflict, players competing against each
other, or the game system, and the attainment of an outcome or a clear and quantifiable goal (Gee, 2013;
Salen & Zimmerman, 2004). Additionally, it is the interactions among the technology, player thinking,
and social interaction that create the gaming experience for players (Shaffer, Squire, Halverson, & Gee,
2005). Three corresponding constructs, rules, play, and culture, as described by Salen and Zimmerman
(2004), provide educators with a simple framework to understand how games are designed to promote
the gaming experience. Rules refer to the features used to organise the game such as the structure, ele-
ments, and mechanics. These design features determine player input and output, what choices players
make, and what the outcomes or rewards of the game are. Play describes players’ immersion experiences
with the game and includes motivation to play and the tactics and strategies used while playing. Culture
encompasses the larger context of the game which could be fictional or nonfictional and includes values,
narrative, and community building. It is the use of a combination of these game features (rules, play,
and culture) that capture the player’s attention and enable the player to experience emotional well-being
(e.g., happiness, pleasure) and satisfaction of psychological needs such as autonomy, competence, and
relatedness (Ryan, Rigby, & Przybyiski, 2006; Weber & Shaw, 2009).

Digital Games in Educational Settings

The use of digital games in educational settings has gained momentum because of the many benefits
for the workplace and learning attributed to playing games. For example, many of the workplace skills
employees are expected to have are similar to the skills that lead to success in gaming, such as strategic
thinking, problem solving, and adapting to change (Federation of American Scientists, 2006). Many
characteristics of the gaming environment are also purported to support development of 21st century
learning skills or competencies (Granic, Lobel, & Engels, 2014), such as critical thinking and problem
solving, collaboration and teamwork, and computer literacy (Trilling & Fadel, 2009). The motivational
benefits of digital games, through entertaining and capturing the attention of the player for long periods
of time, are well documented (Deterding, Dixon, Khaled, & Nacke, 2011; Gee, 2003). Additionally,
digital games have contributed to cognitive, skill, and attitude development (e.g., Egenfeldt-Nielsen,
2007; Vogel et al., 2006). Research also points to the applicability of games in educational settings be-
cause the game experience is consistent with experiential views of how students learn (Gee, 2013). As
Gee (2013, p. 18) succinctly points out, “games are just well designed experiences in problem solving”
where factual knowledge is used as a tool to solve a problem. When digital games are used for educa-
tional purposes, characterised by some type of learning that occurs by interaction of the player with the
mechanics of the game, this learning experience is called digital game-based learning, or DGBL (Van
Eck, 2015). The most prevalent forms of DGBL in education are the use of commercial off-the-shelf
games (COTS) which are easily accessible or serious games, ones designed to train or teach specific
skills and content. The application of DGBL in higher education settings is not widespread (Boyle et
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al., 2016) and this situation may be attributed to pedagogical and implementation issues and challenges
experienced by instructors.

Issues and Challenges Using DGBL

A pedagogical issue that crops up when using COTS and serious games in educational settings is that
commercial games may not meet a wide range of course learning outcomes. For example, the scope of
the content covered by a video game may not adequately reflect the content as described in the course
curriculum or provide sufficient scaffolding for learning complex content (Faria & Wellington, 2004;
Lean, Moizer, Towler, & Abbey, 2006). This limitation has led to instructors making teaching modifica-
tions to teaching strategies and assessment tools. Therefore, serious video games or COTS are often not
used as primary instructional activities and are perceived as “most useful as a supplemental resource or a
consolidation tool for student learning of [the content]” (Jaipal & Figg, 2009, p. 5). Another pedagogical
issue is the type of learning promoted by DGBLs. Instructors wanting to promote reflection and higher
order thinking processes in their subject areas are challenged to find suitable games promoting such learn-
ing goals. Many serious games primarily support the learning and reinforcement of factual information
or acquisition of knowledge (Kiili, 2005) and professional training (e.g., medicine and business; Boyle,
et al., 2016) through drill and practice, quizzes and tests, and training simulations.

Factors that contribute to implementation challenges have also been identified in the literature.
Technical competence, especially lack of expertise or prior experiences playing games, influences
instructor confidence in their ability to incorporate digital games in instruction (Faria & Wellington,
2004, Ritzhaupt et al., 2010; Van Eck, 2015). Instructor perceptions of games as an effective learning
strategy, also affect their adoption of games. Research shows that perceptions of games are “based upon
[instructor] professional judgement of benefit and risk, rather than on the resources available” (Lean et
al., 2006, p. 239). In light of these barriers to faculty adoption of DGBLs, gamification offers instruc-
tors a way to take advantage of the motivational and cognitive affordances of games, in spite of modest
technical competence levels. Gamification also enables the tailoring of the learning activity to match
specific student needs and learning goals with fewer changes to existing instructional practices (Figg &
Jaipal-Jamani, 2015).

GAMIFICATION IN HIGHER EDUCATIONAL SETTINGS
Gamification

Gamification is a recent trend in many public sectors, including education, because it incorporates
aspects of games that can motivate, increase participation and engagement, and has the potential to
improve learning (Dicheva, Dichev, Agre, & Angelova, 2015; Seaborn & Fels, 2015). Admittedly, there
is controversy around the use of the term gamification. Critics argue that gamification as described in
the literature, with its emphasis on the use of points, badges and leaderboards for task completion and
achievement, is really pointsification (Robertson, 2010, para 11). While gamification does include the
strategy of pointsification, there is consensus in the education literature that gamification involves the
application of a range of game design elements in non-game contexts (Deterding et al., 2011). Seaborn
and Fels (2015) further characterise gamification as: 1) being designed for non-entertainment purposes
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and 2) using elements of games, without creating a “fully-fledged game. In this way, gamified systems
are game-like, but not a game” (p. 27). Studies on gamification in educational contexts do incorporate
game elements beyond the points system (Dicheva et al., 2015). Besides the motivational game elements
identified such as choice and rewards, Kapp (2012) and Stott and Neustaedter (2013) identify other
dynamic gaming elements such as “providing learners with permission to fail, encouragement of out-
of-box thinking, and fostering a sense of control” (Kapp, 2012, p. xxii) that contribute to rich learning
experiences. It should be noted, however, that simplifying the complexity of the game application to
a few game mechanics could result in less engagement of students and lead to an alienation of interest
(Lee & Hammer, 2011; Stott & Neustaedter, 2013). As well, the use of game elements “is not practical
for all learners, all content, all the time—any more than are lectures or textbooks” (Van Eck, 2015, p.
24) and will not meet all learning goals. Therefore, as Lee and Hammer (2011) point out, “we must
carefully design gamification projects that address real challenges” (p.4).

Design Framework for Gamification

Kapp (2012) suggests that gamified learning environments are effective when they include these three
components: 1) game-based mechanics, 2) aesthetics, and 3) game thinking.

e  Game-Based Mechanics: The game-based mechanics most used in educational settings are the
use of badges, point systems, leaderboards, goals, and time limits (Dicheva et al., 2011; Kapp,
2012; Deterding et al., 2011). Applying these game mechanics to non-gaming situations provide
the engagement and motivational aspects found in games such as freedom to fail, rapid feedback,
progression, and story-telling (Stott & Neustaedter, 2013). For example, incorporating tasks,
quests, or challenges that can be repeated with no penalty for failure supports freedom to fail and
mastery of content. Experience points provide immediate feedback to players and rewards with
badges and levels provide recognition of achievements and a record of progress. Competition
through leaderboards acknowledges and recognizes achievements while providing a comparison
of performance with others.

e  Game Aesthetics: Game aesthetics refers “to the way the game mechanics and dynamics inter-
act with the game designer’s artistry, to produce cultural and emotional outcomes” (Dicheva et
al., 2011, p. 3). It includes the visual and aural presentation of the gamified activity such as the
presentation of tasks through a cohesive interface theme, the design of an attractive layout, the
use of appropriate graphics, and ease of navigation through the material. These aesthetic features
contribute to feelings of satisfaction and how willingly a player accepts the gamification (Kapp,
2012).

e  Game Thinking: Game thinking is described as, “thinking about an everyday experience and
converting it into an activity that has elements of competition, cooperation, exploration, and sto-
rytelling” (Kapp, 2012, p.11). It is a mind-set where the element of fun or challenge is used delib-
erately to create an experience that motivates learners to engage in desired behaviors or learning
goals (Werbach & Hunter, 2012) which are clearly communicated Figg & Jaipal-Jamani, 2015;
Robson, Plangger, Kietzmann, McCarthy, & Pitt, 2015). Tasks should provide valuable informa-
tion or skills, tap into personal interests and passions, provide an element of free exploration and
play, result in mastery of skills, and vary in complexity and depth (Deterding, 2011; Van Eck,
2015).
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There is consensus in the field that gamification holds potential to motivate and engage learners
(Dominguez et al., 2013; Van Eck, 2015; Robson et al., 2015). Adding gamification to blended higher
education courses through scaffolded, online learning activities is, however, a new practice which may
be complex, and require some effort to make it motivating for students (de-Marcos, Dominguez, Saenz-
de-Navarrete, & Pagés, 2014). In the next section, we describe an example of a successful gamified,
blended learning environment in higher education.

Blended Gamification in Action: The TPACK Quest

The strategy of gamification was used to redesign an instructional technology methods course in a Faculty
of Education. The purpose for redesigning the course was to address the problem of lack of motivation
among preservice teachers (student teachers) to engage with background information (e.g., textbook
readings) assigned to enhance in-class learning experiences and to deepen their knowledge about teach-
ing with technology, or technological pedagogical and content knowledge (TPACK; Mishra & Koehler,
2006). Drawing on aspects of the design frameworks of Wu et al. (2010) and Vaughan et al. (2013) for
elements of blended learning, and Kapp (2012) for gamification components, a gamified, online learning
environment, called the TPACK Quest, was created using Wordpress, a free blogging tool. To ensure a
quality blended learning environment where online learning activities enhanced in-class activities, gami-
fied, online activities addressed cognitive, technological, and social interactions respectively (Wu et al.,
2010; Vaughan et al., 2013). For example, cognitive skills were developed by having preservice teach-
ers learn about the characteristics and actions for effective teaching with technology through readings
and interactive media; technological knowledge was developed through digital application tasks where
new technical tools were used in authentic learning experiences, and social interactions were promoted
through collaborative online discussions.

The design of the Quest was also informed by the three design elements discussed in the previous
section (Kapp, 2012). Game mechanics included a pointsification scheme of ten badges and a TPACK
Quest manifesto which guided game play. Grade points were awarded for each task, and badges were
earned for completing a mission or series of tasks. The Quest badge missions included topics such
as gamification, TPACK, digital citizenship, problem-based learning, and Web 2.0 learning objects.
Acquiring ten of these badges resulted in earning the Cup of Wisdom. Four additional badges were
awarded for a digital portfolio, professional conduct, completion of in-class activities, and attendance
and punctuality. Completion of the latter tasks resulted in the Professional Order of the TPACK Teacher
award. The Quest also incorporated a limited narrative introduced by an avatar in a video to provide
a purpose and overall context for the activities. Game aesthetics, such as the colorful interface of the
Quest, the consistent navigational elements, and a variety of interactive learning objects throughout
the online environment, promoted ease of participation. Game thinking was employed in three ways to
design the tasks. First, tasks incorporated a variety of activities, with varying levels of difficulty and
complexity. Secondly, tasks incorporated an element of challenge, or problem solving, around pedagogi-
cal thinking. Lastly, the element of fun was incorporated by challenging ‘players’ to use Web 2.0 tools
in ways teachers used the tools within classroom instruction. For example, to earn the Digital Teacher
badge, ‘players’ examined videos about flipped and blended learning outside of class, then used Cu-
bedTeachers (http://www.cubeforteachers.com/), an online repository of teacher-selected resources, to
select an activity. The task was to write an introductory paragraph introducing the activity, and insert
that text into the newspaper headline generator at Fodey.com. The resulting image (newspaper clipping
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with their inserted text) was submitted to earn their badge. In class, the resources gathered through the
experience were evaluated and top resources identified for the collaborative resource board, resulted in
points towards the Collaborator badge.

The Research Study

A design-based research study (Anderson & Shattuck, 2012) was conducted over two years to investi-
gate how gamification influenced teacher candidates’ TPACK, or understanding of how to teach with
technology (cognitive), collaborate and use technology (skill), and professionalism (attitude). Teacher
candidates were enrolled in six different sections of the technology methods course in which the Quest
was implemented. Data were collected from 133 teacher candidates and data sources were online sur-
veys, written reflections, and artifacts in digital portfolios. Data sources also included email interviews
with the five different instructors teaching the technology methods course, researcher field notes from
weekly instructor meetings, and instructors’ records. Instructors met weekly to discuss any issues or
concerns with the course. Any changes to the Quest, or the process for playing the Quest, were imple-
mented into all sections. All data were analysed and coded by two independent raters with 100 percent
unity of agreement.

The findings from online surveys and written reflections revealed that the gamified learning environment
motivated teacher candidates to complete tasks Figg & Jaipal-Jamani, 2015) and is consistent with other
findings on gamification (Lee & Hammer, 2011; Hamari, Koivisto, & Sarsa, 2014). All written artifacts
by preservice teachers were subjected to content analysis for evidence of TPACK learning gains. Results
showed that the gamified blended learning environment stimulated cognitive development (progress of
learning) through the visual tracking of learning, promoted self-regulated learning (at their own pace),
and facilitated risk taking with technology (Figg & Jaipal-Jamani, 2015). Results were corroborated by
survey data. For example, in response to the statement, “I feel I gained more knowledge about TPACK
from playing the TPACK Quest than I would have from reading a textbook on the topic,” more than two
thirds of students agreed or strongly agreed with the statement.

In this case, a blended learning environment enabled the instructors to teach existing curriculum us-
ing face-to-face pedagogical practices while incorporating the benefits of an online gamified learning
environment. However, there is no doubt that instructors need technical skills to be able to create the
digital interfaces and learning objects that comprise the learning environment. Instructors also need to
have pedagogical expertise to be able to design a series of game tasks that are varied in depth, complex-
ity, and difficulty while scaffolding the learning process (Figg & Jaipal-Jamani, 2015; Deterding, 2011).

FUTURE RESEARCH DIRECTIONS

Studies of gamification have focused on investigating how gamification influences motivation, engage-
ment, and enjoyment of students during learning (Hamari et al., 2014). The case reported in this chapter
is one of the few examples in higher education that provides empirical evidence of the effectiveness of
gamification to achieve learning goals related to a course with a large sample of students. There is a need
for additional empirical studies to examine gamification and learning outcomes in different higher educa-
tion disciplinary contexts. As well, studies show that the appropriateness of the context being gamified
and the characteristics of students play a role in how effective the gamification strategy is (Hamari et al.,
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2014). As such, a future area of research could be to examine how context and characteristics of students
influence the blended gamified learning environment. Another area for future research is investigating
how instructor knowledge base to design blended gamified learning environments develops. This is
important because instructors need knowledge in two areas, creating blended learning environments
and using game design elements within instruction.

CONCLUSION

The barriers encountered by instructors when trying to implement digital games such as video games and
simulations, often hinder the widespread use of games as an instructional strategy. This chapter presented
current perspectives on how the affordances of games, such as choice, feedback, autonomy, and freedom
to fail, can be incorporated into a gamified blended learning environment in higher education. Gamifi-
cation is another digital game-based strategy that utilizes game mechanics, game aesthetics, and game
thinking to achieve the motivational and engagement benefits of digital games within the constraints of
curricular content that has to be taught. Furthermore, incorporating gamification into blended learning
environments provides instructors with opportunities to use traditional face-to-face instruction thereby
scaffolding faculty adoption of unfamiliar instructional strategies. A gamification strategy provides
many of the benefits derived from games, without requiring instructors to have the knowledge and ex-
perience to create or play games. Hence, gamification in blended learning environments is a promising
instructional strategy that draws motivational and engagement aspects from game-based learning, and
provides learners with opportunities for cognitive, skill, and attitude development.
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KEY TERMS AND DEFINITIONS

Blended Learning: An instructional practice that involves using both online and traditional face-to
face learning experiences where a part of the face-to-face instruction is replaced by online activities
completed outside the classroom.

Digital Games: An interactive system on a digital device that is rule-based, played by one or more
players, with variable or quantifiable outcomes that are ranked.

Digital Game-Based Learning (DGBL): Digital games created for learning purposes characterized
by learning that occurs by interaction of the player with the mechanics of the game.

Gamification: One form of DGBL that uses game-based elements such as mechanics, aesthetics, and
game thinking in non-game contexts aimed at engaging people, motivating action, enhancing learning,
and solving problems (Borgos et al, 2014).

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3238-3247, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

Students in the 21st century need to become proficient in both chemistry and the 21st century skills.
Chemistry is often called the central science. Indeed, the knowledge of chemistry is the foundation for
innovation, scientific literacy, and most notably, problem solving in connection with sustainable develop-
ment. Apart from knowledge, innovation and problem solving in the 21st century requires a new range
of skills known as 2 1st century skills. Unfortunately, chemistry is usually considered difficult. Moreover,
there are fewer studies that focus simultaneously on enhancing conceptual understanding and develop-
ing the 21st century skills. Therefore, the authors initiated an innovation by designing a new module,
known as MyKimDG, to support the acquisition of concepts and provide opportunities for them to apply
the 21st century skills. The purpose of this chapter is to present conceptual framework of MyKimDG
and demonstrate a brief lesson in MyKimDG to the teaching and learning of a specific chemistry unit.

INTRODUCTION

As the labour market of the 21* century become increasingly emphasize on skilled human capital which
are highly knowledgeable and innovative, STEM (Science, Technology, Engineering and Mathematics)
education has slowly been making its way into classrooms. Efforts have been undertaken to improve the
quality of STEM education in order to produce STEM literate students, i.e. students who are capable of
identifying, applying, and integrating the STEM concept to understand complex problems and generate
innovation to solve the problems (Chew, Noraini, Leong & Mohd Fadzil, 2013).

STEM literate students must have mastered the knowledge of science, particularly chemistry because
chemistry is essential as the basic of most of the fields of science, technology and engineering (Balaban
& Klein, 2006). Indeed, chemistry is often called the central science (Brown, LeMay, Bursten, Murphy
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& Woodward, 2011; Chang, 2007). Chemistry is also the foundation for innovation, scientific literacy
and most notably problem solving in connection with sustainable development (Risch, 2010). Using
chemistry knowledge, for instance, one can make judicious decisions to design new materials that are
environmentally safe to solve various problems in everyday life. In the 21st century, chemistry will
continue to play a leading role in providing solutions to ensure sustainable development.

Apart from knowledge, innovation and problem solving in the 21* century requires a new range of
skills known as 21* century skills. For example, innovation and problem solving in today’s world is
driven by the formation of networks with multiple parties including experts and researchers with related
interests as well as consumers and customers. The 21 century skills enable one to communicate and
collaborate effectively with various parties.

Clearly, students in the 21* century need to become proficient in both chemistry knowledge and the
21 century skills. Therefore, the authors have initiated an innovation instructional strategy to support the
acquisition of chemical concepts and the 21st century skills. A module known as MyKimDG has been
developed as a mechanism for accomplishing the desired goals. The purpose of this article is to present
conceptual framework of MyKimDG and demonstrate a brief lesson in MyKimDG to the teaching and
learning of a specific chemistry unit.

BACKGROUND

Chemistry is usually perceived as a difficult and unpopular subject due to the abstract nature of chemical
concepts. Previous studies on students’ conception have revealed that students have many alternatives
conceptionin chemistry. While the literature is replete with studies and papers, which investigate students’
understanding of chemical concepts and suggest potential remedies, fewer studies focus simultaneously
on improving conceptual understanding and developing the 21* century skills. Hence, educators should
be encouraged to design innovative and effective learning strategies to enhance both students’ conceptual
understanding and their 21* century skills. In this case, a change in chemistry teaching and learning
approaches is critical. This is especially more crucial when educating today’s students who are ‘digital
natives’ (Prensky, 2001). The teaching and learning approaches must befit the needs of these digital
natives and subsequently achieve the desired aspiration.

One approach suggested by researchers to educate the digital native generation is the integration of
digital games in the teaching and learning processes as digital game is a medium favoured by students.
Nowadays, the integration of digital games in learning or digital game-based learning (DGBL) is gain-
ing popularity parallel with their popular reputation among students (Kamisah & Nurul Aini, 2013).
Many studies have reported that DGBL can provide positive impact on students’ learning. In general,
the studies on DGBL were carried out through two approaches, namely (1) student as game consumer
or player, and (2) student as game designer.

In the first approach, the students were involved in playing commercial digital games in the market
or educational digital games developed by educators. However, there are many obstacles to implement-
ing the student as game consumer approach. For instance, the contents of commercial digital games
are inaccurate or incomplete (Van Eck 2006) and the development of professional educational digital
games is time-consuming(Hwang et al. 2013). In addition, many gamers do not play educational digital
games as they find these games not compelling (Pivec 2009). This happens because educational digital
games are designed by academics who do not really understand the art, science and culture of digital
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game design (Van Eck 2006). As a result, the product has failed dismally as a game. Prensky (2008) also
raised this issue and states °‘...the students had no input into its creation, and the stuff came out cute to
the adults, but boring to the kids’. According to Prensky (2008), students even told straight forwardly:
‘Don’t try to use our technology, you’ll only look stupid.’

One alternative of DGBL approach that has been proposed by some scholars (such as Kafai, 1996;
Papert, 1998; Jung & Park, 2009; Kamisah & Nurul Aini, 2013) is for students to design their own digital
games. Many studies have reported that this approach provide opportunities for students to explore ideas
according to their own interests (Kafai & Ching, 1996); acquire knowledge of programming (Kafai,
Ching & Marshall, 1997); as well as become active participants and problem solvers, engage in social
interaction by sharing their designs and helping each other, and take ownership of their own learning
(Baytak & Land 2010).

In addition, Vos, van der Meijden and Denessen (2011) has reported that the student as game designer
approach is a better way to increase student motivation and deep learning compared to the student as
game consumer approach. Lim (2008) and Prensky (2008) also recognized the potential of this approach
in improving student motivation and engagement. According to Lim (2008), when students are given the
autonomy to take responsibility for their own learning and co-design learning experiences with teachers
and other students, they are more inclined to engage in their own learning process. Hence, one way to
do so is by allowing students to become designers of their own digital games based on their own inter-
pretation of the school curriculum. For Prensky (2008), students will be motivated if they are allowed
to do something extraordinary in learning at school and gain recognition for producing digital games.
Therefore, the authors have initiated an innovation to take advantage of the student as game designer
approach to support the acquisition of chemical concepts and the 21st century skills.

CONCEPTUAL FRAMEWORK OF MYKIMDG

Principles derived from learning theories play an important role in guiding MyKimDG development.
Two important theories in learning and education that incorporate into MyKimDG development are
constructivism and constructionism.

According to constructivist theory of learning, learner is knowledge builder. Learner does not receive
knowledge passively, but he/she interpret the knowledge received and then modify the knowledge in a
form that acceptable to him/her. In other words, individual learner actively constructs new knowledge
pursuant to his/her existing knowledge. In addition, the process of knowledge construction can be improved
through social interaction and discovery. Vygotsky (1978) believed that interaction between learner and
teacher or more skillful peers will provide scaffolding to learner within the Zone of Proximal Develop-
ment to construct new knowledge. However, no interaction would be beneficial if the new information
is presented to students traditionally. Instead, students should be given the opportunity to explore or
discover the new knowledge. Bruner (1966) believed that learning and problem solving emerged out of
exploration of new knowledge.

Inaddition to the constructivist theory, constructionist theory of learning asserts that the construction of
new knowledge happens felicitously in a context where students are consciously involved in the production
of external and sharable artefacts (Papert 1991). This theory goes beyond the idea of learning-by-doing
as indicated by Papert (1999a) that ‘I have adapted the word constructionism to refer to everything that
has to do with making things and especially to do with learning by making, an idea that includes but
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goes far beyond the idea of learning by doing.” Indeed, Papertian constructionism challenges the learner
applying the knowledge being explored to construct more complex ideas or larger theory. This theory
emphasizes the role of design (making, building or programming) (Kafai & Resnick, 1996) and external
objects (Egenfeldt-Nielsen, 2006) in facilitating the knowledge construction. The constructionist theory
of learning also values the diversity of learners and social aspects of learning (Kafai & Resnick, 1996). In
the constructionist learning environment, the designers or learners create artefacts which are significant
to themselves based on their interests, learning styles and their experience, and shares their artefacts as
well as the artefacts’ designing process with peers. In this process, peers act as collaborators, coaches,
audiences and co-constructors of knowledge.

Computers play a role in the constructionist learning theory. Computers can be used as a building
material (Papert, 1999a). According to Papert and Franz (1988), a computer is a ‘material to be messed
about with’. Learning occurs when learners are ‘messing about’ with the computer. The introduction
of computers is also able to change the context of learning (Papert, 1991). Computers can serve as a
convivial tool (Falbel, 1991). The willingness of learners to learn will increase because they can use the
computer in building artefacts (Papert, 1991).

Both constructivist and constructionist theories imply that learning depends on the learners themselves
and learning can be enhanced through social discourse and discovery. Figure 1 illustrates the intercon-
nections among the learning theories. Additionally, constructionist theory suggests that learning can
be further enhanced if learners are involved in collaborative artefact designing projects using ICT as
construction material.

Learning Approach

Based on constructivist and constructionist theories, learning approaches such as collaborative learning,
discovery learning and learning through designing digital game (student as game designer) are integrated
in MyKimDG. Figure 2 summaries the focus of each learning approach in manoeuvring learning activi-
ties in MyKimDG.

e  Collaborative Learning: Activities in MyKimDG are designed so that students engage in discus-
sion, share and exchange ideas in groups. Through this approach, triggering of cognitive conflict
and restructuring of ideas will occur when students share their ideas from their own perspective.
It also improves students’ 21st century skills such as collaboration, communication and interper-
sonal skill because students are able to practice in the real world.

e Discovery Learning: Students are guided towards exploring chemical concepts. Students will
gain deeper understanding when they are given opportunities to discover or construct new con-

Figure 1. Interconnections among the constructivist and constructionist learning theories
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Figure 2. Focus of learning approaches in MyKimDG
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cepts or understanding for themselves. It also lets students experiencing the discovery activities,
and stimulating their own thinking. As students embark on the discovery process, teacher reminds
them of the important of the process in learning. If they can perceive the values of the process,
they will be motivated to learn chemistry. In this approach, students are empowered to take re-
sponsibility for their own learning and practice the 21* century skills in real situations.

e  Learning Through Designing Digital Game: In MyKimDG, students are involved in designing
PowerPoint games related to chemical concepts. They discuss in groups and apply the concepts
learned to design PowerPoint games. With this, students can visualize the concepts in the sub-
microscopic level. This approach can also create or learning environment that allows students to
make decisions about the design of the desired PowerPoint game, apply ICT and collaborate in a
social context.

PowerPoint game is selected as Microsoft PowerPoint software is available at all schools and the
use of the software does not involve additional cost and complicated programming languages. The
only technical skill that students need to master to design PowerPoint games is how to create custom
animations. In addition, existing PowerPoint game templates are available online and can be modified
by students to help them progressively master the game designing skills. This strategy is parallel with
the development phases proposed by Rieber, Barbour, Thomas and Rauscher (2008). However, students
are also encouraged to use other software like Game Maker and programming languages such as Java,
Logo and Scratch if they are skilled in the software.

When students carry out their digital game designing project, they are guided to move through the
creative design spiral (Rusk et al., 2009) in order to assist them develop new ideas. Students are also
given the autonomy to choose their own game design, plan and carry out the project based on the group’s
consensus. The students are also told that the PowerPoint game will be used to help their peers who
face difficulty in learning the chapter. It is expected that this strategy will improve students’ perceived
competency, autonomy and relatedness, and hence increase their motivation in chemistry.
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The learning through designing approach aims to deepen students’ conceptual understanding in
chemistry as cognitive conflict may be triggered during activities and hence, new understanding may
discover. As the same time, it provides a platform for students to develop their 21* century skills.

Instructional Model and Strategy

Over the past decade or so, there has been a significant effort to improve conceptual understanding.
Studies have revealed that mastery of science concepts will be enhanced if students become aware of
their misconception. To help students realize their misconception and replaced it with scientifically ac-
ceptable concept (i.e. conceptual change), cognitive conflict strategy has been proposed by scholars such
as Piaget (1977) and Posner, Strike, Hewson and Gertzog (1982). Therefore, the BSCS 5E Instructional
Model (Bybee et al., 2006) designed to facilitate conceptual change is applied in MyKimDG.

To help students understand the chemical concepts, students are guided to explain macroscopic
experience at the sub-microscopic and symbolic levels. It is known that conceptual understanding in
chemistry involves making use of three main representations or levels. The triplet relationship is the key
model in chemical education (Gilbert & Treagust 2009).

In MyKimDG, the phases of the BSCS 5E Instructional Model and Creative Design Spiral have
been modified and standardized. The resultant phases are Inquiry, Discover, Produce, Communicate
and Review (IDPCR). Table 1 shows the IDPCR phases in MyKimDG and related phases of the BSCS
5E Instructional Model and Creative Design Spiral.

During implementation of MyKimDG, students are guided to experience and realise the IDPCR
phases. As the process is done repeatedly, new ideas are always generated and students’ 21 century
skills such as inventive thinking skills are developed. Students are expected to practice the process in
everyday life and in the workplace. Apart from that, it is expected that the acronym IDPCR can help
students remember the five important clusters of 21* century skills, i.e. Inventive thinking, Digital-age
literacy, high Productivity, effective Communication and spiritual values (nilai Rohani). The five clusters
of 21% century skills have been identified by Kamisah and Neelavany (2010).

Table 2 shows the outline of instructional activities in MyKimDG.

Table 1. Phases in MyKimDG and related phases of the BSCS 5E Instructional Model and Creative

Design Spiral
MyKimDG BSCS 5E Instructional Model Creative Design Spiral
Inquiry Engage Imagine
Discover Explore Experiment
Produce Elaborate Create
Communicate Explain Share
Review Evaluate Reflect
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Table 2. Outline of instructional activities in MyKimDG

Phase Purpose Activity
Inquir 1. Arouse students’ interest 1. Teacher shows discrepant events.
quiry 2. Access students’ prior knowledge 2. Students make observations and explain the phenomena at

Predict, ask,

T . 3. Elicit students’ misconceptions the sub-microscopic and symbolic levels.
hypothesize, identify R . . .. .
. 4. Clarify and exchange 3. Students discuss in groups and compare their ideas with
problem, brainstorm . i
current conceptions their peers.

1. Students perform hands-on and minds-on activities in

groups.
1. Expose to conflicting situations 2. Students are encouraged to engage in discussions and
Discover 2. Modity cu.rrent conceptions and develop information seeking using ICT.
Investigate, new copceptlons N 3. Students generate explanation of the observed
experiment, explore 3. Provide opportunities for students to phenomenon.
’ demonstrate their conceptual understanding, 4. Students practise the skills needed in an experiment or
and skills activity.

5. Students are asked to communicate in groups and report
back with their findings.

1. Students apply their new ideas by conducting additional
activities

2. Students perform additional tasks that are more complex
and involve higher order thinking skills (HOTS).

3. Students carry out open-ended projects.

1. Challenge and deepen students’ conceptual
understanding and skills

2. Provide additional time and experiences
that contribute to the generation of new

Produce

Create, construct,
invent, build, design,
tinker, elaborate

understanding 4. Students create digital games.
1. Students report back with their new ideas and skills.
Communicate 1. Provide opportunities for students to share 2. Students also listen to input from peers and defend their
Explain, share, discuss | their new understanding and skills ideas. Peer’s input may guide them towards deeper level of
with peers, ask an 2. Provide opportunities for students to understanding.
expert, defend exchange their new understanding 3. Students compare their ideas with the teacher’s
explanations.
1. Students assess their understanding, skills 1. Students reflect upon the extent to which their
Review and competencies understanding, abilities and competencies have changed.
Check, evaluate, 2. Students think creatively for the purpose of | 2. Students improve their ideas or skills based on reflection or
reflect, improve, improvement input from peers.
repair 3. Teachers evaluate student progress toward 3. Teacher conducts a test to determine the level of
achieving the learning outcomes understanding of each student.

IMPLEMENTATION OF MYKIMDG

In the following section, the authors present a brief lesson in MyKimDG to the teaching and learning
of a specific unit which involved precipitation reaction (see Figure 3). The lesson is designed to cre-
ated learning environment that allows students to work together to learn and discover ideas or concepts.
Activities are designed to engage students in self-assessing their ideas, communicating their ideas and
making decisions based on the group’s consensus. To assist students understand why precipitation reac-
tion is used in the preparation of insoluble salt, they are engaged in discovery activity (see the Inquiry
phase). Afterwards, they are given opportunity to plan and conduct investigation based on the conclusion
made (see the Discover phase).

To extend students’ understanding about the observed phenomenon (i.e. precipitation reaction), they
are given tasks to design digital games using ICT to teach their peers who face problems in the learn-
ing of the chemical concept (see the Produce phase). At this phase, students are engaged in designing
PowerPoint games to represent the dissolution and precipitation reactions at the sub-microscopic level.
First, each student develop an ‘expressed model’ to represent his/her own visual perception (or mental

68

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Chemistry Learning Through Designing Digital Games

model) about the reactions. An individual’s mental model is inaccessible to others but the expressed
models can be used for discussion (Gilbert, 2005). Eventually, a final model is developed based on
group’s consensus. Figure 4 shows example of dissolution model created by students. Through this
activity, students gain knowledge about what occur between particles during reactions, hence increase
students’ conceptual understanding. Additionally, students need to carefully plan, utilize time and 21+
century tools and resources toward the goal. At the end of project, they are also asked to improve and
produce higher quality PowerPoint games that incorporates the best aspects of other groups’ designs. The
strategy is able to increase students’ 21 century skills because students are able to immerse themselves
in the real-world practice.

Figure 3. A brief lesson in MyKimDG

Phase 1: Inquiry

1.

badl g

4.
5.
6

Teacher demonstrates two reactions that may be used to prepare lead(Il) sulphate:

Reaction Observation Chemical equation

Lead(Il) nitrate solution + sodium

A sulphate solution

Excess solid lead(1I) carbonate + dilute

B sulphuric acid

Students record the observations and write the chemical equations involved.

Students describe how to obtain lead(Il) sulphate from the mixture in Reaction A and B.

(a) Draw the set-up of the apparatus is involved.

(b) In your opinion, which reaction is more appropriate to prepare insoluble salts such as lead(1I) sulphate?
Explain your answer.

Students make a conclusion about the appropriate reaction to prepare insoluble salts.

Students share their findings with other groups.

Students are asked to explain the strategy used, i.e. inquiry-discovery.

Phase 2: Discover

1.

2.
3.
4

Students plan experiments to prepare lead(Il) iodide and silver chloride in group.
(a) Discuss the materials needed to prepare lead (1I) iodide and silver chloride.
(b) Write the chemical equations involved.

(¢) Plan the procedures for experiment by constructing flowchart.

Students carry out experiment to prepare lead(II) iodide and silver chloride.
Students generate explanation of each phenomenon.

Students are asked to report back with their findings.

Phase 3: Produce

1.
2.
3.

4.
5

Students play a game related to the precipitation reactions involved in the preparation of insoluble salts.

Students are asked to differentiate between a good game and a bad game.

Students are asked to improve the game to make it more educational and entertaining following phases of

IDPCR, inorder to help their peers who face difficulty in leaming the concept.

3.1 Inquiry: Students convey histher idea about the chemical concept and design of game through model
(i.e., diagram, drawing, physical replica, etc.). Students select a promising model from their
brainstorming session.

3.2 Discover: Students create their designs using PowerPoint. Students are encouraged to test frequently
and think critically about their designs, and rebuild as needed.

3.3 Produce: Students produce their PowerPoint games based on improvements suggested through testing.

3.4 Communicate: Students share their designs and PowerPoint games and get input from other groups.

3.5 Review: Students describe the key strengths and weaknesses of their designs and Power Point games.
Students create their own PowerPoint game in groups that incorporates the best aspects of all the
designs.

Students are told that they may commercial their innovative product to benefit financially.

Students are reminded to apply 21* century skills during the project.

Phase 4: Communicate

1.
2.

Students share their digital games with other science or chemistry educators.
Students improve their digital games.

Phase 5: Review

1.
2.
3.

printed on 2/8/2023 9:48 PMvia .

Students plan and carry out experiments to prepare lead(Il) chromate and barium sulphate in group.
Students write the chemical and ionic equation involved.
Students reflect upon the extent to which their understanding, abilities and competencies have changed.
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Students are also engaged in design or product justification (see the Produce and Communication
phases). Students listened to input from peers and teacher, and defended their ideas. Input from peer
and teacher may triggered cognitive conflict and result in reconstruction of existing ideas. Such support
or scaffolding deepen students’ understanding. At the end of lesson, students are assessed to determine
their level of understanding. Students also reflect on how the IDPCR phases have contributed to their
own development.

CONCLUSION

Students can be assisted to improve their conceptual understanding in chemistry and develop their 21%
century skills. In this study, the authors have tried to provide an innovative chemistry instructional
strategy by integrating collaborative learning, discovery learning and learning through designing digital
games. The learning strategy will create supportive learning environment for student to learn chemistry
meaningfully. Most importantly, MyKimDG allows students to practice the 21* century skills in real
situations. In conclusion, the implementation of MyKimDG can lift students’ achievement in chemistry
and their 21* century skills.

Figure 4. Example of dissolution model created by students

10 g garam natrium klorida, NaCl dimasukkan ke dalam
200 g air.

Perhatikan fenomena ini:
- Click Here -

70

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Chemistry Learning Through Designing Digital Games

FUTURE RESEARCH DIRECTIONS

Quality assessment is essential in measuring the effectiveness of MyKimDG. Assessments enable teach-
ers to evaluate learning while it is occurring. However, assessing of 21* century skills learning can be
quite challenging. For instance, when faced with a collaborative task, teacher need to decide how to
assign credit to each member of the group, as well as how to account for differences across groups that
may bias a given student’s performance (Binkley et al., 2012). Hence, further study need to be carried
out to develop ways or specific rubrics to assess the 21* century skills. Assessment rubrics offer clear
guidelines or expectations to students on how the expectations are being met as well as the acceptable
level of achievement. The assessment results inform teachers and students about their progress. It can
also be leveraged to inform the revision of the MyKimDG module being developed.
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KEY TERMS AND DEFINITIONS

21 Century Skills: A set of skills that students need to develop in order to succeed in the 21 century.

Constructivism: A learning theory that suggests that individual learner actively constructs new
knowledge pursuant to his/her existing knowledge.

Constructionism: A learning theory that suggests that construction of new knowledge happen best
through designing external and sharable artefacts.

Digital Game: Any game played using electronic device, either online or stand-alone.

Digital Game-Based Learning: An instructional approach that integrates digital games in learning.

Learning Through Designing: An instructional approach thatintegrates design activities in learning.

MyKimDG: A module that incorporates collaborative learning, discovery learning and learning
through designing digital game in chemistry learning.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3248-3259, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 7
Clinical Use of Video Games

Ben Tran
Alliant International University, USA

ABSTRACT

Despite the extreme popularity of video games among adolescents, researchers in the fields of develop-
mental and social psychology examining video games have focused mainly on the association between
video game use and negative outcomes, while research on positive outcomes is more limited. Video
game, and the usage of video games, in (adolescent) therapy and (adolescent) psychotherapy is anything
but ubiquitous. The research and clinical potential for combining video games and the communicative
possibilities of the internet are immense. Hence, the purpose of this chapter is on video game and their
usages in (adolescent) therapy and psychotherapy. This chapter will cover the history of video games,
video games in psychotherapy, and the different types of video games and their usages in psychotherapy.

INTRODUCTION

Video game play is the fastest growing form of entertainment in the world and many adolescents play
video games for hours every day. For example, a nationally representative study of video game play among
adolescents in the United States showed that 97% of adolescents aged 12 to 17 years play computer, web,
and portable or console video games (Lenhart, Kahne, Middaugh, Macgill, Evans, & Vitak, 2008). In
terms of frequency, 31% of adolescents play video games every day and another 21% play video games 3
to 5 days a week. Similarly, Gentile (2009) conducted a large survey study in the United States and found
that 88% of youth aged 8 to 18 years play video games and the average amount of time spent playing
video games per week is 13.2 hours. Furthermore, in the United States, 91% of children between the ages
of 2 and 17 play video games (Granic, Lobel, & Engels, 2014), and a nationally representative study of
U.S. teenagers found that up to 99% of boys and 94% of girls play video games (Lenhart et al., 2008).
A video game, according to Wikipedia (2016), is an electronic game that involves human interaction
with a user interface to generate visual feedback on a video device such as a television screen or computer
monitor. The word video in video game traditionally referred to a raster display device, but in the 2000s,
it implies any type of display device that can produce two- or three-dimensional images. The electronic
systems used to play video games are known as platforms and these platforms range from large main-
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frame computers to small handheld computing devices (Wikipedia, 2016). Hence, in the United States
alone, video games brought in over $25 billion in 2010, more than doubling Hollywood’s 2012 box office
sales of $10.8 billion in the United States and Canada (Motion Picture Association of American, 2012).
Despite the extreme popularity of video games among adolescents, however, researchers in the fields
of developmental and social psychology examining video game have focused mainly on the association
between video game use and negative outcomes, while research on positive outcomes is more limited.
Video games, and the usage of video games, in adolescent therapy and psychotherapy is anything but
ubiquitous. Hence, the purpose of this chapter is on video games and their usages in adolescent therapy
and psychotherapy. This chapter will cover a brief and condensed history in the usage of video games
in relations to clinical usage (and not on the historical development of video games and the video game
industry per se), video games in psychotherapy, and the different types of video games and their usages
in psychotherapy.

BACKGROUND

According to Ceranoglu (2010), the first video game materialized on an oscilloscope screen in 1958
(Kent, 2001) featuring a game of simulated tennis that amused visitors to Brookhaven National Labora-
tory. Thereafter, video games have become a major part of pop culture and the entertainment medium
of choice for millions of people (Gettler, 2008; Poole, 2000). However, for many, video games were
first created in the 1970s and since then have grown into a multibillion-dollar industry: the annual U.S.
retail sales of video games reached more than $9.9 billion in 2004 alone (Greitemeyer & Osswald, 2010;
Sestir & Bartholow, 2010). According to Greitemeyer and Osswald (2010), large-scale surveys show
that 70% of homes with children ages 2 to 17 years have computers and 68% have video game equip-
ment (Woodard & Gridina, 2000). Eighty-seven percent of children play video games regularly (Walsh,
Gentile, Gieske, Walsh, & Chasco, 2003). Children ages 2 to 7 years spent an average of 3 to 5 hours
a week playing video games (Gentile & Walsh, 2002), while 8" and 9"-grade students average 9 hours
per week (Gentile, Lynch, Linder, & Walsh, 2004).

Video Games in Psychotherapy

A review of the available literature on video game use in psychotherapy takes a dynamic perspective
in regards to psychotherapy, although it should be noted that the issues addressed here can be applied
to many forms of psychotherapy. A literature search was conducted, according to Ceranoglu (2010), on
Medline and PsycInfo with keywords video games, psychotherapy, computer games, and child and ado-
lescent, and relevant manuscripts were also identified through citations in the articles identified during
the primary search. In so doing, video game, is defined as a game that employs electronics to create an
interactive system that includes a user interface to generate a visual feedback on a video device (Wolf,
2002), and found their way into the clinical care of youth in mental health care as well as other fields,
and academic interest in clinical use of video games is increasing steadily.

Review of a database of academic manuscripts reveals that 1,121 of 1,474 total reports on video games
(76%) were published in the past decade. Reported clinical uses of video games include psychoeducation
in chronic disease management to increase treatment adherence (Yoon & Godwin, 2007) and physical
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therapy and rehabilitation following traumatic brain injury (Jannink, van der Wilden, Navis, Visser,
Gussinklo, & Ijzerman, 2008). Video games also serve as valuable adjuncts in pain management during
medical procedures (Das, Grimmer, Sparnon, McRae, & Thomas, 2005; Gold, Kim, Kant, Joseph, &
Rizzo, 2006), induction of anesthesia (Patel, Schieble, Davidson, Tran, Schoenberg, Delphin, & Ben-
nett, 2006), or cancer chemotherapy (Kato, Cole, Bradlyn, & Pollock, 2008; Redd, Jacobsen, Die-Trill,
Dermatis, McEvoy, & Holland, 1987).

Video Games and Their Usages in Psychotherapy

The usage of video games that have received some attention of video game researchers is that of thera-
peutic sessions (Annema, Verstraete, Abeele, Desmet, & Geerts, 2013). According to Annema et al.
(2013), video games can help motivate patients, develop skills and serve as a distractor in pain manage-
ment. Video games have been used in physiotherapy, occupational therapy, and psychotherapy (Burdea,
2003; Griffiths, 2003). As such, when considering the use of video games in therapy, a distinction can be
made between games specifically made for therapeutic purposes and games made for the general public
but that are used in therapy as well. An example of the last category, dating back almost two decades,
is the use of the Super Mario Brothers and (The Legend of) Zelda games in addition to the regular psy-
chotherapy program to assess and assist various abilities of children, such as problem solving strategies
and means of dealing with success and failure (Gardner, 1991). Hence, literature survey revealed that
different kinds of software are used in different types of clinical practice and research. These included
serious games, commercial video games, computer programs developed for use in assessing cognitive
abilities, and virtual reality used in psychiatric symptom research and training of health care profession-
als. Literature was also diverse in regard to delivery format of the games, such as computers, specifically
designed hardware, handheld devices, and gaming consoles. With that said, Wilkinson, Ang, and Goh’s
(2008) article, is one of few articles that outline the video game revolution.

First Usage of Video Games

Specific video games are also designed for use in mental health care. The repeatability aspect of video
games, as compared with other media forms, is useful in delivering manual-behavioral interventions such
as those involved in cognitive-behavioral therapy (USAB, Holzinger, & Gesellschaft, 2007). Recently,
the first video game developed to support cognitive-behavioral therapy by offering attractive electronic
homework assignments and rehearsing basic psychoeducational parts of treatment has been reported in
the literature (Brezinka, 2007, 2008). Video games were also found useful in group therapy for youth in
distress, and have been noted to facilitate change in the moral developmental stage of adolescents involved
in such therapy (Sherer, 1994). Another game is still in the testing phase for use in a solution-focused
intervention for adolescents and is available to mental health professionals participating in studies of
its efficacy. Therapists observe the game play to provide a structure to sessions, help build an effective
patient-therapistrelationship, and improve patient engagement in the therapeutic process (Coyle, Doherty,
& Sharry, 2009). Games to enhance social skills training for children with developmental disorders also
exist (Mineo, Ziegler, Gill, & Salkin, 2009). These programs feature virtual environments where the player
controls as avatar, an actor within this environment, using a keyboard, mouse, or a gamepad. Through
interactions with the virtual environment, the player may rehearse learned and problem-solving skills.
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Some researchers from a psychology/psychotherapy background have developed their own games for
use in therapy (Clark and Schoech, 1984; Oakley, 1994) while others have surveyed the use of comput-
ers in the area (Resnick & Sherer, 1994; Griffiths, 1997). Thereafter, in 1984, a psychotherapeutic text
based game entitled Adventures of Lost Loch was developed for use in therapy by adolescents with low
impulse control (Clark & Schoech, 1984). Hence, clients were more cooperative with their therapists,
with whom they developed effective therapeutic relationships and their session attendance rate greatly
improved (Coyle, Matthews, Sharry, Nisbet, & Doherty, 2005).

Other games have incorporated subject matters particularly relevant to therapy. For example, SMACK
(Oakley, 1994) deals with the decisions and consequences related to drugs. Furthermore, there has been
increasing use of biofeedback-based video games for the treatment of anxiety disorders and attention
problems. At NASA’s Langley Research Center, Alan Pope has developed methods for using off-the-shelf
Nintendo and Playstation games in combination with electroencephalogram (EEG) biofeedback, to train
children with attention deficit disorder (ADD), attention deficit hyperactivity disorder (ADHD), and
hyperactivity disorders. Results concluded that the inclusion of games in normal biofeedback treatments
increased the therapeutic effect on ADD symptoms. Both children and parents rated as significantly
higher enjoyment of coming to video game based sessions. Children found the sessions more inherently
motivating and remained more focused on tasks (Pope & Paisson, 2001).

Second Usage of Video Games

Although the 1980s saw a variety of controlled experiments on the effectiveness of video games in therapy,
mental health research on video games in the 1990s came to be dominated by their adverse effects, and
only in the 2000s does the argument for video game therapy reappear with frequency. In the 1980s Larose,
Gagnon, Ferland, and Pepin (1989) reported significantly improved spatial abilities of adolescents with
minimal brain damage or attention problems by means of a modified Atari game. During the following
decade video games were increasingly studied as medical and psychosocial hazards (Griffiths, 1996)
or addictive (Griffiths & Hunt, 1998). Recent reviews of the positive advances in video game therapy
(Griffiths, 2004; Salonius-Pasternak & Gelfond, 2005) consistently respond to this preconception by
opening on a defensive note. Despite this diversion of attention, video game therapy has been applied
to a wide range of mental health concerns, all of which might now be extended by online treatment.

e  Aggression: Given the trend to view video game violence as a factor in aggression, it is interesting
to note that handful of researchers who have opted to explore an alternative viewpoint whereby
video games might play an active role in curbing aggressive behavior. One team has pursued
the long-term, development of a multimedia program called SMART Talk (Bosworth, Espelage,
DuBay, & Daytner, Karageorge, 2000), which incorporates video games and simulations as part
of a computer-based intervention that significantly diminishes middle-school students’ beliefs that
are supportive of violence and increases their intentions to use non-violent strategies.

e  Anxiety Disorders: Inquiries into 2D video games for anxiety treatment can be found alongside
a variety of graded exposure therapies using virtual reality. Sharry, McDermott, and Condron
(2003) propose Relax to Win, a biofeedback-based 2D game for the treatment of children with
general anxiety problems. With Relax to Win, two on-screen dragons would race each other, and
the more relaxed the players are, the faster the dragon would run, as measured by the players’
galvanic skin response. Video games also prove realistic enough to generate successful graded
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exposure trails against phobias of spiders (Bouchard, Cote, Saint-Jacques, Robillard, & Renaud,
2006), heights or enclosed spaces (Emmelkamp, Krijn, Hulsbosch, De Vries, Schuemie, & Van
Der Mast, 2002; Robillard, Bouchard, Fournier, & Renaud, 2003), and fear of driving after an
accident can be comparably reduced by virtual reality driving games, on their 2D equivalents
(Walshe, Lewis, Kim, O’Sullivan, & Wiederhold, 2003).

Attention Deficit Hyperactivity Disorder: Video game therapy for children with ADHD has
elicited a relatively large amount of scholarly attention, because many children who do not in-
hibit their hyperactivity in other contexts will do so when playing intrinsically motivating video
games. Lawrence, Houghton, Tannock, Douglas, Durkin, and Whiting (2002) highlighted that
6- to 12-year-old boys with ADHD perform beneath a normally developing control group when
playing a cognitively demanding adventure video game, an even more so on a route task outside
the laboratory, but perform equally well on a motor-skill targeting game that does not involve high
working memory or distractor loads. This engagement makes video games ripe for therapeutic
applications. Furthermore, there is some evidence that video games can contribute to reducing
ADHD symptoms. The first therapeutic video game for children with ADHD was by Pope and
Bogart (1996), whose Extended Attention Span Training (EAST) system modifies a NASA pro-
gram that assesses the engagement of pilots using automated flight management systems. Pope
and Palsson (2001) further develop this NASA patent as an ADHD intervention that decreases
players’ control over off-the-shelf PlayStation games when their EEG reports lower attention,
measured as higher theta-to-beta wave ratio.

Autism: Therapeutic computer games are of special interest for autism, since rules-based environ-
ments present a safe- appealing vehicle for interventions to improve socialization. More recently,
it has been demonstrated that 13- to 18-year-olds with autistic spectrum disorder interact with
virtual environments on a par with control groups, suggesting a potential for virtual environments
to serve as a medium for education about social conventions (Parsons, Mitchell, & Leonard, 2004,
2005). Furthermore, several researchers have worked on therapeutic video games for autistic chil-
dren. Tanaka, Klaiman, Koenig, and Schultz (2005) are developing Let’s Face It!, a suite of games
designed to teach ability-appropriate distinctions between faces and objects, and recognition and
labelling of facial expressions (Tanaka et al., 2005). Whalen, Liden, Ingersoll, Dallaire, and Liden
(2006) developed a rigorously tested computer-assisted instructional program called TeachTown,
which uses a suite of game-like tests and professionally designed visual reinforcements to make
a demonstrated positive impact on receptive language, social understanding, self-help, attention
memory, auditory processing and early academic skills for children with autism and other devel-
opmental delays.

Personality and Psychotic Disorders: Scattered efforts have been made to bring video games
to bear on the most challenging personality and psychotic disorders. On one end of the spectrum
are Sieswerda, Arntz, and Wolfis (2005), who employ the simplest of worm and tennis games
not for any therapeutic content, but to tease out responses involving potential differences in di-
chotomous evaluations among subjects with border-line personality disorder, cluster or antisocial
personality disorders, and a control group with no diagnosed personality disorder. On the other
end is Shrimpton and Hurwirth’s (2005) account detailing the development of an elaborate ad-
venture game to educate young people who have experienced their first psychotic episode. An
interdisciplinary panel of experts is convened to study the prototype, and they demand substantial
redevelopmental in order to make the intervention an effective aid in young people’s recovery
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from psychosis. Studies of video games applied to schizophrenia include Crookes and Moran
(2003), who prepared a simple joystick-controlled game in order to assess how quickly subjects
of different ages and genders can find cheese hidden on a 4x4 grid according to certain classical
conditioning rules that healthy adults naturally filter out, but that schizophrenics do not, and Da
Costa and De Catvalho (2004), who established that a group of medicated schizophrenics respond
positively to completing cognitive tasks in virtual reality, suggesting a new medium for therapeu-
tic interventions.

Children and the Elderly: It is evident from the foregoing that children and adolescent have
been the primary targets of therapeutic video games. While adults are comfortable with direct
face-to-face dialogue, many children struggle to express themselves with words alone and use of
therapeutic channels such as video games and other means provide children with an avenue for
indirect communication (Coyle, Doherty, Matthews, & Sharry, 2007; Coyle, Matthews, Sharry,
Nisbet, & Doherty, 2005). Several comprehensive overviews of the literature for this entire age
range have appeared (Goh, Ang, & Tan, 2008; Griffiths, 2003; Salonius-Pasternak & Gelfond,
2005), and beyond these, several reports on subgroups can be found. Kokish (1994) presents the
first recommendations on materials for computer play with preschoolers, and Aymard (2002) dis-
cusses a computer drawing game for projective use, to stimulate catharsis and affective expression
in preschoolers and school-age children. Reaching at-risk youth by means of video games is also a
recurring theme. For example, Resnick (1995) reports on BUSTED, a computerized game to pro-
mote reflection on antisocial behavior in young offenders, and Sherer (1994) reports a controlled
study of the effects of a moral development game on youth in distress. Dominic Interactive is an
example of a DSM-IV-based diagnostic tool for children aged 6-12, in which a series of yes/no
questions aim to give children greater scope for self-expression via a format akin to a video game.
It has undergone validity testing in the U.S. (Valla, Bergeron, Saint-Georges, & Gaudet, 1997)
and other countries (Villa, Kovess, Chan-Chee, Berthiaume, Vantalon, Piquet, Gras-Vincendon,
Martin, & Alles-Jardel, 2002). The elderly, on the other hand, represent another demographic that
has received its share of attention from therapeutic video game developers. Counting for Goblins
is a computerized version of the counting Span task, which older subjects found more interesting
than the offline equivalent, and which features automatic measurement of accuracy and response
times (Barnes, Yaffe, Belfor, Jagust, DeCarli, Reed, & Kramer, 2006; Ryan, 1994).

FUTURE RESEARCH DIRECTIONS

When it comes to video games and their usage in psychotherapy in the future, only technology, and the
imagination of software programmers and innovative therapists/psychologists can tell. Approximately
a decade ago, Berker, Brinkman, and Deardorff (1995) tested a computer intervention for adolescent
children of divorce that involved a trip to the lab to play a therapeutic video games, mail-out a post-test
one week later, and a 10-minute follow-up telephone interview one week after that. Many practitioners
will prefer the immediate warmth of the traditional face-to-face encounter for its associations and its
proven benefits, but as we shall see, certain researchers have begun to explore such alternative virtual
spaces as well. The entire community stands to gain from this growing wealth of therapeutic options.
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CONCLUSION

Nearly three decades after the first wave in change due to the home computer explosion, we can see that
the mental health community’s early concerns about low computer literacy and poor computer com-
munication have turned out not to pose the expected barriers to therapeutic use. While the immense
appeal of video games went on and caused a backlash among scholars who saw harm to their players,
pioneering researchers have not harnessed the intrinsic motivation that they elicit to help treat ADHD,
anxiety, and other psychiatric conditions. A second wave in change arrived with the advent of the inter-
net, causing computers to be seen less as potential replacements for the therapist and more as conduits
for therapeutic interactions (Wilkinson et al., 2008). The research and clinical potential for combining
video games and the communicative possibilities of the internet are immense.

Future research into online video game therapy for mental health concerns might focus on two broad
types of game: simple society games such as cards or chess, online versions of which are freely available,
and elaborate online worlds such as massively multiplayer online role-playing games (MM ORPGs), whose
worldwide membership numbers is the millions. Both genres might be used for assessment and training
purposes, and with an online chat component, both provide a limitless platform for social interaction
that could be incorporated as part of the intervention program. Society games present the advantage of
being accessible and enjoyable to players of all ages, while online worlds offer a unique opportunity
for narrative content and immersive remote interaction with therapists and fellow patients. Congruent
to Coyle et al. (2007), more collaborative efforts among therapists, engineers, and computer software
programmers to make such innovations more widely used.
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KEY TERMS AND DEFINITIONS

Aggression: [s overt, often harmful, social interaction with the intention of inflicting damage or other
unpleasantness upon another individual.

Anxiety Disorders: Are a category of mental disorders characterized by feelings of anxiety and fear,
where anxiety is a worry about future events and fear is a reaction to current events.

Attention Deficit Hyperactivity Disorder (ADHD): Is a developmental neuropsychiatric disorder in
which there are significant problems with executive functions that cause attention deficits, hyperactivity,
or impulsiveness which is not appropriate for a person’s age.

Autism: s a neurodevelopmental disorder characterized by impaired social interaction, verbal and
non-verbal communication, and restricted and repetitive behavior.

Commercial Video Games: Games that, in their original license, were not considered freeware, but
were re-released at a later date with a freeware license, sometimes as publicity for a forthcoming sequel
or compilation release.

Game: A voluntary activity structured by rules, with a defined outcomes or other quantifiable feed-
back that facilitates reliable comparisons of in-player performances.

Personality Disorders: A class of mental disorders characterized by enduring maladaptive patterns
of behavior, cognition, and inner experience, exhibited across many contexts and deviating markedly
from those accepted by the individual’s culture.

Psychosis: Refers to an abnormal condition of the mind, and is a generic psychiatric term for a mental
state often described as involving a “loss of contact with reality”.

Psychotherapy: Is the treatment of a person’s problems by (typically) conversing with another person.

Serious Game (or Applied Game): Is a game designed for a primary purpose other than pure en-
tertainment.

Therapy: Is the attempted remediation of a health problem, usually following a diagnosis.

Video Game: Games that are designed for players to actively engage with their systems and for these
systems to, in turn, react to players’ agentive behaviors.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3260-3272, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

Arduinoisafamousboard, whichincorporates serial communication interfaces,including universal se-
rialbus (USB)and anintegrated developmentenvironment (IDE) based on Processing,a programming
language that supports Cand C++. It consists of a microcontroller with several other components that
provide easyinterconnections with otherdevices. Arduino andits components have been studied dur-
ing the class of Computer Architecture for the degree in Computer Science at the University of Cagliari
in 2016. Atthe end of the class, seven groups of students have been selected and chosen to carry outa
device prototypeontopof Arduinoand showtheirmethodology,thesensorstheyembeddedontop,how
datacould be extracted, collected, stored in database for further processing and analytics. The develop-
menthas been performedfollowing the open source best practices;documentation and codes of these
projects have been made online for free downloading and sharingin order to further contribute to the
advancement and widespread usage of the Arduino platform.
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INTRODUCTION

Arduinoisafamous board, whichincorporates serial communication interfaces,including universal se-
rialbus (USB),and anintegrated developmentenvironment (IDE) based on Processing, a programming
language that supports Cand C++. It consists of a microcontroller with several other components that
provide easy interconnections with other devices.

Anincreasingnumber of developers utilizes Arduinofor projects related to information technology
anditscommunityis growing and expandingin differentdomains,areasand countries creating several
opportunitiesbothinresearchandwithinthe marketsector.ltisnotsurprising thatseveral start-upshave
initiated their business basing their services on Arduino. If the reader browses Kickstarter', the world’s
largest funding platform for creative projects, he would notice that there have been a number of suc-
cessful projectsrevolving aroundthe Arduino platform.Moreover, there arealso many devices thatare
Arduino’scompatiblethatrepresentinformationtechnology products where companiesandindividuals
can exploit for their business.

Alotofinformationistoday exchanged within the domain of home automation. Home automation
iswhat makes houses getting smart giving the users the possibility to monitor it using aninterface on
theircomputer, tabletor smartphone, oreven panels mounted around the house. Moreindetail, home
automationinvolvesthe controland automation of lighting, heating, ventilation, air conditioning, ap-
pliances and security. With a simple push of a button or a voice command itis possible to control items
around the house, setting up a lamp to turn on or off according to certain events, switching on or off
particularappliances depending on specificactions, etc.Itiseven possible to check the operating status
and power consumption of any appliances through the web when they are connected to the Internet.
As there are very few world-wide accepted industry standards and the fact that the smart home space
is heavily fragmented, today, thanks to the availability of tools such as Arduino, it is possible to easily
design, buildand use smartappliancesself made.Sometimes, itiseven possible todisassembleacertain
devicetoseehowitis made orgettingits core and build around a desired sub-device that can provide
functions not presentwithinthe original hardware. One example that we provide in this chapterisrep-
resented by ajoypad usedforvideo gamesthathasbeentakenapartto see howitwasdesignedandan
Arduinoboard hasbeenembeddedto provideamechanismthatcountsallthetimesabuttonis pressed
oracertain position of the controller has been pushed. Infact, the signals and data that the sensorson
top of Arduino collect can be easily stored in a database for further processing and analytics.

Arduino and its components have been studied during the class of Computer Architecture for the
degreein Computer Science at the University of Cagliariin 2016. At the end of the class, seven groups
of students have chosento carry outaninformation system prototype ontop of Arduino and show their
methodology and possible obstacles they encountered.Within their projects, studentshad tointegrate
Arduinowith sensors of different kind, extract datafrom sensorsand perform some operationsonthem,
such asanalytics orstoretheminadatabaseforfurther processing.Information science and technology
includes several software technologies but with the widespread of the Internet of Things, itis possible to
collectdata of several kind from the every object equipped with sensors. One of the goals was tolet the
youngresearchersunderstandthevastamountofdatathatis possibletogatherusingsensorsembedded
in the Arduino board.

Thefirsttwo projects presented in this chapterintegrate Arduino with temperature sensors,a LCD
and abutton that gives the option to switchamong the differentinformation the system reads fromits
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sensors (temperature, humidity level, dateand time). Data read from the sensors are stored using NoSQL
approach (we have adopted Spark) and ready for visualization and quick analytics.

Onemore projecthas beenfocused onasecurity appliancetobe usedin houses:aphotocell detects
alight with certainintensity. If the intensity is greater (lower) than a fixed threshold, arelay is activated
to turn on (off) an electric appliance. A shift register has been used to both leave free some pins of the
Arduino board and to modularize the project. Two push buttons with a rotary encoder have also been
adopted to easily change the threshold levels. Read values can be stored in a database.

A fourth project exploits Arduino’s flexibility to create a joystick game controller within a case
similartothe old fashion coin-operated entertainment machinestypicallyinstalled in restaurants, bars
andamusementarcades.Thejoystickis provided with USB connectorand plug-and-play capabilities so
that it can be recognized on the fly by a normal pc. Similarly, another project integrates Arduino with
ananalogicjoystickgame controllerand 8 different led lights. Each different movement of the joystick
turnsononeofthelights.Therationale behind this projectis toreplace led lights with smartappliances
in a house so that them can be controlled with a joystick.

Asixth project uses Arduinofordomotics.Itallows an electricappliance to be turn onoroffthrough
a web interface.

Afinal projectrepresentsasoundintensity detectorthatcan beembeddedinany systemwhereitis
critical to perform any action after a certain sound intensity has been produced.

Forallthe projectsitis straightforward toembed amodule to store the read datafrom the sensorsin
a database for further processing, and analytics (e.g. through data mining techniques).

Moreinfoaboutthe background, design, building process, usage and application of the developed
smart prototypes will be detailed in the next remaining sections of the chapter.

Following the open source best practices, documentation and codes of these projects have been
made online for free downloading and sharing in order to further contribute to the advancementand
widespread usage of the Arduino platform.In some cases, videos have been taken sothat thereader can
have a deeper insight of the underlying project?.

BACKGROUND

Arduino was born in Italy in 2004 when a Colombian student created the development platform Wir-
ing as his Master’s thesis project whose goal was to create a low cost tool for a wide range of users for
digital projects.

The first Arduino was introduced in 2005 with the goal of providing an easy way, innovative and
low-cost for a wide range of users for developing devices that could interact with their environment
(such asrobots, thermostats, motion detectors, etc.).In 2011 over 300 thousand official Arduinos were
produced and in 2013 over 700 thousand official boards were at disposal of users.

The Arduino board is provided with an Atmel 8, 16 or 32 bit AVR microcontroller with other compo-
nentsfortheintegrationin othercircuits. Arduino’s connectors allow the connection between the CPU
board to a variety of add-on modules called shields. One handy feature of Arduino’s microcontroller is
the bootloader it is provided that simplifies the upload of programs on the chip flash memory. Figure
1 shows an Arduino board. As far as the software is concerned, the Arduino Integrated Development
Environment (IDE) supports the programming languages Cand C++. Every Arduino program consists
of two functions that are compiled and linked into an executable cyclic program, setup() and loop().
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The setup function is used for initialization and runs once at the start of the program whereas the
loop function is called continuously until the board is turned off.

Arduinoisemployedinanumberof projects within several disciplinesanditis often used and men-
tioned in research papers.

Onedomainthatis experiencing to a quick widespread of the utilization of the Arduino framework
isthehome controland automation. Authorsin Piyare, R.,(2013) presented anovel architecture for low
costandflexible home controland monitoring system using Arduino. RESTful based web services have
beenusedforthecommunicationbetweentheuserandthehomedevices.Thesystemallowsany Android
based smartphone withWiFi, 3G or4Gto access the system.To note that the proposed system does not
require a dedicated server PCas many other current systems but it is hosted within Arduino itselfand
offers anovel communication protocol. One of the directions that the authors of the mentioned paper
wanted to head was the Internet of Things (loT). It is defined as a global network that links physical
objectsusing networkcommunications,webapplicationsand cloud computing technologies.Withinthe
loT, devices can communicate, access, store and retrieve information from/to the Internet, interact with
usersand create smartand pervasive environment. Arduino can easily read datafromall kinds of sensors
and is well suited for loT for its simplicity and extensibility. Authors in Doukas, C., (2012) provided
detailsandinformation needed todesignand createloT applications using the Arduino platform.They
described cloud computing concepts, open platformsused to store sensordataonthe cloud, howto con-
nectArduinowithan Android phoneand store/retrieve datathrough the Internet,and howtoreprogram
the Arduino microcontroller remotely through the cloud. One more example of adoption of the Arduino
platform for home automation is represented by the work in David, N., A. Chima, A. Ugochukwu, &
E.Obinna, (2015) where the authors presented a flexible home control and environmental monitoring
system. A micro web server is hosted with the Arduino and Bluetooth technology is used for the com-
munication between theremote userand thehomedevices. Asimilarworkrelated to Arduinoforhome

Figure 1. An Arduino board with an RS-232 serial communication interface (upper left) and an Atmel
ATmega8 microcontroller (black, lower right)?
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automationthattakesintoaccountsecurity of the home providing a safeguard from possibleintruders
is represented by Chattoraj, S., (2015) where several sensors (temperature, humidity, smoke) are used
and controlled by Arduino that acts as a master controller.

Another domain where the adoption of Arduino is rapidly increasing is the robotics. Authors in
Warren, J., J. Adams, & H. Molle, (2011) describe Arduino to control a variety of different robots and
provide detailedinstructions on how to build them (e.g. GPA-enabled robot, roboticlawn mower, fight-
ing bot, etc.). They mention and show different motors used in robotics and interfaced with Arduino.

More recently, authors in Araujo, A., D. Portugal, M. S. Couceiro, & R. P. Rocha, (2013) presented a
fullintegration of compacteducational mobile robotic platformsbuiltaround Arduino controller board
in the Robotic Operating System (ROS). Even though most of robotic platforms provide open source
software, there areimportant constraints the limit their diffusionand wide spread along the utilizers: (i)
they require a slow learning curve and (ii) the hardware has limited capabilities. This was the rationale
behindthe developmentofanew robotic platformontop of Arduino.One more example within thero-
botic domain is represented by Broccia, G., M. Livesu, & R. Scateni, (2011). Here the authors proposed
a cost-effective four-wheeled surveillance robot built using Arduinoand asmartphone running Android.
Thehardwareofthesmartphonehasbeenusedfortherobotpurposesthroughthe APloffered by Android
(e.g.GPS, video-camera, etc.). The robot could be remotely controlled with a PC connected to Internet.

Arduino has also been used in Jena, S. P, S. Aman, & R. Das, (2015) for data acquisition of green
house environment. Multiple sensors were used (to measure things such astemperature, humidity, CO2
gas, soil moisture), connected to the Arduino with the goal of achieving an enhancement of growth in
green house.

Arduino hasbeenemployedtodevelop gamedevicesand video gamesaswell.One pretty common
exampleisrepresented by thefamousPongvideogamethathasbeendesigned using the Arduino board.
There are different versions of it Alberti, D., (2013), Arduino. TFT Pong. A different and more ambitious
projectis Arduboy. Arduboy (2015) isa game system powered by Arduino that had enormous success
toraisefundsin Kickstarter. Arduboy is a miniature open-source game 8-bit computer that contains all
oftheinstructions, graphics,and sound to produce the game played on the device. Users can reprogram
the Arduboy and change the games on it.

DEVELOPED PROTOTYPES

In this section we will describe in detail each information system prototype developed by each group
of students for computer architecture, class held at the first year of the degree of computer science at
the University of Cagliari. It is impressive to note that thanks to the simplicity and flexibility of the
Arduino platform, freshmen were able to design and create systems that can easily be installed in an
environmentto collect data of several kinds. They might even get commercialized and/orexploited for
further opportunities.

Measuring Light Intensity, Temperature and Humidity With Arduino

Two systems have been built working with these sensors.Thefirstincludes adisplay showing the values
of light intensity, temperature and humidity. It also uses the following components:
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. Arduino board UNO,

. 16x9 LCD display,

. Humidity and temperature sensor DHT11,
. RTC module for data and time, and

. A potentiometer.

Figure 2 showstheschema ofthe systemforallthe connections. Software has been dividedinto three
parts: (i) initialization of Arduino and inclusion of all the needed libraries; (ii) check of each component
when they are on; (iii) print of information on the LCD display.

The other related project does not use the LCD display but sends the value read out of the sensors
toaWeb serverthat stores themin aNoSQL database and shows the results online in a dedicated web

page. For such a project we have used:

. Arduino Uno,

. Arduino Ethernet Shield,
. DHT11 sensor,

. A resistor of 10 kQ),

. A photo-resistor,

. An Ethernet cable.

As shown in Figure 3, and as already discussed previously, digital and analogical inputs of Arduino
havebeenconnectedwiththesensors.Lightintensity hasbeenshownasa 10bitsnumber(valuebetween
0and 1023). For the temperature and humidity we have adopted a digital DHT11 sensor. An Ethernet
board compatible with Arduino has been used in orderto send read data to a PHP page that processes
GET requests and stores results in a remote database.

Figure 2. Connections of LCD display, DHT11 sensor, potentiometer, RTC module, and Arduino UNO
board using Fritzing
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Figure3.Theschemaofthelightintensity, temperature and humidity sensorslinked to Arduinoand the
Arduino Ethernet board using Fritzing

Smart Management of Electric Appliances Using LCD Display
Components that have been used for the construction of this prototype are the following:

. Arduino Uno;
74HC595 Shift register;
. 16x2 LCD display, wired through the use of:
° One NPN transistor;
° A trimmer;
. Photo resistor;
. Relay;
2x Pushbuttons;

Arduino sends data to be visualized on the LCD display to the shift register through the pins INPUT
(14), CLOCK (11) and REFRESH OUTPUT (12). The shift register performs a translation from serial
to paralleland sends data through four of the eight pins of the LCD display. Moreover, it uses one pin of
the NPN transistor to securely control the backlight of the LCD display. The reader is invited to check
Figure 4 for the schema of the LCD display. Pins directly used by the shift register to send data to the
LCD display are: RS, E, R/W. D4-D7, and K for controlling the backlight. The shift register is not es-
sential butithasbeenemployed toreduce the number of pins directly used onthe Arduino.Withoutit,
the Arduinowould have been connected directly to the LCD using eight pins (as mentioned above). After
describing the procedure how the data are sentand shown on the LCD display, let us move on with the
other components. Figure 5 shows the schema of the used shift register.
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Figure 4. The 16x2 LCD display and its pins employed for the prototype
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The photoresistoris a light-controlled variable resistor. The resistance of a photoresistor decreases
withincreasingincidentlightintensity;in otherwords,itexhibits photoconductivity.ltisconnected tothe
analogic pinof Arduinowith a push downresistor. Arduino reads through the pin connected to the photo
resistoravalue ranging from 0to 1023, which indicates the intensity of the light in the environment. A
value closer to 0 means absence of light whereas a value closer to 1023 indicates the highestintensity.
Avalue between 600and 800indicatesacceptableindoorlight.Justtogetanideaonreal settings, solar
lighthas a value closerto 950. A default value of 650 is used as threshold of the system.When the light
hasanintensity value greaterorequalthanthethresholdthe systemisactivated, otherwiseitis turned off.

Figure 5. 595 Shift register and its schema
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Thetwo push buttonsare connectedina pulldown configurationto twointerrupt pins of the Arduino
board.They starttwointerruptroutines whose purposeistoincrease ordecrease thethreshold valuefor
the intensity of light that enables the system.

Finally, a 5V relay is connected to a digital pin of Arduino and it is enabled when the intensity of
lightis below the threshold. The relay is connected to a lamp or any other electric appliance having a
power in compliance with that supported by the relay.

As far as the software is concerned, the LiquidCrystal595 Arduino Library has been employed for
driving the LCD instead of the classic LiquidCrystal because of the presence of the Shift Register, this
library also permits to manage the backlight of the LCD without any additional configuration.

Figure 6 shows the assembled prototype.

Itisimportanttonotethatthe schema presentedinthis subsection does notchangeatallif wereplace
the photoresistorwith any other sensor (e.g. temperature, humidity, etc.) in order to control the electric
appliance connected to the relay according to the temperature or humidity of the environment.

An Arcade Game Controller

Thesecond prototype we describe consistsinan arcade game controller developed to play videogames
in any PC. Components that we have employed for the design process were the following:

. Arduino Leonardo Microcontroller;

. Components from the Arduino Starter Kit;
. BreadBoard;

Figure 6. The assembled prototype for smart management of electric appliances
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. 4 semi-transparent arcade game buttons with mechanical switch (bought on eBay);
. 4 leds (2 red from the Arduino Starter Kit and 2 white bought separately);
. A home-made wooden case we built.

The core of the game controller lies on Arduino itself. The raw input signals are acquired from the
buttonsand senttothe Arduinoboard, thentranslated into keyboard signalsand sentto the pcthrough
the USB cable.

Each ofthe4buttonshas2 connectorsforthe switchand 2 connectorstolightup theledinside each
button.Wheneverabuttonis pressed, itsled is turned on. Each buttonis connected to the breadboard
toallow a more precise circuit mapping. No additional resistors are necessary, only the built-in pull-up
resistors inside the breadboard.

The Arduino board has been programmed to emulate a common plug & play USB keyboard. We
have leveraged the keyboard.hlibrary,in orderto be compatible with every computerand OS (we have
testeditonaWindows, Linuxand Mac machine).We made sure the ghosting effect*does not occur,and
therefore all the 4 buttons can be pressed and recognized at the same time without any issues.

Thecodeinitializes (inthe setup function) the status of the 4 pinsrelated to the four buttons, setting
them as inputs and 4 pins as output to light up the led lights. The loop function is executed every few
milliseconds to accurately acquire any push of each button. This function checks at every loop if a but-
tonis pressed;ifthishappens, the mainboard sendstothe PCthe corresponding keyboard signal.Inthe
meantime the main board also setsto“high”the status of the pin associated with the button, lighting up
theledinsidethe correspondingbutton.Aslongasthebuttonis pressedthe board continuestosendthe
same signal, and keeps the led on. Figure 7 shows the case and the assembled components.

Figure7.Thecase (bottomright)and theassembled components of thearcadegame controller prototype
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A Sound Intensity Detector

In this third prototype, Arduino has been connected with an acoustic sensor to detect sounds whose
intensity is higher than a chosen threshold.Ifitisthen aledis turned on.There are several applications
of such a schema to be used in homes: e.g. baby crying detector, dog bark detector, etc. The adopted
acoustic sensor has a microphone, seven resistors (one of them is variable), a LM939 module and two
led lights.Itis possible tosetthe soundintensity level to detect by tightening a screw of the embedded
potentiometer.When the microphone detectsasoundintensity value higherthan the threshold level, a
HIGH signal will be produced on the DO pin. Otherwise, a LOW signal will be propagated. Figure 8
shows the schema of the prototype (Arduino’s connections with the acoustic sensor, the LED, and the
resistor). More in detail, the acoustic sensor is connected to Arduino through three pins: DO, digital
exit, to the pin 8. Vcc and GND connected, respectively, to the 5V and GND pins. Once the system is
connected to either USB or to a power supply it is active and ready to listen. If a sound with intensity
greater than the thresholdis detected, the LED is turned on for a second. For the next five seconds, the
system is in pause and, right after, it comes back to active and ready to listen.

Figure 8. The schema of the sound intensity detector using Fritzing®
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Management of Electric Appliances Through Web Services

This project aims at turning on and off electric appliances through a simple web interface. The extra
modules we have used are: Arduino Ethernet Shield and the Relay module. The former allows linking
an Arduino board with a PCoran Internetrouter therefore creating aweb serverin ordertomanageall
the digital ports of Arduino. The latter includes two relays connected to a digital port of Arduino that
willcommandto turnonoroffthe electrical appliances connected to one endpoints of therelay. Other
tools we have used are:

. 512MB MicroSD,
. Ethernet cable,
. 2 x relay,

. lamp,

. paper box.

A web page has been developed within the microSD of the Ethernet Shield board and other code

forthe Arduino main functions lets the web server wait the requests on the IP address indicated in the
configuration. Figure 9 shows the components used for such a project.

Figure 9. Components used for the project
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Analog Stick With Arduino
Components we have used for such a prototype are:

. Arduino UNO board,

. Breadboard,

. Analog stick,

. Eight 220 Q resistors,

. Eight led lights (4 red and 4 blue), and
. A power bank as power supply.

Therationale of the software developed on top of Arduinois to detect the x-y position of the analog
stickand turning on the correspondent led light. Instead of the led lights, electric appliances might be
connected and turned on or off using the stick. Figure 10 shows the connections of all the components
usedforthis prototype wherethe reader may observe the top leftred led light on when the user moves
the stick toward the corresponding direction.

FUTURE RESEARCH DIRECTIONS

There are plenty of ideas to be implemented that stimulate us. For example, there are several smart
components that can be designed, programmed and used in homes and connected with Internetand
managedthroughsmartphoneapplicationswhose datacanbegatheredforplenty ofanalysis. Definitely,
the most stimulating of them is within the robotics domain. In fact, as future directions where we are

Figure 10. Breadboard and all the components for the analog stick built with Arduino
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headed we would like to develop on top of Arduino a robotic platform provided with several sensors
(temperature, camera, humidity, acoustic), wheels to move on a flat surface, arms to pick up objects,
move and perform general. One advanced version will have a humanoid shape and will be provided of
legs instead of the wheels. We want to also provide the robot with a basic artificial intelligence so that
itcan performbasicactions dependingonthe context. Lastbut notleast, wewanttocomeupwithaset
of APl to access to all the sensors and functionalities of the robot so that everyone can build the same
robot (we will publish the manual and data sheets of each component we will be using) and program
softwarethatcaninterface with all the robot capabilities.We would like to keep the project open source
and follow its best practices.

CONCLUSION

Arduinois a platform that easily allows the development andintegration of hardware in any domain. It
can be usedto easily collect dataand information from any sensor and store themin cluster for further
(bigdata) processing.Inthis chapterwe have described a set of applications and prototypes developed
ontopof Arduinofor different domains where data can be extracted and analyzed forfurther processing.
Theeaseofdesignand developmentofsomany sensorsand opportunity toextractdata paves the wayfor
start-up/spin-offopportunity creationthatsellasbusiness core products developed with Arduinooreven
consultingandtrainingforthe use of Arduinoandits tools.We aim at creating such a start-up with skills
in creatingand positioning sensors, extractand store datain databases and performanalyticsonthem.
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KEY TERMS AND DEFINITIONS

Arduboy: A credit card sized game system developed using Arduino whose costis $39.The original
project was funded through Kickstarter.

Arduino Board: Open source board provided with Atmel 8, 16 or 32 bit AVR microcontroller with
other components used to program for development and embedding in other systems.

Breadboard: It is a solderless device for prototyping of electronics and test circuit designs. Most
electroniccomponentsinelectroniccircuits can beinterconnected by inserting theirleads or terminals
intothe holesandthen making connectionsthrough wires whereappropriate.The breadboard hasstrips
of metal underneath the board and connect the holes on the top of the board.

Fritzing: Open source hardware initiative that makes electronics accessible as creative material for
everyone.

Ghosting: Effect appearing in some models of keyboards when some key combinations pressed
together cause some keypresses to disappear, although they are physically pressed.

InternetofThings: Adevelopment of the Internet where common objects have network connection
and send and receive data.

Kickstarter:The world’s largest crowdfunding platform for creative projects developed by an Ameri-
can corporation based in Brooklyn, New York.

NoSQL Approaches: Provide amechanismfor storage andretrieval of datawithout using a predefined
schema as that present in relational databases. NoSQL indicates non relational.

Restful Web Services: Software architectural style of the World Wide Web that specifies constraints
thatifapplied toaweb serviceinducedesirable properties. Dataand functionality are resources accessed
using Uniform Resource Identifiers.

ENDNOTES

! https://www.kickstarter.com/

2 Prototypes, their descriptions and video showing how they work can be found online.
3 Taken from Wikipedia, http://www.wikipedia.com

4 https://www.microsoft.com/appliedsciences/antighostingexplained.mspx

s http://fritzing.org/home/

Thisresearch was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3273-3286, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 9

Educational Serious
Games Design

Ilias Karasavvidis
University of Thessaly, Greece

ABSTRACT

Serious games are defined as games in which learning has priority over entertainment. While the enter-
tainment industry is characterized by an established game design paradigm, the foregrounding of learn-
ing in serious games creates new demands. The design of effective serious games requires the pooling
of expertise from both game design professionals and learning sciences professionals. One of the main
problems the field of serious game design faces concerns the disconnect between game design and learn-
ing design. Several serious game design models have been proposed to bridge this gap. As these models
have not been systematically reviewed, their contribution is not known. The chapter presents the state of
the art for the field of serious game design and outlines five principal challenges. Next, 11 serious game
design models are briefly introduced and reviewed. It is concluded that the degree to which the models
meet the five challenges varies and that the field of serious game design is in a pre-paradigm state.

INTRODUCTION

Initially, digital games targeted mainly entertainment. The idea of combining fun and learning led to
edutainment, the pairing of entertainment with education. The latest trend, serious games, marginalize
entertainment and brings education into the spotlight. Serious games are games not exclusively designed
for fun, serving non-entertainment goals in many diverse fields such as military, government, corporate,
health-care, and education (Michael & Chen, 2006).

Digital games have become a defining phenomenon of contemporary culture. Over the last two de-
cades, the educational interest in digital games has skyrocketed. This interest has taken two main forms.
First, game-based learning that is entertainment-driven. This trend involves the use of commercial games
for learning. Second, education-driven game-based learning that is currently manifested in trends such
as gamification and serious games. The former refers to the application of game design elements to
educational settings (Deterding, Khaled, Nacke, & Dixon, 2011; Kapp, 2012). The latter refers to the ad
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hoc development of games that bring education in the spotlight without excluding entertainment. Seri-
ous games are games not exclusively designed for fun, serving non-entertainment goals in many diverse
fields such as military, government, corporate, health-care, and education (Michael & Chen, 2006).

Game design is an inherently interdisciplinary endeavor, involving experts from various disciplines
such as graphic, audio, product, and interaction design, programming, animation, writing, and content
area expertise (Salen, 2007). The game industry has developed highly sophisticated narrative, artistic,
and technical methodologies for creating engaging and immersive games (e.g. Salen & Zimmerman,
2004; Schell, 2014; Adams, 2010). Currently, the field of digital game design is mature, being in a
paradigm state (Kuhn, 1996).

As the emphasis has gradually shifted to serious games, however, new requirements emerged. Com-
pared to traditional digital game design, the main complication that emerges in the case of Serious Game
Design (SGD) is that learning has priority over entertainment. Consequently, in addition to all other types
of expertise required for digital game design, SGD necessitates professionals whose expertise is related
to learning. Such professionals include educators, content experts, and learning sciences professionals
in general. To design effective serious games, game design professionals would need to collaborate with
learning sciences professionals (Charsky, 2010; Lim et al., 2014; El Mawas, 2014). Such a collaboration,
however, might not be directly possible because a common vocabulary is missing (Arnab et al., 2014).
As it has been stressed, the main limitation characterizing the field of serious game design pertains to the
disconnect between established game development models and the design of learning (Arnab et al, 2014;
Bellotti, Berta, De Gloria, D’ursi & Fiore, 2012; Van Staalduinen & de Freitas, 2011). To address this
limitation, Moreno-Ger et al., (2014) argued that serious game development methodologies are needed
that will eventually help systematize the creation of games. To bridge the game design - educational
design gap, a number of serious game design models have been advanced over the past few years. To
date, there has been no systematic review of such SGD models. Consequently, the extent to which these
models address the major challenges the field of SGD faces is unknown. The present work has two
main objectives. First, it presents the state of the art in SGD by briefly introducing 13 models. Second,
it acknowledges contribution these models make and identifies 5 principal challenges that remain open
for the field of SGD. The chapter is concluded with an examination of the extent to which every model
meets the design challenges and an outline of the road map ahead.

BACKGROUND: SERIOUS GAME DESIGN MODELS - STATE OF THE ART

In this section 13 SGD models that have been advanced in recent years are briefly introduced. An over-
view of the models is given in table 1.

While all models aim at SGD, they have different origins and constitute different solutions to the
problem of design. For convenience, the SGD models are presented in chronological order.

Kiili, (2005) proposed the Experiential Gaming Model (EGM) for designing SGs. The EGM is based
on on Kolb’s experiential learning cycle and the corresponding four stages of experiential learning. The
starting point for the development of this model was the observation that the creation of educational
games often fails because the emphasis on educational dimensions of games has displaced fun, resulting
in unengaging games. The main idea underlying the EGM is that the link of gameplay with experiential
learning will facilitate the state of flow and, eventually, lead to learning.
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Table 1. An overview of SGD models

Educational Serious Games Design

Model

Sources

Features

Experiential Gaming
Model (EGM)

Kiili (2005)

experiential learning influence; links gameplay with experiential learning

4 Dimensional Framework
(4DF)

De Freitas & Oliver (2006);
De Freitas & Jarvis (2009)

provides 4 dimensions for game design: learner, pedagogy,
representation, and context

Game Object Model Amory & Seagram (2003); object-oriented programming influence; game components are described
(GOM), GOM 11 Amory (2007) in terms of abstract (pedagogical) and concrete (design) interfaces

Doc.u ment-Oriented extension of a generic ADDIE model comprising of the following stages:
Design and Development I . . . . .

P . McMahon (2009) situation analysis, design proposal, design documentation, production
for Experiential Learning documentation, prototype, development, and implementation
(DODDEL) > P! ype, Y s p
Is Annetta (2010) encapsulated model comprised of 6 elements: identity, immersion,

interactivity, increasing complexity, informed teaching, and instructional

Game-Based Learning
framework (GBLF)

Van Staalduinen & de
Freitas (2011)

4DF extension with 25 game elements that improve memory and
learning

Design Patterns
Framework (DPF)

Kelle, Klemke & Specht
(2011)

4 step procedure for mapping game design patterns on teaching and
learning functions

Game Discourse Analysis
(GDA)

Wouters, Oostendorp,
Boonekamp & Spek (2011)

uses (a) information flow (resources needed in the game) and (b) game
discourse (presentation of resources in the game) to inform game design

Six Facets Framework
(SFF)

Marne, Wisdom, Huynh-
Kim-Bang & Labat (2012)

6 design elements: pedagogical objectives, domain simulation,
interactions with the simulation, problems and progression, decorum,
conditions of use

Architecture for
Representations, Games,
Interactions, and Learning
among Experts (ARGILE)

El Mawas (2014)

design methodology that employs Web 2.0 practices for SGs

Learning Mechanics —
Game Mechanics (LM-GM)

Arnab et al., (2014); Lim et
al., (2013); Lim et al., (2014)

associates ludic elements (game mechanics) with pedagogy (learning
mechanics)

Cognitive Behavioral Game
Design Model (CBGD)

Starks (2014)

Social Cogitive theory and Flow theory influences; combines (a) social
cognitive elements and (b) multiple intelligences elements to promote
flow

Activity Theory-based
Model of Serious Games
(ATMSG)

(Carvalho et al., 2015)

Activity Theory influence; extension of the GM-LM model that
distinguishes 3 types of activity: (a) learning, (b) gaming, and (c)
instructional; each activity type is further represented in terms of actions

De Freitas & Oliver (2006) (also de Freitas & Jarvis, 2009) advanced the 4 Dimentional Framework
(4DF) for the design of SGs. The framework comprises 4 main dimensions which can be employed to
guide game design: learner, pedagogy, representation, and context. While this framework was initially
conceptualized for classifying educational games, the authors have eventually adapted it for game design.

The Game Object Model (GOM) for SG design was proposed by Amory & Seagram (2003). The GOM
attempts to describe the relationship between game elements and pedagogical dimensions of learning.
The model draws on object-oriented programming (OOP) concepts such as classes, encapsulation, and
inheritance. GOM II (Amory, 2007) is the updated version, aimed to enrich the initial GOM. The GOM
considers educational games as consisting of components (objects) each of which is described in terms
of abstract and concrete interfaces. Abstract interfaces refer to pedagogical and theoretical constructs
(conceptualization phase) while concrete interfaces refer to design elements (design phase).
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McMahon (2009) introduced the Document-Oriented Design and Development for Experiential Learn-
ing (DODDEL) model. DODDEL was developed for the purposes of an undergraduate course on game
design and is an extension of the generic ADDIE model (i.e. Analyse, Design, Develop, Implement, and
Evaluate — ADDIE). The DODDEL comprises several discrete design and development stages: situation
analysis, design proposal, design documentation, production documentation, prototype, development,
and implementation.

Annetta (2010) proposed Is, a framework for serious educational game design that comprises six
elements: identity, immersion, interactivity, increasing complexity, informed teaching, and instructional
(all start with an I). In this framework the elements are nested, so the top element (instructional) encap-
sulates all others down the stack.

The Design Patterns framework (DPF) has been advanced by Kelle, Klemke & Specht (2011). This
work constitutes more of a framework rather than a concrete development model. The DPF emerged in
response to the need of mapping game design patterns onto educational methods. The authors draw on
the idea of Design Patterns as the building blocks of a game and propose a 4 step procedure for mapping
design patterns on teaching and learning functions.

The Game-Based Learning framework (GBLF) (Van Staalduinen & de Freitas, 2011) was conceptu-
alized as an extension of the aforementioned 4DF. The authors reviewed the literature and identified 25
game elements that improve memory and learning. They have then integrated these game elements into
the four dimensions of the 4DF. The resulting framework explicitly incorporates learning, instruction,
and assessment as core elements.

Wouters, Oostendorp, Boonekamp & Spek (2011) introduced the Game Discourse Analysis model
(GDA). The authors introduce the concepts of information flow and game discourse. The former de-
scribes the information resources needed in a game while the latter pertains to how the resources can be
presented in the game. The GDA model is proposed as a method for supporting designers in the game
making process with respect to information flow and game discourse. The model comprises 3 main
components that center on the information flow: (a) building blocks, which describe the information
resources required to materialize a task in the game, (b) standardized description of the information
flow, and (c) manipulation, which denotes the creation of a game discourse through the information
flow. This model utilizes constructs from cognitive psychology, such as cognitive task analysis (CTA),
to explicitly inform game design.

Marne et al., (2012) developed the Six Facet Framework (SFF), a conceptual framework that allows
all game design stakeholders (game experts and pedagogical experts) to speak a common language and
work together in designing games. The main drive behind this framework is the communication problem
between the two types of experts that are involved in SG design. The framework includes the following
elements (facets) of design: (a) pedagogical objectives, (b) domain simulation, (c) interactions with the
simulation, (d) problems and progression, (e¢) decorum, and (f) conditions of use. The authors devel-
oped a design pattern library consisting of 42 design patterns within the SFF. This model represents a
systematic attempt to bridge formal game design and pedagogy design. While it is principally conceived
as a means to foster interdisciplinary collaboration, the SFF is also helpful as a general purpose design
guide due to the comprehensive library of design patterns.

The ARGILE model (Architecture for Representations, Games, Interactions, and Learning among Ex-
perts) (E1 Mawas, 2014) is mainly a methodology for the design of participatory and knowledge-intensive
SGs. ARGILE constitutes a participatory architecture for the co-design of games by designers, experts,
and players. This model attempts to extend Web 2.0 practices to game design practices through co-design.
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The Learning Mechanics-Game Mechanics Model (LM-GM) for SG design has been described in a
number of recent publications by a large international team (Arnab et al., 2014; Lim et al., 2013). The
model was explicitly conceptualized so as to bridge the most challenging gap in the field: the SG design
and educational design gap. The LM-GM model provides a means to relate pedagogy to ludic elements.
The core elements of the LM-GM model are Serious Game Mechanics (SGMs) and the Mechanics of
Learning (LM). The LM-GM model maps game mechanics onto learning mechanics in considerable
detail. Interestingly, Lim et al., (2014) have extended the LM-GM model by integrating narrative ele-
ments through Narrative Serious Game Mechanics (NSGM).

Starks (2014) introduced the Cognitive Behavioral Game Design Model (CBGD). The main argu-
ment behind CBGD is that game design should make more systematic use of established psychological
theory. Consequently, CBGD draws on (a) Bandura’s Social Cognitive Theory (SCT), (b) Gardner’s
Theory of Multiple Intelligences (MI) and (c) the enjoyment process. The CBGD model involves the
use of social cognitive elements (i.e. knowledge, goals, outcomes, encouragement, and barriers) through
the mechanisms of multiple intelligences elements (e.g. graphics, narrative, space, sound etc), so as to
promote enjoyment in terms of engagement, challenge, flow, persistence, and mastery.

Lastly, The Activity Theory-based Model of Serious Games (ATMSG) (Carvalho et al., 2015) is an
extension of the GM-LM model. It targets the problem of how concrete game components need to be
structured to foster learning. Based on Activity Theory, the model adopts the concept of activity and its
hierarchical structure and organization. Consequently, the model proposes 3 main types of activity: (a)
gaming activity, (b) learning activity, and (c) instructional activity. Each activity type consists of separate
actions. As Carvalho et al., (2015) argue, actions can be represented as triangles, each depicting how a
subject achieves a goal using a tool. Game components are defined as actions forming subject-tool-goal
triangles. Drawing upon this definition, the authors introduce a serious games taxonomy made up of
three types of components: gaming, learning, and instructional ones.

FURTHER RESEARCH DIRECTIONS: PRINCIPAL
CHALLENGES FOR SERIOUS GAME DESIGN

Overall, these models are clear evidence of the solid progress made over the last decade in terms of
conceptualizing SGD. While each model has it own unique merits, all the SGD models make important
contributions to the field. As a whole, the models represent a rich and diverse set of solutions to the
problem of SGD, helping piece the whole puzzle together. Despite progress, however, important issues
remain unresolved. The core problem is how to bring two different professional communities together.
More specifically, to design effective serious games, the expertise of educators, content experts, and
learning experts will need to be utilized on the top of all other experts who are typically involved in
game design. To advance as a field, SGD will need to facilitate the collaboration among experts from
different disciplines. In practical terms, this involves bridging the gap between game design and learning
design. Considering the state of the art in SGD as reflected in the models, we argue that the road map for
advancing the field requires the community to address the five principal challenges outlined in Table 2.

The first challenge is how to integrate content into games. Learning is about academic content, so
the design of serious games requires ways to integrate content into the games. Academic content cannot
be embedded into games in the ways it is done in textbooks, i.e. in expository form. Content needs to be
adapted, and embedded in the game in specific ways. Preserving fun while promoting learning seam-
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Table 2. Principal design challenges for the SGD field

N Design Challenges

1 Integrate content

Address student ideas

Engineer instruction

Engineer learning

[0 B SN IS I N S

Conceptualize learning

lessly, requires intrinsic content integration into the game (Sanchez, 2011; Malone, 1981). The seamless
content integration into games entails that distinguishing the learning from the fun becomes difficult
(Charsky, 2010). Preliminary evidence suggests that intrinsic integration into content might be essential
for learning from games (Habgood & Ainsworth, 2011; Dickey, 2011)

The second major challenge is how to take into consideration students’ ideas and conceptions of
content when adapting and integrating content into serious games. For instance, as the Science education
literature suggests, students have intuitive ideas about most physical phenomena (Driver, Asoko, Leach,
Scott, & Mortimer, 1994; Smith, Disessa, & Roschelle 1994). Such ideas are often not in agreement
with the established scientific viewpoint. As research has indicated, such intuitive conceptions influ-
ence learning and cannot be ignored (Duit, Treagust, 2003; Vosniadou, Ioannides, Dimitrakopoulou,
Papademetriou, 2001).

The third challenge involves determining how to utilize instructional design theory to inform SGD.
Mayer (2011) argues that to design serious games, we need to combine two fields: the science of instruc-
tion and the science of learning. As he puts it, the challenge is to find the proper mix between game
and instructional features. One of the requirements mentioned is a science of instruction. The genuine
challenge, howeyver, is to translate the principles outlined in Mayer (2011; 2014) into actual game design
methods since a direct translation might not be possible.

The fourth challenge is to examine how people learn (e.g. Bransford, Brown & Cocking, 2000) and
utilize this body of knowledge for the purposes of SGD. Engineering learning as opposed to engineering
entertainment is what differentiates games for entertainment from serious games. Therefore, learning
theory and research will need to be translated into ludic approaches so as to be effectively integrated into
games. Inversely, ludic approaches will need to be combined with learning theory and research. While
it has been illustrated that game designers intuitively employ learning principles when creating games
(Gee, 2003), a more systematic approach will have to be followed.

As an extension of the previous one, the final challenge is related to the conceptualization of learning
per se. While some SGD models have turned to instructional design theory for solutions, it should be
noted that instruction is merely a means to an end. The end goal of all instruction is learning: instruc-
tion should simply be instrumental in facilitating it. As opposed to looking at the field of instructional
design for inspiration, learning will need to be approached in a more principled way. We argue that
effective SGD calls for both an empirically and theoretically grounded conceptualization of learning.
Regarding the former, SGD needs to be founded on solid principles of learning. Mayer (2011) stressed
the need for a science of learning for game design, specifically advocating the use of Multimedia Learn-
ing Theory (MLT) principles for informing SGD. We would extend this argument to include empirical
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research from the learning sciences at large. Regarding the latter, what is required is a concrete, coherent,
and comprehensive conceptualization of learning for the purposes of SGD. Such an all-encompassing
conceptualization will need to account for learning in terms of content, context, social interaction, and
mediational artifacts. We argue that such a conceptualization will provide a much-needed framework
for bridging traditional game elements with learning theory.

The extent to which the SGD models meet each of the 5 principal design challenges is presented in
Table 3.

Several interesting conclusions can be drawn from the table. First, none of the models addresses all 5
challenges. However, six models (4DF, GBLF, SFF, LM-GM, CBGD, and ATMSG) appear to be more
comprehensive than others considering that they simultaneously meet several challenges. Second, the
degree to which each SGD model addresses a specific challenge varies considerably: some of the models
might fully address a challenge while others only tangentially. For instance, both the EGM and the ATMSG
models adopt certain notions of learning but the latter approaches learning in a more principled man-
ner. Third, no uniformity should be implied in how the different SGD models approach the same design
problem. The models overcome a specific design challenge in different ways depending on their origin,
goal, and overall approach. Models such as the EGM approach the issue of academic content integration
in different terms compared to the LM-GM model. Fourth, the majority of the models draw rely heavily
on psychology (for learning) and education (for instruction). Finally, the SGD models examined have
placed virtually no importance on student ideas (2nd challenge) and conceptualization of learning (S5th
challenge). None of the models explicitly approaches the issue of previous student knowledge and how
it might facilitate or hinder learning from the game. Similarly, all models fall short in terms of adopting
a concrete, coherent, and comprehensive conceptualization of learning for ludic purposes.

Table 3. How SGD models meet the design challenges

Design Challenge Serious Games Design Models
Met
4 Experiential Gaming Model (EGM)
1,3, 4 4 Dimensional Framework (4DF)
3,4 Game Object Model (GOM), GOM 11
1,4 Document-Oriented Design and Development for Experiential Learning (DODDEL)
3,4 Is
1,3, 4 Game-Based Learning framework (GBLF)
3,4 Design Patterns Framework (DPF)
3,4 Game Discourse Analysis (GDA)
1,3,4 Six Facets Framework (SFF)
34 Architecture for Representations, Games, Interactions, and Learning among Experts
’ (ARGILE)
1,3,4 Learning Mechanics — Game Mechanics (LM-GM)
1,3, 4 Cognitive Behavioral Game Design Model (CBGD)
1,3,4 Activity Theory-based Model of Serious Games (ATMSG)
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CONCLUSION

As noted in the introductory section, the field of game design is in a paradigm state. A decade ago
Gunter, Kenny and Vick, (2006) argued that a new game design paradigm is required for the field of
SGD. Despite the considerable progress made, this conclusion still holds as the field of SGD is currently
in a pre-paradigm state (Kuhn, 1996). It is imperative that the game design and the learning sciences
communities join forces to bridge the game design and learning design gap. To advance the field to a
paradigm state, the two communities will have to rise up to the five principal design challenges.
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KEY TERMS AND DEFINITIONS

Digital Game: A game whose system is (partly or wholly) implemented in a digital device such as
a game console, a personal computer, a smart-phone or tablet.

Game: A system in which participants compete to achieve a clearly identifiable result. The system
is made up of interrelated components whose relations are rule-governed.

Game Design: The art and science involved in making all the necessary decisions for creating a game.

Ludic Elements: Game components that refer to player engagement and represent the entertainment
dimension of a game.

Pedagogical Elements: Game components refer to the curricular, instructional and learning dimen-
sions of a serious game.

Serious Game: A game that is not exclusively designed for fun, serving primarily non-entertainment
goals in various fields such as education, health-care, corporate etc.

Serious Game Design: The art and science of making all the necessary decisions for creating a game
that does not foreground entertainment.

Serious Game Design Models: Conceptualizations that aim to inform the decision-making processes
involved in creating a serious game.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3287-3295, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

In the last years, it is ever more frequent to read popular press stories about the effects of video and/or
computer games on the brain and on the behavior. In some cases, we can read something claiming that
video games “damage the brain,” while in others these activities can “boost brain power,” and such
conflicting proclamation create confusion about the real or potential effects of this activity on human
beings. Thus, it is very interesting to deeply understand the effect that exposure to video games (VGs) can
have on cognitive processes, with particular attention to decision making. Only a few studies have been
carried out on this issue: the main aim of this contribution is to clarify these aspects, critically review-
ing the existing scientific literature. Particular attention has been dedicated to normal and pathological
players, different types of VGs, and moral aspects of decision making vulnerable to VGs. It has been
concluded that research in this area is still in its early days, and this short review aims at discussing
several issues and challenges that should be addressed to forward this research field.

INTRODUCTION

In the last decade, the playing of video games (VGs) has become very popular among people. Video
games represent a pervasive leisure activity beginning in middle childhood and continuing through adult-
hood (Gentile et al., 2004; Kubitzki, 2005). Population based surveys indicate that average gaming time
ranges between 7 and 13 hs per week in both children and adolescents (Gentile and Anderson, 2003),
and this value may underestimate the prevalence of use in some population segments. This high level of
VGs consumption highlights the relevance for a clearer understanding of the potential influences of video
game experience on human behaviour and cognition (Bioulac et al., 2008; Green and Bavelier, 2006).
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Indeed, after several dramatic and murderous shoot-outs happened mainly in schools and colleges,
game research focused mostly on the impact of aggressive shooter games on aggression-related cogni-
tions, affects, and behaviors (Anderson and Bushman, 2001). The studies present in the literature showed
different risks of excessive exposure to VGs: increase in aggression (Anderson et al., 2010), emergence
of attention problem (Swing et al., 2010) and hyperactivity (Gupta et al., 1994), poor academic perfor-
mance (Rideout et al., 2007), possible addiction (King et al., 2011), mood troubles as depression and
anxiety (Mentzoni et al., 2011), reduction of empathy (Bartholomew et al., 2005), impairment of social
behavior (Gentile et al., 2011), reduction of sleep time, quality and efficiency (Weaver et al., 2010; King
et al., 2013).

However, exposure to VGs can not be regarded only as a negative experience. A greatbody of literature
has revealed that action video game players, compared to non video game players, can develop broader
cognitive benefits from extensive playing. These benefits include visual acuity (Green and Bavelier, 2007;
Wu and Spance, 2013; Granic et al., 2014), attention flexibility (Green and Bavelier, 2003; Cain et al.,
2012), stimulus-response mapping (Clark et al.,1987; Castel et al., 2005), encoding speed (Wilms et al.,
2013), and executive functioning (Strobach et al., 2012). Extensive experience playing action VGs can
even affect memory for the stimuli presented in a very short period (e.g., iconic memory and visual work-
ing memory), resulting in better accuracy (Boot et al., 2008; Blacker and Curby, 2013), higher precision
(Sungur and Boduroglu, 2012) and more efficient strategy in retrieving information (Clark et al., 2011).

At the present, only a few studies have investigated the potential effects of video game exposure on
decision making. The aim of the present chapter is to describe this relation, reviewing published studies
and discussing possible implications for future research.

BACKGROUND
1. Exposure to Video Game and Decision Making

The study of the VGs effects on decision-making is a new research field in psychology, with a limited
number of published studies; nevertheless, it can offer important clues for understanding risks and
potentialities.

Past research has demonstrated that VGs experience can influence cognition and emotion (West and
Bailey, 2013). More specifically, the prolonged exposition to VG is associated with decreased use of
proactive cognitive control (Kronenberger et al., 2005; Mathews et al., 2005; Bailey et al., 2010), changes
in feeling and expressing both positive and negative affects (Bartholow et al., 2006; Kirsh and Mounts,
2007; Bailey et al., 2011). Since it is well known that the efficacy of decision making is modulated by
emotion, executive/cognitive control, and by presence of chemical and behavioural addiction (Weber and
Johnson, 2009; Figner and Weber, 2011), one could expect that VGs experience could have a detrimental
effect on the efficacy of this complex process.

Ithas been demonstrated that exposure to racing VGs can influence real-world decision making related
to driving behavior (Fischer et al., 2009; Beullens et al., 2011). There is evidence, however, that certain
types of VGs may have differential effects on cognitive control, a set of abilities that allow the individual
to maintain goal-directed information processing (Basak et al., 2008; Bailey et al., 2010). For example,
in a study focused on individual differences (Bailey et al., 2010) it has been reported that experience
with First Person Shooter (FPS) video games was correlated with a reduction in proactive control (ac-
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tive, sustained maintenance of goal-relevant information) and was not correlated with reactive control
(just-in-time mobilization of control after the conflict is detected; Braver, 2012). Furthermore, Swing
(2012) demonstrated that 10 hs of FPS experience resulted in a reduction in the use of proactive control
in a training study. These findings may indicate that FPS gamers may be more likely to make their deci-
sions immediately rather than after thoughtful deliberation, a tendency that could indicate a preference
for immediate rewards rather than long-term assessment of the risks and benefits (Bailey et al., 2013).

In contrast to FPS games, strategy VGs may promote an increase in careful planning and executive
control of behavior. Basak and coworkers (2008) demonstrated that more than 23 hs of training with
strategy VGs improved task-switching and working memory abilities, that are cognitive processes rel-
evant for the efficacy of decision making.

A study proposed by Bailey and colleagues (2013) examined the relationship between two of the
most popular genres of video games (FPS and strategy) and decision making. The main purpose was to
provide a more comprehensive understanding of how VGs experience is related to risky decision making.
By measuring both behavioral and self-reported impulsivity, it emerged that pathological gaming and
playing FPS games were positively associated with a greater impulsivity. This association sounds very
interesting, supporting the evidence that this form of gaming is also associated with a reduction in the
use of proactive cognitive control (Bailey, 2009; Bailey et al., 2010; Swing, 2012). Taken together these
results may indicate that playing FPS games and pathological gaming are associated with an increase
in impulsive behavior that results from a decrease in the use of proactive cognitive control of behavior
(Bailey et al., 2013). Also, the association between gaming and risky decisions was sensitive to game
genre: the number of hours spent to playing VGs and to be a FPS gamer negatively correlated with the
tendency to select low risk options. These findings provide a clear evidence that gaming time, pathology,
and game genre (i.e., FPS) influence the individual’ selection of risky options, and that such a behavior
continues in spite of its detrimental effect on performance.

In contrast to FPS type, strategy VGs were not strongly related to increased risk-taking. One explana-
tion for the differential influence of game genre is that there could be social repercussions for making
impulsive decisions in a strategy game, where a successful performance requires cooperation within a
team (Bailey et al., 2013). It is important to note, in fact, that both strategy and FPS games are associ-
ated with pathological gaming, but the consequences of impulsivity and risk-taking are not the same for
the two genres. This may be due to the structure of the gaming environment or to player’ goals within
the different genres.

It has also provided an preliminary evidence of a negative association between playing violent VGs
and prosocial behavior (Anderson & Bushman, 2001; Ballard & Lineberger, 1999; Wiegman & VanSchie,
1998). According to the General Aggression Model (GAM; Anderson & Bushman, 2002), pro- and anti-
social behaviors may be affected by the activation of aggression-related patterns that are stored in memory
after exposure to VGs. Such patterns can alter the way in which subsequent information is processed, so
that even neutral or ambiguous cues may be interpreted as threatening or aggressive. Consequently, the
activation of aggression-related patterns may alter appraisal and decision-making processes, ultimately
leading to more antisocial (and, conversely, fewer prosocial) behaviors. Based on this idea, Sheese and
Graziano (2005) carried out an experiment aiming at investigating the effect of VGs violence on coopera-
tive decision making. Participants were divided in pair and randomly assigned to play either a violent or
a nonviolent version of a famous VG. Following the VG exposure, participants were separated and had
the opportunity to choose to cooperate with their partner for mutual gain, withdraw from the interaction,
or exploit their partner for their own benefit. Results showed that playing violent VGs affects subsequent
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decisions to cooperate or compete with other individuals in high-stakes situations, undermining prosocial
and altruistic motivation by promoting competitive behavior in deliberate decision making (Sheese and
Graziano, 2005). More specifically, participants to the violent condition were significantly more likely
to choose to exploit their partners compared to those of the non-violent condition. Moreover, they were
more convinced that their partners would exploit or distrust them. Instead, participants in both conditions
generally expected that their partners would trust them and cooperate with them. However, participants
in the violent condition were more likely to exploit than trust and choose to defect compared to those
in the non-violent condition. These findings suggest that playing violent VGs may undermine prosocial
motivation and promote exploitive behavior in social interactions.

Recent studies examined the influence of VG on self-perception, a process termed identity simula-
tion (Fischer et al., 2010; Hull et al., 2012). In these studies, it was investigated how adoption of moral
frameworks through identity simulation can impact on subsequent behaviors. By means of the identity
simulation, players embrace the characters’ decisions and behaviors as their own and a game player can
adopt the traits’ and attitudes of the controlled character, and this happens also outside virtual reality
(Kaufman et al., 2012). Thus, moral decisions made while videogaming, could influence players’ views
of themselves and their morality, and this self-perception could impact real moral behaviors. The study
of Ellithorpe and coworkers (2015), examined how people make and interpret moral behaviors in VGs,
and how gaming behaviors influence real-world behavior. Participants made a moral decision in a VG,
followed by two behavioral tasks. They were instructed to take on a deontological (save as many lives as
possible) or utilitarian (win against the enemy, at any cost) mind-set during gameplay. The game asked
participants to choose between saving one person or allowing him to suffer for the greater good, in this
case, aiding the war effort. Immediately after, they played a game with another participant (actually a
computer, in a task called Noise Blast; Bartholow et al., 2006; Bushman, 1995): whoever was faster would
be rewarded with money, whoever was slower would hear an uncomfortable blast of noise. Participants
set the noise and reward levels for their ‘ ‘partner,”” and their *‘partner’’ set levels for them. In the post-test
participants indicated the decision they perceived as more moral. Results showed that players tended to
see the deontological option as the more “moral”. More specifically, participants who had implemented
the deontological choice in the game may have felt more strongly that they had the moral high ground, so
they were more likely to retaliate against another participant who had blasted them with noise by reduc-
ing the reward the other participant received. On the other hand, participants who had implemented the
utilitarian choice shifted their view of this behavior to be slightly more moral, these participants were
less likely to retaliate by reducing reward levels. Although it is believed that participants internalized
the moral mind-set from the game, participants may have felt the need to justify their in game actions.
Importantly, either explanation involves the character’s behavior being internalized, and the participant
acting in a manner that is consistent with moral license.

These results indicate that people may see identity simulation through moral behavior in video games
as a sufficient way to fulfill their moral quota (Ellithorpe et al., 2015). If mediated behavior acts as a
sufficient substitute for actual behavior, then moral license processes may occur more frequently than
previously expected. Thus, the adoption of different mind-sets can impact players’ real-world behavior.
These changes provide evidence for moral license (Mikhail, 2007) as a theoretically important perspec-
tive in VG and moral behavior research, with identity simulation as one possible mechanism (Fischer et
al., 2010; Hull et al., 2012). The effects of violent VG with simulation of moral behaviors is therefore
not cut-and-dried, but instead a complex process the outcomes of which depend on gameplay experi-
ences and perceptions.

120

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Exposure to Video Games and Decision Making

2. Pathological Gaming and Decision Making

Pathological gaming in adolescents and young adults is an emerging problem in developed societies,
being a direct consequence of the rapid escalation of technological advances.

Some studies have shown that pathological gaming might overlap other behavioural and substance
addictions. In fact, in healthy volunteers playing to VGs is usually associated with greater ventral striatal
presynaptic dopamine release, suggesting that videogaming is potentially rewarding or motivating in
itself (Koepp et al., 1998). Adolescents that can be described as frequent VGs players present greater
volume in left striatal grey matter, a region that also had greater activity during loss feedback and that
negatively correlate with deliberation time at the Cambridge Gamble Task (Kuhn et al., 2011). Follow-
ing a 6 week extended gaming exposure of healthy volunteers, an increased orbitofrontal and anterior
cingulate activity has been observed, suggesting that VGs playing can act as a reinforce and associated
cues can become conditioned reinforces (Han et al., 2010). Similarly, subjects with pathological gam-
ing have a greater cognitive bias and cue reactivity towards game-related images, with greater medial
prefrontal and anterior cingulated cortex activity (van Holst et al., 2012; Zhou et al., 2012; Lorenz et
al., 2013). Pathological gaming is also associated with greater impulsivity on the Barratt’s Impulsive-
ness Scale and greater perseveration on the Wisconsin Card Sorting Test along with increased volume
in thalamus and inferior temporal and occipital gyrus (Han et al., 2012). Moreover, pathological gamers
further demonstrated an impaired motor response inhibition as assessed by Go/No Go tasks, along with
decreased error-related negativity (Littel et al., 2012). These results reveal that some mechanisms of
behavioral and substances addiction are common to both addiction and gambling.

Another feature that we can observe in both substance/behavioural addictions and game dependence
is the impulsivity, that can be differentiated into decision and motor impulsivity (Robbins et al., 2012;
Perry and Carrol, 2008). Decision impulsivity includes impulsive choice (a preference for an immediate
smaller reward over a larger delayed reward; Kirby et al., 1999) and reflection impulsivity (the tendency
to gather and appraise information prior to making a decision; Clark et al., 2006). Motor impulsivity
includes motor response inhibition (Aron et al., 2003) and premature responding, or also anticipatory
responding (Voon et al., 2013).

On the basis of these evidences, Irvine and colleagues (2013) investigated the different subtypes of
decisional and motor impulsivity in a well-defined pathological gaming cohort, hypothesizing that VGs
would be associated with greater decision impulsivity, both in terms of delay discounting and reflection
impulsivity (Irvine et al., 2013). Results showed that pathological gaming is actually associated with
greater decision impulsivity, with less evidence sampled prior to a decision and greater impulsive choice.
Increased reflection impulsivity (e.g. sampling less evidence or opening fewer boxes prior to making a
decision) had negative consequences with pathological gamers obtaining significantly fewer points, pos-
sibly mediated via the numeric increase in number of sampling errors (Irvine et al., 2013). From these
results, it could be concluded that pathological gamers might be less sensitive to the introduction of cost
or penalties or may be more impaired in the integration of decision cost in optimizing final outcomes;
this suggests that pathological gamers may be more likely to respond to instrumental reward feedback
and less to negative costs in decision making (Irvine et al., 2013).

Also, according to some researchers, pathological gambling players might suffer from more discrete
cognitive biases of probability estimation and choices that are not specific to pathological gambling,
but are exacerbated by the disorder. In fact, cognitive biases influence decision-making, resulting in an
increased risk willingness when winning probabilities are seen as high, and in risk aversion when win-
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ning probabilities are seen as low. Goodie (2003, 2005) and Lakey and coworkers (2006, 2007) observed
that pathological gamblers were more confident in their decisions about a general knowledge task, even
though they had no greater competence or performance level than non-gambling controls. Problem and
pathological gamblers were also more likely to accept lower probability gamblers, which suggests a
higher degree of cognitive bias.

However it would appear that the condition is not created in experienced poker players which have
a significantly lower bias in estimating the winning probability of hands and played hands with a sig-
nificantly higher average winning probability compared with inexperienced players (Linnet et al. 2010).
Linnet and colleagues (2012) reported that pathological gambling poker players had a larger error margin
of probability estimation, played hands with lower winning probability, and had poorer differentiation
of winning probability between played and folded hands compared to experienced poker players. Patho-
logical gambling poker players and inexperienced poker players did not differ on these measures. These
results suggest that cognitive biases in pathological gambling poker players cannot simply be explained
as a problem of decision-making, that pathological gambling poker players have intact probability esti-
mation, but are drawn toward risky gambles (Linnet et al., 2012).

FUTURE RESEARCH DIRECTION

On the basis of this brief analysis of the limited existing literature, we could say that the exposure to
VGs may results in changes of individuals’ decision making.

The results reported and discussed in this chapter necessarily require further investigation, studying
these topics in more detail and with greater and balanced sample.

A well known limit, indeed, is related to the fact that almost all investigation have been carried out
on men. Moreover, it would also be appropriate to conduct longitudinal studies, in order to verify if the
observed results can be intended as permanent or if they are only acute and limited in time. Furthermore,
this field of research would strongly gain from new investigations aimed at clarifying whether decision
making is equally influenced in pathological gamblers and “healthy” VGs players. Also, additional re-
search should be oriented on possible differential effects of different genres of VGs on decision making:
it is, in fact, arguable that action and non-action VGs might differentially affect cognitive processes, an
interesting issue not still directly tested. As a possible improvement, also differential effects between
different kinds of games (strategy, sport, life simulation, etc) merit to be investigated.

In conclusion, this brief review underlines the relevance of new research to better understand how
VGs in general and gambling in particular can influence decision making and for clarifying the mecha-
nisms underlying such changes.

CONCLUSION

The study of the VGs exposure on decision making is a new field of research, currently characterized
by few investigations. With this mini-review, we aimed at providing different considerations about the
role of VGs on this higher order cognitive process.

122

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Exposure to Video Games and Decision Making

Video games seem to influence impulsive decisions, both in subject with pathological gambling
(Bailey et al., 2013) and healthy sample (Irvine et al., 2013). Experienced or pathological players tend to
decide more impulsively, prefer smaller and immediate rewards and spend less time to analyze elements
available before making a choice. Gamblers showed a lower sensitivity to negative reward or punishment
(Bailey et al., 2013) that should discourage these behaviors.

Bailey and colleagues (2013) were the first to make a distinction between FPS and strategic video
games, showing that strategic video game players are led likely to take risky decision and are more sus-
ceptible to negative feedback compared FPS players. These results, together with other studies (Fischer
et al., 2009; Beullens et al., 2011) have highlighted the need to begin to distinguish various types of
video games and focus on different effects that they can induce.

Several studies have shown that VGs have an important role in the moral decision, in particular the
work by Ellithorpe and colleagues (2013) showed that players can identify themselves with the charac-
ter’s choices who plays in the VGs and that this choice influence the subject’ behaviour out of the virtual
world as a result of moral license (Merritt et al., 2010; Monin e Miller; 2001). This is an important
result because prove that decisions taken in virtual context can modify the choice that we will take in
the everyday life, well outside the game.

Finally, regarding the influence of violent VGs on competitive or cooperative behavior it has been
seen that violent content can evoke the same type of behaviour towards a partner and lead to the decision
to compete instead cooperate though without affecting the trust and the relationship that the subject puts
in partner (Sheese e Graziano, 2005).
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KEY TERMS AND DEFINITIONS

Adolescence: The transitional period between puberty and adulthood in human development, termi-
nating legally when the age of majority is reached.

Behavior: The actions by which an organism interacts with surrounding environment.

Cognition: The mental process of knowing, including several aspects as, for example, awareness,
perception, reasoning, memory and judgment.

Decision-Making: The thought process of selecting a logical choice from the available options.

Executive Control: A set of cognitive processes (as attentional control, or working memory) that
are necessary for the cognitive control of behavior.

Gambling: Recreational activity that consist in gamble or bet money on the outcome of a game.
Gambling can became an addictive habit.

Pathological Gambling: Persistent and recurrent problematic gambling behavior leading to clini-
cally significant impairment or distress, as indicated by the individual itself or by friends and relatives.

Video Game: Electronic device that allows to interact with the projected images on an screen. This
apparatus allows to simulate real or unreal situations, on which the players intervenes using a keyboard
or a joystick.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3296-3308, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 11

Learning With Games
and Digital Stories in
Visual Programming

Wilfred W. F. Lau
The Chinese University of Hong Kong, China

ABSTRACT

Thischaptertracestherecentdevelopmentandtheuse ofgamesanddigital storiesforengaging students
inlearningin visual programming environments. It reports on the application of game development-
basedlearningand educationaldigital storytelling toengage studentsinlearninginvisual programming
environments.Theempirical findings support the positive effects of these two learning approaches on
arange of student learning outcomes. Because many available visual programming tools are free of
chargeand providealow-floor, high-ceilinglearning environment, teachers should encourage students
toventureintothe programming world with these tools. Such practiceis beneficial to studentlearning
both within the computer science discipline and across disciplines.

INTRODUCTION

This papertracestherecentdevelopmentandthe use ofgamesanddigital storiesforengaging students
in learning in visual programming environments (Lau & Yuen, 2015).

Games have long been used to arouse and sustain students’learning interest. Wuand Wang (2012)
contended thatas students modify or develop agame by usingagame developmentframework (GDF),
they can learn different skills and concepts in computer science (CS) and software engineering (SE).
They labeled thislearning experience as game development-based learning (GDBL), and showed that
it consisted of “four elements (course aim, pedagogical theory support, GDF resource pool,andimpact
factor),twomethods (learningby creatingandlearningby modifyinggames),andsixstepsintheteaching
processand two subjects (studentsand teachers)”(p. 16). Morerecently, Wangand Wu (2015) reviewed
66 articlesrelated to game developmentand CS/SE education published between 2004 and 2012 and
found thatthe number of articles published on this topic had increased steadily from 2004 to 2009.On
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average, 12 articles were published each year from 2009t0 2012. Game development was mainly used
in colleges and universities (81%) but also in high schools (9%) and middle schools (9%). In CS, game
development was adopted primarily to teach introductory courses and programming (77%).

PsomosandKordaki(2012a,2012b)advocated the practice of educational digital storytelling (EDS),
whichdenotestheintersectionofeducation, storytelling,anddigitaltechnology, tohelpstudentsachieve
the six cognitive objectives of the revised Bloom’s taxonomy (Bloom, Mesia, & Krathwohl, 1964) and
acquire various literacy skills (Robin, 2006). McWilliam (2009) surveyed 300 online digital storytelling
programsandfoundthat 123 were provided by educationalinstitutions. Of these 123 programs, 55 were
hostedinK-12schools; 42 in universities;and 26 in colleges orinstitutes. In schools, digital storytelling
wasmainlyusedtoengagestudentsinlearningandtoenhancestudent printand medialiteracy, whereas
inuniversitiesand colleges, itwas eitherembedded in student-teachertraining programs orformed part
of multimediaand design courses. Arecent review by Gregori-Signes (2014) showed that EDS has been
used extensivelyindifferent subjectsand contextsat the primary, secondary,and tertiary levels as well
as for teacher prepration programs.

In the following sections, I first discuss the theoretical basis and educational benefits of GDBL and
EDSingeneral.lthen presentempirical evidenceto supportthe positive effects of these two pedagogical
approachesonstudentlearningoutcomes.Subsequently,|provideinsightsintofutureresearchdirections
regardinglearning with gamesanddigital storiesinvisual programming and then conclude the paper.

BACKGROUND

According to Dempsey, Lucassen, Haynes, and Casey (1996), computer games are rule-guided, artifi-
cial, and technologically rendered scenarios that involve one or more players and have specific goals,
constraints, payoffs,and consequences. Many people are enthusiasticabout playing gamesand express
high hopes for its positive impacts on learning. Connolly, Boyle, MacArthur, Hainey, and Boyle (2012)
concludedthatplayingcomputergames,ingeneral, wasassociated with numerous perceptual,cognitive,
behavioral, affective,and motivationalimpactsand outcomes. In particular,the most promininenteffects
werefoundinknowledgeacquisition/content understanding and affective and motivational outcomes.
McClarty et al. (2012) identified five potential benefits of using digital games in education: 1. Games
arebuiltonsoundlearning principles. 2. Games provide personalized learning opportunities. 3. Games
provide more engagementforlearners.4.Games teach 21t century skills. 5. Games provide an environ-
ment for authentic and relevant assessment (pp. 6-7).

Furthermore,Werner,Denner,and Campe (2014) argued thatdesigningand programmingagamecan
beregardedasanill-structured design problem (Jonassen, 2000) thatrequires studentstodefinethegoal,
decidehowtoreachthatgoal,andevaluate the solution.Because mostgamesinvolve problem-solving
tasksthataredynamic,timedependent,andcomplex,gamedevelopmentisoftenunderstoodasacomplex
problem-solving process thatdraws onanindividual’s abilities to formulate complex problems, design
systems,and understand human behavior (Denner,Werner,Campe, & Ortiz, 2014).Thus, itisanticipated
thatsucha practice can helpimprove student problem-solving skillsand higher-order thinking abilities.

Digital storytelling refersto“the art of combining narrative with digital media such asimages, sound,
and video to create a short story” (Dreon, Kerper, & Landis, 2011). The Center for Digital Storytelling
in Berkeley, California, identified seven crucial elements of digital storytelling: point of view, a dramatic
guestion,emotional content, the gift of your voice, the power of the soundtrack, economy, and pacing
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(http://digitalstorytelling.coe.uh.edu/page.cfm?id=27&cid=27&sublinkid=31).Robin (2008) asserted
thatdigital storytelling enables users to combine the traditional processes of creative story writing with
various types of multimedia, which resultsin an electronicartifact thatis accessible through both local
computersandthelnternet.Constructionismandthe narrative paradigm are thetwo basic theories that
support the use of digital storytelling in education (Wang & Zhan, 2010). In constructionism, students
createexternaland sharable objects (learning by making) through activeinteractionand engagementin
thelearning process.The narrative paradigm posits that meaningful learning occurs as students attempt
to interpret actions, words, and deeds from a story into something relevant to their experiences.

Digital storytelling benefits studentlearningin numerousways. Using digital storytellingin the class-
roomhelpsbothgeneraleducationstudentsandthosewithlearningdifficulties becomemoremotivated
to practicetraditional writing. Digital storytelling can be an effective method forengaging students, from
kindergartenthroughcollege,in student-centered activities mediated by technology. Digital storytelling
empowersstudentstoexpressthemselvesthroughmultimodalcommunicationtechniquesandtodevelop
multiliteracies such as digital, global, technology, visual,and information literacy (Robin, 2008). 1t helps
students to understand more clearly the subject matter and to improve their literacy skills.

Porter (2005) found several advantages of practicing digital storytelling: helping studentstoimprove
theirmultipleliteracy skills,increasing their contentlearning, engaging studentsinlearning across the
curriculumin schools, fostering their mastery of many 21 century skills,and meeting technology stan-
dards. Digital storytelling can beintegrated acrossarange of subjectareastoenhance studentlearning
outcomes. Curriculumintegration enables students to establish connectionsacross contentareasandto
communicate their experiences to a wider audience.

EMPIRICAL EVALUATION

Hwang,Hung,andChen(2014)foundthatapeerassessment-basedgamedevelopmentapproachenhanced
students’learning achievement, learning motivation, problem-solving skills, and their perceptions of
the use of educational computergames compared with those who were instructed with a conventional
gamedevelopmentapproach.Thepeerassessment-basedapproachalsohelpedstudentsengageindeep
learning. AkcaogluandKoehler (2014) showed that students attending the Game-Designand Learning
programoutperformed their counterparts who did notattend the programin several problem-solving
tasksincluding systemanalysis and design, decision making,and troubleshooting.This provides empiri-
calevidencethatthe program canimprove student problem-solving abilities.In their review,Wangand
Wu (2015) also reported the positive effects of using game development toimprove student motivation
and engagement.

However,Chuand Hung (2015) indicated thatalthough the game-based developmentapproach was
effectivein promoting student problem-solving skills, students learning with thisapproach showed no
differenceinacademicachievement or motivation from others who learned by playing adigital game.
This calls for further research to determine the contextual factors that influence the success and effec-
tiveness of this learning approach.

Burke and Kafai (2012) demonstrated the efficacy of a 7-week writing workshop in helping students
tolearnthebasics of both programmingand storytelling, which was reflected in the digital stories they
produced (products), the debuggingandrevisingthey performed (processes),and their overall percep-
tions oftheworkshop atitsend. Studentsalso realized that programming and writing were interrelated
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composition processes. Fields, Kafai, Strommer, Wolf, and Seiner (2014) explored the effects of col-
laborative and interactive storytelling activities in a Scratch online community on youth learning of
computer programmingintwoaspects:(1) howthislearning experience supports creative expressionin
collaborativedigital storiesin bothmediaand code;and (2) howfeedbackfrom commentatorsinfluences
theartisticand computational qualities of stories undergoingrevision.They found that the participants
could make story designsthat were more creative and develop code that was more sophisticated for their
final submission after receiving constructive feedback from the Scratch online community.

FUTURE RESEARCH DIRECTIONS

It is believed that GDBL and EDS will remain frequently used approaches through which students
learn computer programmingin visual environments. Future research may continue to investigate how
computationalthinking (CT)isdevelopedinvisual programminglanguages. According toBrennanand
Resnick (2012), CT involves problem solving by using CS concepts and entails three key dimensions:
computational concepts, computational practices, and computational perspectives. Some empirical
evidence suggests that visual programming helpsincrease K-12 student performance in the three di-
mensions of CT (Lye & Koh, 2014). In addition, Chang (2014) showed the effectiveness of using Alice
and Scratchin correctiveinstruction, raising university students’playfulness and enjoymentlevels,and
improving their learning performance.

Anotherresearch direction concernsthe viability of using visual programming to enhance CT, which
may promotescience, technology,engineering,and mathematics (STEM)learningamongK-12students.
CT has been identified as the core component in all STEM disciplines (Grover & Pea, 2013) and there
has been an ongoing effort to integrate CT into STEM curricula. For example, Weintrop et al. (2014)
proposed a CT-STEM skills taxonomy framework that consists of four major categories of relevant
skills:data and information skills, modeling and simulation skills,computational problem-solving skills,
and systems thinking skills. However, little is known about how CT can be taught in STEM subjects in
practiceand, moreimportant, whetherand how visual programming may affect STEM learing through
the development of CT. Additional studies exploring these issues are necessary.

CONCLUSION

Thispaperreportsonrecentdevelopmentof using GDBLand EDS toengage studentsinlearninginvisual
programming environments. The empirical findings support the positive effects of these two learning
approachesonarangeof studentlearning outcomes.Because manyavailable visual programmingtools
arefree of chargeand providealow-floor, high-ceilinglearning environment, teachers should encourage
studentstoventureinto the programming world with these tools. Such practiceis beneficial to student
learning both within the CS discipline and across disciplines. In particular, more research should be
devoted to investigating how visual programming may enhance student CT and STEM learning.
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KEY TERMS AND DEFINITIONS

Computational Thinking: It involves solving problems by employing concepts fundamental to
computer science.

Game Development-Based Learning: This learning approach requires students to modify or de-
velopagameonthebasis of agamedevelopmentframework. Students are expected toacquire different
computer science and software engineering skills and concepts in the learning process.

Game Development Framework:Itencompasses the toolkits used to develop or modify games such
asthegameengine,gameeditors, simulation platforms, orany integrated developmentenvironment.

Digital Storytelling: It refers to the combination of a narrative with multimedia elements such as
text, images, sound, and video for creating a short story.

Educational Digital Storytelling: A blend of education with digital storytelling, educational digital
storytellingaimsto help studentsto attain the six cognitive objectives of the revised Bloom’s taxonomy
and develop various literacy skills.

Science, Technology, Engineering, and Mathematics: It is increasingly important for any govern-
ment to improve STEM education in order to maintain its competitiveness in science and technology
development.

Visual Programming Environments: They are computer software that support the use of visual
expressions such as graphics, drawings, animations, and icons in the programming process.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3309-3316, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 12

The Process Model of
Gameplay to Understand
Digital Gaming Outcomes

Linda K. Kaye
Edge Hill University, UK

ABSTRACT

Common conceptions of digital gaming often allude to its role in promoting aggression, yet little is
understood about its function as enjoyable leisure. This alternative lens permits a more comprehensive
account of the way in which gaming may hold equivalent benefits to that of other leisure. In developing
a rationale for this solution, this chapter evaluates theoretical models explaining the processes through
which digital game violence can translate into aggressive behavior. Here, there is a suggestion that
these models are too restrictive in accounting for diverse gaming outcomes, suggesting that theoretical
frameworks need to be sufficiently complex to account for a wider set of influences. Leisure theory is
presented as a framework for understanding diverse gameplay experiences and their impact on gaming
outcomes. This framework presents an alternative to the traditional focus of much research by suggesting
that differential outcomes of gaming occur as a result of interactions between personal and contextual
factors, as well as the dynamic process of gameplay itself.

INTRODUCTION

Digital games have been the focus of psychological research for a number of decades, yet there remains
substantial concern and debate about the potentially harmful effects of violent digital games on children
and young people (DeLisi, Vaughn, Gentile, Anderson & Shook, 2013). These concerns primarily relate
to the amount of violent content in particular types of digital games, given that evidence has suggested
exposure to violent content in games is related to increases in aggressive attitudes and behaviour (An-
derson et al., 2010), and reduced sensitivity to real life violence (Bartholow, Bushman, & Sestir, 2006).
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While some researchers claim that there is conclusive evidence of a link between violent game ex-
posure and aggressive cognition, affect and behaviour (Anderson et al., 2010), others have criticised the
theoretical and methodological basis of such claims (Adachi & Willoughby, 2011a; Elson & Ferguson,
2014; Ferguson, 2007). This suggests a need to reconsider the way in which outcomes of (violent) gam-
ing are studied. This is the key focus of the current chapter. This includes a critical consideration of
the socio-cognitive models which are typically used within this area, and questions the extent to which
they can effectively represent the range of potential outcomes of playing digital games. Following this,
other key factors are reviewed, and presented as a reason to reconsider the theoretical underpinnings of
this research field. Here, a Process Model of Gameplay is presented as a solution to further understand
these issues. Specifically, this model aims to provide a framework through which to understand a vari-
ety of factors and the diversity of gaming experiences, and their combined role on gaming outcomes.
In a practical sense, this can inform future psychological research to adopt a more holistic approach
when measuring digital gaming outcomes, particularly in controlling for the extent of factors which are
influential in this regard.

Background: Existing Theoretical Models

Existing theoretical models explaining the influence of violent game content on aggression outcomes
include the General Aggression Model (GAM: Anderson & Bushman, 2002; Anderson & Huesmann,
2003), and the General Learning Model (GLM: Buckley & Anderson, 2006). These consolidate exist-
ing socio-cognitive models to explain the effects of media violence on aggression-related outcomes.
The underlying principle of these models is that engaging with violent digital games interacts with an
individual’s internal state, trait and situational factors to influence appraisal and subsequent behaviour
(DeWall & Anderson, 2011). The long-term effects of such processes are said to occur through the de-
velopment of knowledge structures via learning processes which create a repeated pattern of responses,
increasing the accessibility of violent “scripts” over time (Barlett & Anderson, 2013). Beyond this, the
GLM more specifically explains how exposure to any media content can “teach” a behavioural response.
This includes the role of prosocial media content on teaching prosocial behaviours (Greitemeyer & Os-
swald, 2009), suggesting digital games can be effective “teachers” when exposing participants to specific
types of content (Gentile & Gentile, 2008), and thus highlighting their use within educational contexts
(Prensky, 2001). However, given that many games include violent content, this has caused substantial
concern in particular academic communities, and prompted much research to investigate the way in
which repeated exposure to game violence may be harmful through the way in which aggressive scripts
are learnt and applied in the real world.

Although some studies have provided support for these models, other studies have not. Specifically,
some researchers have criticised the restrictive nature of these models (e.g., Ferguson, 2009). One such
criticism is that they imply “passive modelling” in which individuals exposed to violent media will be
more likely to engage in real world violent behaviour, regardless of other key influential factors (e.g.,
family violence, trait aggression) (Ferguson, 2009). Relevant evidence here is the modelling which has
been shown through objectification of females within many digital games (Burgess, Stermer & Burgess,
2007), and the consequences this has on real-world prejudices and beliefs towards women (Beck, Boys,
Rose & Beck, 2012; Dill & Thrill, 2007). Similarly, particularly in relation to aggressive effects, exist-
ing models exclude the role of genetic predispositions and innate motivational systems towards violent
behaviour which are believed to explain a substantial proportion of the variance in real-life violent be-
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haviour (Eley, Lichtenstein, & Moffitt, 2003; Ferguson, Rueda, Cruz, Ferguson, Ritz, & Smith, 2008).
Thus, greater specificity is needed within theory on how such factors function in this process (Ferguson
& Dyck, 2012).

Additionally, existing models are not entirely clear in their capacity to test the influence of a range of
other factors which have also been suggested to interact upon gaming outcomes (Krahé & Moller, 2004;
Markey & Scherer, 2009). For example, emotional regulation has been found as a mediator of the of
violent gaming aggression link (Unsworth, Devilly, & Ward, 2007). This suggests that gaming may
serve a mood management function for some individuals (Unsworth et al., 2007). Indeed, mood manage-
ment theory (Zillman, 1988) suggests that players may be motivated to play as a means of maximising
exposure to positive stimuli, as a way of enhancing mood (Bowman & Tamborini, 2015). Conversely,
this can result in games being successful in alleviating negative states (Ferguson & Rueda, 2010). This
suggests a positive function of (violent) gameplay which existing theoretical models are unable to ad-
dress. Understanding gaming processes are therefore key, highlighting the importance of understanding
changes in experiences through gaming in order to fully examine the influence of gameplay processes
on the outcomes of the activity. In response to this, the Process Model of Gameplay is presented (see
Figure 1). This acknowledges the influence of the dynamic and varied nature of gaming processes upon
the range of outcomes of the activity.

Future Research Directions: The Process Model

The Process Model can provide a basis through which to underpin research which aims to explore the
various outcomes of gaming, particularly in how the factors identified here are influential in this re-
gard. The merit of this model is that it highlights the range of factors and potential interactions which
underpin the dynamic and varied nature of gaming experiences. This can therefore provide a basis from
which to research a variety of different mechanisms which underpin gaming outcomes. The following

Figure 1.
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sections identify key themes which are integrated within this process-based model to understanding
digital gaming outcomes.

Type of Games and Platforms

Inaddition to individual factors (e.g., traits, emotional regulation) previously outlined, potential variations
in gaming experiences may also depend on factors such as game genre and platform (Limperos, Schmi-
erbach, Kegerise & Dardis, 2011). For example, previous studies have identified reduced physiological
and emotional responses when playing games on handheld compared to TV-based consoles (Ivory &
Magee, 2009). Additionally, enhanced responses to violent content has been found when playing on im-
mersive games technology compared to traditional platforms (Persky & Blascovich, 2007, 2008). This
suggests that different gaming consoles have a role in determining the outcomes of the activity. Different
game genres have also been found to have differential physiological effects, with greater arousal being
identified when playing driving games compared to first-person shooter games (Goodson & Pearson,
2009). This suggests the importance of integrating these factors into models of gaming outcomes. Games
are structurally complex, and consist of a range of different dimensions (Bryce & Kaye, 2011). Indeed,
previous research shows how specific game dimensions (e.g., identification with game characters, pace
of action) are influential upon the derived experiences of the activity (Elson, Breuer, Van Looy, Kneer,
& Quandt, 2015). Therefore, understanding the complexities of digital games and acknowledging this
within the theoretical underpinnings of digital game research is a key requirement. Unfortunately, theo-
ries such as GAM or GLM fail to account for the way in which variables and experiential factors may
be influential in the way in which individuals respond to games, and how these may vary as a result
of the interaction of the individual and the games technology (Nacke et al., 2009). In light of this, the
Process Model includes these as factors underpinning digital gaming outcomes. Here, “game platform”
and “type of game” are two identified sub-factors included within the model, in an attempt to provide a
more interactionalist perspective for modelling gaming outcomes.

Knowledge and Engagement

Another issue with previous models is the lack of acknowledgement of the knowledge of players, and their
experiences associated with moral engagement with virtual violence. Specifically in relation to player
knowledge, evidence shows differences between players and non-players in cognitive defence mecha-
nism responses to shooter games (Kneer, Munko, Glock & Bente, 2012). Additionally, other research
demonstrates differences between individuals in their gaming experiences (Cotton, Mayes, Jentsch &
Sims, 2001; Cox, Cairns, Shah & Carroll, 2012), and responses to priming of aggression-related concepts
(Glock & Kneer, 2009). In respect of moral engagement in violence, research shows these individual
differences to be influential to the emotional responses associated with gameplay (Young & Whitty,
2010, 2011). The ability of some games to offer opportunities for players to engage in violent acts and
violate real-world social norms in the virtual world can provide intense positive emotional experiences
(Bertozzi, 2008; Hartmann & Vorderer, 2010), suggesting that the consequences of violent gameplay are
not necessarily solely and exclusively negative in nature. In light of this, the Process Model acknowledges
“player traits” in respect of the individual variations in responses to specific game content, and how
these hold a combined influence on the nature of gaming outcomes. In this way, the Process Model can
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provide a more holistic perspective of gaming outcomes, in respect of player experience—game context
interactions, which previous models fail to include.

Contextual Factors

A further key limitation of existing theoretical models is their inability to account for the variety of
social contexts in which games are experienced. That is, existing models do not account for differences
in experiences between immediate gaming contexts in which gamers may be playing alone, compared
to with others, and whether or not this in the physical presence of others or via online gameplay. Evi-
dence suggests that different social contexts of gameplay result in differential experiences (de Kort,
sselsteijn, Poels, 2007). For example, social opportunities with others can enhance emotional gaming
experiences (Kaye & Bryce, 2012), and result in enhanced positive mood following gameplay (Kaye &
Bryce, 2014). Other research has compared levels of arousal, engagement and mood between different
gameplay contexts and found that outcomes are more strongly enhanced in the physical presence of others
during gameplay relative to virtual presence (Gajadhar, de Kort & IJsselsteijn, 2009). Similarly, different
types of gameplay (i.e., competitive versus cooperative play) do not hold equivalent outcomes (Lim &
Lee, 2009), resulting in limitations of existing models which cannot account for these distinctions. The
importance of acknowledging social contexts of gaming is particularly pertinent given the increasing
popularity of social gaming (Information Solutions Group, 2011). It makes conceptual sense therefore
to integrate these constructs into frameworks designed to theorise on gaming impacts.

As well as immediate gameplay contexts, there are wider socio-cultural contexts of interest here.
That is, values of social systems may be largely determined by cultural conception and transformation
of social representations (Moscovici, 2000). Social representation of identity (e.g., gamer identity) for
example is one factor which has been found to be related to different psychological outcomes of digital
gaming (Kaye, 2015), suggesting these wider social contexts and constructs play a role in this process.
Similarly, when considering gaming within the context of gamers’ everyday lives, it is possible to see
how it operates as a part of gamers’ social identity formation (Kaye, 2014). This highlights the impor-
tance of understanding these socio-contextual influences on gaming outcomes. Thus, the Process Model
addresses the limitations of existing theoretical gaming models by acknowledging gaming context (in
respect of immediate and wider socio-cultural context) within this framework. Specifically, this framework
models the player: game experience interaction through a contextual lens, given that the outcomes
associated with these interactions are expected to vary considerably as a result of contextual variations.

A Leisure Framework

The fact that gaming is a highly popular leisure activity suggests that it facilitates a range of positive ex-
periences and outcomes for players. Most people engage in leisure to experience enjoyment and freedom
from everyday life (Harper, 1986). Specifically in relation to gaming, the derived enjoyment is a key
intrinsic motivation for continued engagement (Ryan, Rigby & Przbylski, 2006), in similar ways to that
of other leisure (Harper, 1986). That is, gaming provides opportunities for psychological need satisfac-
tion, through enhancing perceptions of efficacy, skill growth and relatedness with others (Przybylski,
Deci, Rigby & Ryan, 2014; Reinecke, Klatt & Kramer, 2011; Ryan & Deci, 2000).
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A leisure perspective presents a useful approach through which to examine the motivational and ex-
periential processes associated with gaming. In turn, this explains the potential psychological benefits,
including; enhanced well-being (Ryan et al., 2006), positive mood (Hull, 1990), and recovery (Collins
& Cox, 2014; Reinecke, 2009). Therefore, when viewing gaming through the lens of enjoyable leisure,
it should hold similar benefits as other leisure activities, highlighting the utility of this framework for
theorising on the more positive outcomes of gaming. Specifically, this perspective assumes a broader
role of the activity itself; a key feature underpinning the Process Model presented here. That is, it can
provide a way of examining the processes involved in gameplay, to better understand how these experi-
ences operate for promoting a range of (positive) gaming outcomes. This extends the focus from solely
concerning the content of games, and instead suggests them to operate in equivalent ways to that of other
leisure. This can extend beyond the realms of immediate and short-term effects, and can offer insight
into the more enduring, broader outcomes of this activity (Mayra, 2007).

An operational example of the Process Model relates to flow theory (Csikszentmihalyi, 1975). This
theory proposes that individuals experience enjoyment during an intrinsically motivated activity, charac-
terised by total concentration and lack of self-awareness (Csikszentmihalyi, 1975). Flow, in the context
of gaming can provide an insight into motivations for participation, the associated positive experiences,
and their combined influence on the nature of gaming outcomes. This is supported by research high-
lighting the importance of understanding player experiences, particularly in relation to the goal-directed
nature of play, and how this might provide a more useful framework than a focus on game content, as in
previous models (Oswald, Prorock & Murphy, 2014). As outlined in the Process Model, enjoyable and
intrinsically motivated gaming experiences, are likely to largely result in positive emotional outcomes.

Considering gaming as enjoyable leisure provides a useful framework through which to examine
the impact of experiential aspects of the activity, which may better account for a more diverse range
of outcomes. Specifically in relation to flow for example, the Process Model can underpin its function
in explaining continued motivation for specific types of games, highlighting the way in which gaming
motivations and experiences are best understood in combination, as an effective way of predicting gam-
ing outcomes. Therefore, the possibilities of future research avenues are fruitful, particularly in relation
to examining the impacts which occur as a result of the processes of gameplay. On a practical level,
research findings within this perspective can offer game industry representatives better scope for apply-
ing these approaches to player testing protocols, and indeed an informed evidence-base through which
to effectively market their games in light of positive player experiences.

Although existing theory has largely focused on the role of violent game content on aggression-related
outcomes, this represents only a small part of the overall gaming experience. Games are complex, pro-
viding diverse and variable experiences, indicating the utility of the Process Model in better capturing
the dynamic and idiosyncratic nature of the player game interaction. It is intended that the Process
Model may initiate a research agenda which acknowledges the complexities of digital games, and the
processes afforded to the activity itself, in order to expand beyond the “negative effects perspective”.

CONCLUSION

This chapter has provided a critical review of the theoretical underpinnings of digital gaming research. It
has highlighted the limitations, and presented the Process Model of Gameplay as a more holistic frame-
work for these issues. Specifically, this model presents a dynamic process framework for better examining
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digital gaming outcomes, through a more comprehensive interactionalist account of the relevant factors.
In this way, this model may serve as a vehicle for modelling further research approaches. Although initial
support is available for the range of influences included within the Process Model of Gameplay, future
research is required which examines the validity and efficacy of the proposed framework. In particular,
additional work which accounts for the dynamic process of gaming and how this impacts upon diverse
gaming outcomes is greatly warranted. Such a focus would entail a move towards methods such as
Experience Sampling Methodology, to gain players’ accounts of their “real-world” gaming experiences
(Kaye, Monk & Hamlin, in press). Indeed, this calls for research in this area to shift from the traditional
“global, broad” perspective, towards a more idiographic one, if a more comprehensive understanding
of the range and diversity of outcomes is to be established. This would provide a valuable contribution
to the theoretical underpinnings for explaining how and why different individuals respond differently
to particular digital games.

Overall, this chapter has argued for a greater focus on understanding the dynamics of gameplay as the
direction for future research in this area, and presented a Process Model in response to this. Although
a large body of research has examined the influence of violent game content on aggression-related
outcomes, this constitutes only one aspect of the overall digital gaming experience. Understanding the
complexity of digital games, gaming process and associated outcomes can only be achieved by adopting
a more holistic approach to the study of the activity. In this way, it is hoped that the Process Model of
Gameplay may be a suitable starting point, through which to initiate this research agenda.
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KEY TERMS AND DEFINITIONS

Digital Games: Used here as a generic term to include all electronic games which can be played in
arcades, on game consoles, hand-held consoles, PCs, and over the Internet.

Emotional Regulation: One’s ability to utilise emotional stability.

Genetic Predisposition: The extent to which an individual is biologically determined to think or
behave in a certain way.

Intrinsic Motivation: Undertaking a task or activity for an internal or inherent sense of reward rather
than an external reward (e.g., money).

Social Identity: The extent to which an individual defines themselves by their affiliation to a social
group (e.g., gamer).

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3317-3326, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

Game researchers are now moving from exploring if games can teach to how games teach. The caveat
is that not all games teach but that all good games teach. Leaving a simple truth, it is hard to make a
good game, no less a good game that is also educational. The real challenge is getting the people with
the right design abilities to make these types of games and establish best practices and quantify what
actually makes games as educational systems work. Efforts to move in that direction must begin with
establishing terms and defining a framework for what goes into games for learning as formal systems.

INTRODUCTION

The term Serious Games is an umbrella term that refers to any games that have goals other than pure
entertainment. The term grew in popularity in the early 2000s when the Foresight and Governance Project
at the Woodrow Wilson International Center for Scholars founded the Serious Games Initiative (SGI).
The SGI was founded to pursue the goal of helping to organize and accelerate the adoption of computer
games for non-entertainment purposes. This included exploring new applications for games in educa-
tion, training, recruitment, and beyond. At this time many researchers were beginning to understand
that games could have positive effects outside of pure entertainment. In Raph Koster’s book, A Theory
of Fun for Game Design (Koster, 2005) he described the motivating factor of fun in all games as the act
of learning. James Paul Gee a well respected games researcher best known for his book, “What video
games have to teach us about learning and literacy,” focuses on the idea that all good video games exhibit
thirty-six learning principles supported by literature in learning science and cognition research (Gee,
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2007). While Serious Games are not based solely on the idea that games can teach, the principles behind
good game design actually support learning. As a result, the research has shown that Serious Games are
not just another media for learning through a passive act of absorbing material, but are a technology for
engaging with information.

Games researchers are now moving from exploring if games can teach to how games teach. The ca-
veat is that not all games teach but that all good games teach. Leaving a simple truth, it is hard to make
a good game, no less a good game that is also educational. The real challenge is getting the people with
the right design abilities to make these types of games and establish best practices and quantify what
actually makes games as educational systems work. Efforts to move in that direction must begin with
establishing terms and defining a framework for what goes into games for learning as formal systems.

BACKGROUND

Before the more modern notion of Serious Games took hold, the military made many attempts at us-
ing video games for training. The earliest being in 1980 when the Army commissioned Atari to build
the Atari Bradley Trainer (P. Smith, In Press). This game was a modified version of the popular vector
graphics based game Battlezone, also published in 1980. Only 2 Atari Bradley Trainers were ever built
and shown at a trade show. It is unknown why the Army never deployed the game, but it was never
actually used by soldiers.

Another military project was started by 1984, this time by the Navy, to use a video game to teach
Morse Code (Driskell & Dwyer, 1984). This project also only made it through the prototyping phase.
The military’s view of games at the time was that they were not serious enough for military training,
though the problem seemed to be one of vocabulary only. This is illustrated by the Marines common
use of games under the name, Tactical Decision-making Simulations (TDS) since development of the
game Marine Doom in 1996 (P. Smith, 2005). Marine Doom is a modification (mod) of the popular first
person shooter game Doom, and was created by the Marine Corps Modeling and Simulation Manage-
ment Office (MCMSMO) developed for the training of Marine fire teams.

This prejudice against video games didn’t carry over to the common practice of table top War Gam-
ing, or the use of Flight Simulator Software on PC’s, which were sold as games to the rest of the world.
The military did not seem completely ready to embrace games for training until after DARPA created
DARWARS Ambush, a mod to the game Operation Flashpoint, which was followed up by the Army
creating TRADOC Capabilities Manager for Gaming (TCM Gaming) and deploying Virtual Battle Space
2 (VBS2) as one of many official Army Games in 2008. However this prejudice persisted after Serious
Games were well established outside of the department of defense. (R. Smith, 2009)

Paralleling the emergence of games in the military is the development of the ill fated Edutainment
market. In the early 1980s Edutainment games became an incredibly popular trend. These games, such
as “Where in the World is Carmen Sandiego,” “The Oregon Trail,” “Reader Rabbit,” “Math blaster,”
among many others flooded the market with games that contained some level of educational content.
Mizuko Ito described it as a time where the developers were empowered with a “sense that they were
creating possibilities for learning that freed it from the institutional constraints of schooling.” (Ito, 2006).

Edutainment games succeeded in capturing an audience, and establishing itself as an accepted part
of the games industry, however, they never quite got established as a credible form of education. Ito,
suggests that the reason behind this is that, “edutainment embodies the challenges which reformers face
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in creating new genres of representation and practice...” (Ito, 2006). However, the answer is much sim-
pler. In general the games did not achieve the dual goals of being good educational platforms while also
being good games. Edutainment, along with many of the other past attempts to develop learning games,
have largely been deemed failures. A sentiment best stated by Michael Zyda, the Director of the Game
Pipe Lab at USC, “The game industry has already witnessed the failure of edutainment, an awkward
combination of educational software lightly sprinkled with game-like interfaces and cute dialog. This
failure shows that story must come first and that research must focus on combining instruction with story
creation and the game development process.” (Zyda, 2005)

Clark C Apt’s book, Serious Games, was published in 1970 and represents the first recorded use of the
term Serious Games (Apt, 1970). The term Serious Games was not, however, an instant success. In the 30
years that followed, serious games had a few false starts on the road to becoming a main stream part of
the non-entertainment world, the most dramatic of these being in both the education and training arenas.

Clark C. Apt defined Serious Games as games that “have an explicit and carefully thought-out
educational purpose and are not intended to be played primarily for amusement” (Apt, 1970). Apt
wrote these words over thirty years before the founding of the SGI but his words are still relevant and
extremely close to the current definition that most game scholars adhere to for serious games. The one
inconsistency of his definition is that serious games have evolved to include more applications than just
education. Serious games are commonly defined as some derivation of a game designed for a primary
purpose other than pure entertainment. This definition is purposefully open ended in order to allow for
the diverse backgrounds of various serious game practitioners.

Mike Zyda, the Director of GamePipe at USC, defined serious games as: ““a mental contest, played
with a computer in accordance with specific rules that uses entertainment to further government or cor-
porate training, education, health, public policy, and strategic communication objectives” (Zyda, 2005).
His particular definition met his vision of what a serious game could be, but others whose application
of serious games do not fit into the categories defined were still searching for a definition. Further still,
many industries utilize gaming technology but do not explicitly create games with the technology, yet
have aligned themselves with the serious games movement.

In an effort to move towards a more open ended understanding of Serious Games, the term became
an umbrella term that encompassed the efforts underway, bringing all the groups working on Serious
Games under one unified vision. The Taxonomy of Serious Games (Table 1.) was presented at the Seri-
ous Games Summit (SGS) held at the 2008 Game Developers Conference (GDC). It defines the current
categories of games that have been developed by the Serious Games industry including, Games for Health,
Advergames, Games for Training, Games for Education, Games for Science and Research, Games for
Production, and Games as Work. It further cross references them with the industries that currently use
Serious Games. Further slides show the amount of development in each category, illustrating that most
of the work in the Serious Games Space was being done for education and training in both schools and
the military. (Sawyer, Smith, P., 2008)

The success of the Taxonomy as a reference for where the market had evolved did not, unfortunately,
meet the needs of everyone in the community. Debate on the appropriate categories continues. While
criticisms can be made of final categorization, the model persisted and it is commonly understood that
Serious Games cannot be defined as a single type of game or a particular field.
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Table 1. The Taxonomy of Serious Games

Games for Games for Games for Gan.nes for . Games as
Adver-Games o q Science Production
Health Training Education Work
Research
Public Health Data Public
Government & NGO Education & Political Emplgyee Inform Public Collection / Strgteglc & . DIPI(?maCy’
Mass Casualty Games Training . Policy Planning | Opinion
Planning
Response Research
Rehabilitation & Recruitment & Soldier/ School House Wargames / War planning Command
Defense Support . . & weapons
Wellness Propaganda o Education planning & Control
Training research
Public Trainin Games Public
Health Policy & for Patient Visualization Biotech Health
Cybertherapy / . Games . .
Healthcare . & Social Education & manufacturing Response
Exergaming for Health . . . . .
Awareness . and Disease Epidemiology & design Planning &
. Professionals .
Campaigns Management Logistics
Advertising,

. .. marketing .. ..
Marketmg &. Advertising with games, Product Use Product ) Opinion Machinima Opinion
Communication Treatment Information Research Research

product
placement
. Tram' teachers Computer P2P Learning Teaching
. Inform about Social Issue / Train . . .. .
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UNDERSTANDING SERIOUS GAMES THROUGH UNDERSTANDING GAMES

Despite the strides Serious Games have taken in recent years they are considered subpar as games by
many due to the lack of an established design methodology, general development guidelines, and un-
derprepared designers. Jacob Habgood of The University of Nottingham’s Learning Science Research
Institute labeled them to be “Chocolate-Covered Broccoli” due to their poor marriage of games and
learning (Habgood, 2005). His suggestion to solve this is a tighter integration between game mechanics
and the learning content or what he terms as Intrinsic Integration (Habgood, Ainsworth, & Benford,
2005). This is a sentiment shared by NavAir’s Dr. Robert Hays in his game based research literature
review (Hays, 2005).

Both Habgood and Hays understood that for good learning outcomes to occur gaming characteristics
or features needed to support instructional objectives completely. This of course means that learning
games need to go beyond the “lightly sprinkled... game-like interfaces and cute dialog” Zyda (2005) used
as a charge against edutainment. They need game mechanics that support both gameplay and learning at
the same time. Game mechanics are, “mechanisms through which players make meaningful choices and
arrive at a meaningful play experience” (Salen & Zimmerman, 2004). In a book written by Adams and
Dormans (2012), mechanics are referred to as feedback loops and some are specifically used to design
the internal economy of games to make them challenging. These economies are a basic exchange of
resources between player and system and can create deadlocks and mutual dependencies.
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In order to map these mechanics to learning outcomes it is important to understand what features
of games support what types of mechanics. Further in order to insure those games support learning it
is important to have an understanding of what features of games support what learning outcomes. By
mapping these features against each other, an understanding of how game mechanics map to learning
outcomes can be gained.

Features of Entertainment Games

Before being able to determine the features of games that lead to better learning, it is important to first
identify the features that fundamentally define a game. Unfortunately, there isn’t one agreed upon defini-
tion that everyone in the game industry uses. Further, the definitions that are used seem to vary widely.

Many definitions are far too simple to describe all games well. One of the most oft mentioned defini-
tions is Sid Meier’s declaration that, “A game is a series of interesting decisions.” (Bateman, 2008). While
this might be true of good strategy games, the type of games Meier is known for, this does not include
simple twitch or rhythm games, where the player is tasked with maintaining good timing but is limited
by the decisions they can make. The definition cited by Jane McGonigal, a well-known proponent of
gamification, in her book, Reality is Broken, is one by the philosopher Bernard Suits. He stated, “Playing
a game is the voluntary attempt to overcome unnecessary obstacles,” (McGonigal, 2011; Suits, 1978).
This definition, while open ended enough to justify gamification as a legitimate type of game, does not
provide enough details to even meet the features McGonigal suggests in her book, which include: goals,
rules, feedback, and voluntary participation (McGonigal, 2011). Though this set of features is already
flawed as many educational games are compulsory to courses.

The game designer whose games are most often cited when the question of what makes a game versus
a simulation is Will Wright. His games include SimCity, The Sims, and Spore, but he doesn’t consider
them games; he describes them as toys. “People call me a game designer, but I really like to think of
these things more as toys,” (Wright, 2007).

One of the earliest game scholars, Johan Huizinga, defined games in his book, Homo Ludins, as
“...afree activity standing quite consciously outside ordinary life as being not serious, but at the same
time absorbing the player intensely and utterly... according to fixed rules and in an orderly manner,”
(Huizinga, 1949). Jesper Juul provided a definition that attempted to encompass the various views one
could take on games. In doing so, he categorized definition in the categories of: the game as a formal
system, the player and the game, the game and the rest of the world, and other (Juul, 2003).

A good definition for those interested in Serious Games would consider a game as a formal system
that can be applied to learning. As such, the definition of games used moving forward here will be Katie
Salen and Eric Zimmerman’s definition provided in their book Rules of Play. Salen and Zimmerman,
like many other game researchers, developed their definition through a thorough analysis of various
definitions. In particular, they used a total of eight leading definitions that were suitably feature rich.
Three of these definitions have already been discussed; all of them are by leading games researchers
or designers themselves. By carefully comparing these definitions and analyzing their meaning, they
settled upon their definition and in doing so they have provided a workable framework for the features
that make a game. (Salen & Zimmerman, 2004)
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Using this framework as a guide, Salen and Zimmerman defined a game as: “A game is a system in
which players engage in an artificial conflict, defined by rules, that results in a quantifiable outcome.”
(Salen & Zimmerman, 2004). Using this definition, a game can be broken up into the following set of
core features: System, Players, Conflict, Rules/Goals, Outcomes, and the Artificial.

Features of Serious Games

Learning games at their core can and should be considered games, and as games they should exhibit
the same features of games that define games themselves. Therefore determining a list of features that
defines learning games is a redundant process. The interesting task is in determining the features of
games that support learning.

In a comprehensive review of over 41 papers performed in 2009, researchers identified over a dozen
features of games that would support learning (Wilson et al., 2009). Upon closer inspection of the data
provided, some features overlap with each other. Others are along considered features of games by a
miniscule fraction of the 41 researchers. As seen in Figure 1, over 27 researchers found challenge to be
an important feature for learning in games, while only 3 suggest location is important. For this research,
only features agreed upon by 10 or more researchers will be considered agreed upon features. Further,
overlapping features will be combined.

In particular, the feature of interaction, or the ability for the player to interact with the game, will be
combined with control. Control is the ability for the player to maintain control of the flow of the game,
an activity accomplished through interaction.

Figure 1. A Comparison of Game Features Supporting Learning

location
language/communicati...
pieces of players
safety

adaptation
progress/surprise

conflict

representation
mystery
interaction

rules/goals

fantasy
assessment
sensori stimuli
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Another overarching feature of games is their aesthetic feel. This feature is represented by mystery,
fantasy, representation, and sensory stimuli. The Aesthetics determine if a game provides a mystery to
unravel, if the game is fantasy-based or based in realistic representation of reality, and they are responsible
for the type and form of sensory stimuli provided to the player. Once repeated features are consolidated
and fringe features are removed we are left with the following list: Interaction, Challenge, Rules/Goals,
Assessment, and Aesthetics.

Complementary Features

The list of features that game designers have determined to define games share a remarkable level of
overlap with the list of features learning games researchers determined support learning.

Interaction / Players

Interaction is a key feature of games. Games are to be played by players, not observed or reported on.
Interaction is sometimes defined by the players themselves, “Players interact with the system of a game
in order to experience the play of the game” (Salen & Zimmerman, 2004). Other times it is defined
through the type of hardware, such as a game controller, or mouse and keyboard combinations. Interac-
tion can occur in many ways, and through many mechanisms. The interaction and control of a game is
often dependent on the core game mechanic of physics where it is “used to test the player’s dexterity,
timing and accuracy,” (Adams and Dormans, 2012). Thus, the most efficient controller to use would be
one with the fastest and most reliable feedback between player and game objects.

Challenge / Conflict

“All games embody a contest of powers. The contest can take many forms, from cooperation to competi-
tion, from solo conflict with a game system to multiplayer social conflict. Conflict is central to games”
(Salen & Zimmerman, 2004). While Salen & Zimmerman prefer to call it conflict, they have captured
the essence of what this research will refer to as challenge. Challenge can be cooperative, competitive,
or individualistic. It can also be a combination of any of the three. For example team versus team chal-
lenge has competition with inter team competition. Highly competitive E-sports are prime examples of
how games can implement the concept of competition.

Rules/Goals / Rules

Wilson coupled the terms rules and goals into a single feature, while Salen & Zimmerman refer to only
rules. “Rules provide the structure out of which play emerges, by delimiting what the player can and can-
not do” (Salen & Zimmerman, 2004). They instead associate goals with outcomes. Goals in particular
are difficult to separate from other features, and are possibly their own feature.

Assessment / Outcomes

“Games have a quantifiable goal or outcome. At the conclusion of a game, a player has either won, lost,

or received some kind of numerical score” (Salen & Zimmerman, 2004). Games must provide feedback
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to the player in the form of an assessment or outcome. While the assessment might not be explicit to
the player in all games, the game must provide the appropriate outcome based on the performance of
the player in the game.

Aesthetics / Artificial

“Games maintain a boundary from so-called “real life” in both time and space” (Salen & Zimmerman,
2004). Games provide aesthetics to the player. This might be fantasy or reality based. It might mean a
deep storyline filled with interesting plot twists or it might mean a simple song and falling blocks. While
the Aesthetic is important, it can vary widely between games and can be manipulated using different
gaming mediums, such as 2D vs. 3D, and Virtual Reality

Disparate Features

All five of the core features identified by learning games researchers have direct definitional overlap
with features that game designers identified. The one feature game designers identified that learning
games researchers did not is the concept of a system.

Salen & Zimmerman use a definition of system that is taken from Stephen W. Littlejohn, and include
4 defining elements. They are objects, attributes, internal relationships, and environment (Littlejohn
& Foss, 2007; Salen & Zimmerman, 2004). Using this definition, Salen & Zimmerman further define
systems as simulations (2004). The system is the core structure of a game. It determines how the envi-
ronment works and what types of objects can operate within it. When other features are applied to it the
game becomes fully formed. This is important when considering the game versus simulation debate. It
is easy to imagine that a game is a simulation with others gaming features added to it. This, however,
is not the case.

In his 2010 keynote address to the GameTech Conference, Will Wright defined his particular types
of games as toys. These toys, SimCity, The Sims, Spore, among others, are commonly used to frame
the argument between what is a game and what is a simulation. Will Wright further stated that his toys
exist as a constrainment of freeform play, and if they were constrained more they could be considered
games. He did not want to constrain them with preformed goals, outcomes, or challenges (Wright, 2010).
Taking a similar approach to the space of modeling and simulation one could consider a constructive
simulation as a constrainment of the space, but a simulation still provides a level of freeform use that
makes it similar to how Will Wright refers to toys in the space of play. Simulations need a facilitator to
add goals, outcomes, and challenges to the exercise. Further constraining a simulation by introducing
gaming features may in fact result in a Serious Game.

FUTURE RESEARCH DIRECTIONS

Future research in Serious Games should focus on how the design of Serious Games can be used to
improve learning outcomes. While research has focused on various features of Serious Games new
developers have emerged that are building very personal and informational games that combine the
power of well-designed good games and a personal passion for the topic that the game covers. These
games are often made for entertainment purposes and happen to be very effective serious games. These
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include Dys4ia, That Dragon Cancer, Tampon Run, and countless others, that cover incredibly complex
and sensitive topics in new ways. The future of Serious Games may be found in the design of personal
stories that explore both education and game design from much more personal view.

CONCLUSION

Current research in Serious Games has focused on exploring how the features of Serious Games effect
learning outcomes. Serious Games have been found to outshine other forms of educational technology in
engagement, motivation, goal orientation, and many other categories, but only when properly designed.
It is important to determine if narrative can improve learning outcomes, or time on task, and this work is
happening. With an understanding of how gaming features work, serious game developers can build best
practices and develop even more effective and engaging games. More importantly more game designers
are exploring the power of Serious Games and more great examples exist every day.
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KEY TERMS AND DEFINITIONS

Edutainment: A name given to games developed during a briefly successful attempt to popularize
educational games in the 80s.

Game: A game is a system in which players engage in an artificial conflict, defined by rules, that
results in a quantifiable outcome” (Salen & Zimmerman, 2004).

Game Feature: An underlying component that defines what a game is.

Games For Change: Games with the primary goal of social change.

Learning Games: Games with the primary goal of education or training.

Serious Games: An umbrella term referring to any game developed for a non-entertainment based
purpose.

Tactical Decision-Making Simulation: A term used by the marines to denote a Serious Game.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3327-3336, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

Game-based learning (GBL) has dominantly become an emerging teaching industry in 21st century. To
provide an effective development of educational games (EG) with assurance of effectiveness, modelling
and design methods are highlighted. To model EG, game developers must understand existing elements’
interaction and relationships. The elements of EG have been documented in literature;, however, the
relationships are not well documented. Hence, this research has established these relationships by con-
ducting a literature survey and identifying the relationships between different elements. Consequently,
they are validated by eight game-based learning experts via qualitative methods and the validation
results are interpreted using the hermeneutics method of the interpretivism paradigm. In this chapter,
the authors present the relationships that they found most crucial to validate since they have the least
literature evidence. With the relationships identified and documented, game developers will have better
understanding of the interaction between each element and can produce better models of EG.
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INTRODUCTION

The use of game-based learning (GBL) as a common medium for educational deliverance, as opposed
to pure entertainment, has gained immense popularity in recent years. Main attention has recently been
diverted towards the impact of gaining knowledge, engaging, and motivating learners through playing
educational games (Azadegan et al., 2014; Romero, 2015). Game-based learning (GBL) is an act of
appropriate game mechanics, scenario recreation, and problem oriented learning processes to ensure
learning objective is accomplished (Poulsen, 2011). Designers and developers need to enhance the edu-
cational tools by integrating game domains and elements to maximize the tools’ effectiveness, hence,
increase learning outcomes, level of engagement and motivation. To understand the link between multiple
domains and elements of GBL, there is a need to fit multiple widely known instructional approaches
with experts such as game designers, developers, educators, and software engineers.

For GBL development process to be effective and reliable, it is vital to provide emphasis on involv-
ing theoretical foundations with game rules, and fun with authentic learning for leaners, thus, providing
an precise base for learners to gain knowledge (Hays, 2005; Kebritchi & Hirumi, 2008). The innovative
learning approach derived from EG possess educational values or even different kinds of software ap-
plications that compiles into knowledgeable aspects such as teaching enhancement, assessments and
evaluation of learners (Tang & Hanneghan, 2010). Nevertheless, game technologies are specifically used
for accessibility of simulated and modelling environments and visualization.

Educational games are designed through a process of modelling, depending on diverse criteria such
as how one element can relate to another element or types of domains used in EG. When the game de-
velopers initiate the development of EG, challenges occurs in terms of planning from gathered require-
ments, verifying, and cross-check to ensure several possibilities occurrence. This is due to a mixture
of pedagogical, educational, and fun elements needed to be collaborated accurately. Furthermore, an
effectually designed pre-model unfolding the relationships amongst game elements, and their domains
is highly recommended. Therefore, a modelling technique is needed to conceptualise the elements/
components in the EG and provide a holistic idea based on how domains and their related components
can be modelled to provide a promising modelling and developing process.

The objective of this chapter is to study the relationships among EG elements in order to provide
game developers, software engineers, and game designers; a medium of understanding connections,
interrelations, and interactions between game elements and game domains. Furthermore, they should
be able to map the relationships to model out an effective educational games during developing process.

BACKGROUND

This section mainly explains how the evaluation and modelling strategies adopted or proposed in design-
ing of EG to provide a unified modelling techniques during development process of EG.

EG Evaluation and Modelling Languages
GBL evaluationis carried out to ensure design quality (Di Loreto & Gouaich, 2010), identify usage(Djelil,

Sanchez, Albouy-Kissi, Lavest, & Albouy-Kissi, 2014), and verify instructional outcomes(Casey,
Baghaei, & Nand, 2014). However, the complex nature of GBL is not well-structured (Djelil et al., 2014).
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Certainly, the evaluation has to undergo a definitive number of steps to measure variables and provide
appropriate analysis of these variables. Although not all evaluations provide coherent results (Annetta
et al., 2013; Von Wangenheim, Thiry, & Kochanski, 2009), a few existing methods for data collection
and analysis have proven their efficiency and reliability in practice. Even though, the evaluation of EG
is time consuming and complex; it is the only reliable aspect to verify the goals and detect malfunctions
throughout the EG. Therefore, a learning game ought to be evaluated prior to being used as a learning
material (Djelil et al., 2014). A recent study implements a six-phase methodology, HEXA-GBL, for
designing and evaluating GBL activities from learner centered perspective (Romero, 2015). The phases
are: 1) game design activity, 2) learning objectives definition, 3) the learner-centered need analysis, and
the definition of the game modalities, 4) mechanics and rules, 5) the play activity evaluation from the
learning outcomes, assessment and feedback, and 6) learners’ gaming and learning experience during
the GBL activity. While overcoming the barriers of GBL costs and focusing on game mechanics, HEXA-
GBL also prioritized the educators to operationalize with adapting processes.

Modelling processes can be a powerful ‘tool’ to boost student’s perceptive activities, hence, refin-
ing their scientific conceptual minds (de Jong & van Joolingen, 2008). A recent and a wide range of
discussion of a potential value using model-driven engineering (MDE) approaches for EG has been
recorded(Dormans, 2012; France & Rumpe, 2007). Furthermore, UML-based game specifications such
as Statecharts(Sauer & Engels, 2001); offer a rigorous state machine foundation, which may be difficult
to use for some stakeholders (e.g., game designers). With respect to GBL, MDE can provide an envi-
ronment for domain experts to produce EG via modelling without upsetting the sophistication of game
development process. Moreover, it provides an increased productivity value, portability among different
platforms, an easier software maintenance, reliability of mapping from model to code, and minimized
modelling error (Kelly & Tolvanen, 2008).

Game designers experienced in using Storyboards prefer using tabular Use Case (UC) method
(MDE) due to the similarity of presentation (Truong, Hayes, & Abowd, 2006); as it is understood,
well-established, maintainable, and straightforward to define. A recent research used MDE to integrate
elements of game design, pedagogical content, and software engineering methodologies to provide a
storyboard with textual description of the learning objectives and game play to user interfaces. Due to
iterative development process, it transforms the model into UML UC model (visual and tabular based
specifications (Stevens, 2002)), then, it converts it into formal model which can then be executable
(Cooper, Nasr, & Longstreet, 2014). Although Cooper et.al, provides various modelling techniques are
used in this approach, the need of a complete new solution is not evident.

In game development field, the use of software frameworks and tools are usual practice among
professional (commercial) game developers. Another modelling technique, namely, Model Driven Ar-
chitecture (MDA)(Miller & Mukerji, 2001), has also been implemented in Domain-Driven Software
Development Framework (Agrawal, Karsai, & Lédeczi, 2003) and Modelling Turnpike (Wada, Suzuki,
& Oba, 2005). These frameworks aid software architects to develop their own MDE to suit a particular
domain (security, content repurposing, software testing, and pervasive computing). Although current
tools improve the productivity of the development team while providing maximum control and flexibility
to artistically craft the game software, the production pipeline is still very reliant on specialist artists
and programmers. This therefore presents a practical solution to assist non-technical domain experts in
the production of serious games.
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Educational Game Design Frameworks and Models

There has been quite a number of models and frameworks proposed by researchers in developing, mod-
elling and designing EG. Game Object Model II (GOM II) describes relationships containing various
elements of EG interfaces by using Object Oriented Programming to provide a constructive way of
achieving theoretical and pedagogical goals in designing EG (Amory, 2007). However, GOM II does
not represent how the relationship between game elements develops over time, and its diagram can
become complex and difficult to understand. Another model, Mechanics-Game Mechanics (LM-GM)
model provides a graphical representation of game flow to establish relationships among components
which translates pedagogical learning mechanics into game mechanics (Arnab et al., 2015). Although
it identifies abstract patterns and predefined elements to be replicated across EG, it does not expose the
connection with the educational objectives to allow sustainable mechanics.

A recent model proposed with seven steps to identify attributes with specific roles and steps to each
expert including cognitive and pedagogical experts, storyboard writers, artistic directors, actors, graphic
designers, sound managers, etc. (Marfisi-Schottman, George, & Tarpin-Bernard, 2010). However, it is
sequential based and they do not easily fit into an iterative design. Another game-based learning frame-
work works as an evaluation tool for designers by adopting instructional and cognitive approaches in
designing process to map out existing games (van Staalduinen & de Freitas, 2010). This approach is
beneficial for repurposing game content and providing scalable immersive game content, however, more
work is needed to assess the validating of game-design strategies such as links between components
and consistency.

When model-driven approaches (MDA) are used in developing process of EG, there are benefits
and challenges at all aspects (Sauer & Engels, 2001). A Model-Driven Game Development Approach
(Reyno & Cubel, 2008) introduces a framework which uses the selection of UML diagrams to gather
requirements into Class Diagrams which is then extended to model the relationships between different
game entities and their behavior through the game actions. Another framework based on MDA (Altunbay,
Metin, & Cetinkaya, 2009) uses UML Class Diagrams as the modelling language to represent the game
model with the combination of languages such as Meta-model with UML Class Diagram and Domain-
specific language. All the three frameworks based on MDA have similarities in terms of modelling but
they differ in terms of how non-technical domain expert can deal with the modelling languages used.
With regards to that concern, MDA based framework (Tang & Hanneghan, 2010) designed to help non-
technical domain experts in producing EG. Although the gap of non-technical experts is covered and
the creation of game models can be represented, a challenge of having defined and explicit model while
maintaining the consistency is an overlapping issue.

Another way to design EG is by providing a language using Design Patterns based on the Six Facets
of Serious Game Design, namely, pedagogical objectives, domain simulations, interactions with the
simulation, problems and progressions, decorum, and conditions of use (Marne, Wisdom, Huynh-Kim-
Bang, & Labat, 2012). This way, the game designers and teachers can easily relate to join the purpose of
developing EG as they will communicate their ideas thoroughly. In contrast, the Educational Computer
Game Design Model was proposed with game design components as Learn and Play, so that a balanced
integration can construct good EG design (Osman & Bakar, 2012). Another author provided a conceptual
framework for adapting collaborative multiplayer games by adopting the concept of multiplayer games
and gameplay design principles (Sinkewicz, 2015). First, it is built on an existing model of players to
provide insights of the audience, then, it develops a typology of gameplay themes to help designers
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with conceptualizing actions on the screen. Finally, it provides a framework with five main game design
components, namely, learning objectives, story, 3D world, gameplay, and evaluation.

Recently, a framework is proposed for a blended learning environment to enhance learning outcomes
and to provide a valuable strategy to facilitate both lecturers and students to obtain better educational
knowledge (Jing, Yue, & Murugesan, 2015). Although it has proven a positive learning outcome, there
is a need of more research work that can validate the learning-driven game design strategy. In contrast,
an Activity Theory-based Model of Serious Games is proposed to provide a way to reason about the
relationships between serious game components and the educational goals of the game it includes gam-
ing activity, learning activity, and the instructional activity (Arnab et al., 2015). The model explicitly
accounts for the distinction between designer and instructor, therefore, the clarification of the role of the
teacher/instructor in the game is needed. The game sequence representation follows the unified modeling
language (UML) activity diagrams notation, which uses the shapes connected by arrows to represent the
flow of the activities(Kiihn, 2015).

MAIN FOCUS OF THE CHAPTER
Issues, Controversies, Problems

The gap between game design and educational design has become evident that to optimize the learn-
ing from serious games, pedagogical experts should be actively involved in the development process
(Arnab et al., 2015). The experts involved in a development process is highlighted many times. It is a
challenged and substantial to ensure that collaboration between game-based learning experts, theoreti-
cal experts, game designers teachers, learners, developers, and non-technical domain experts occurs.
The sophistication in terms of popularity and budged of creating EG by scratch demands high level of
production process is also challenging to researchers and game developers. Due to lack of infrastructure
capabilities including hardware and software requirements, theoretical aspects in terms of pedagogical
and instructional aspects are also very crucial in designing and development process. The game industry
needs to insure that integrating an instructor in an EG can provide a useful feedback to users at a run-
time significance(Sinkewicz, 2015).

Modelling and developing effective EG needs to have a clear understanding of what the desired
learning outcomes are and to establish a transparent mapping amongst (Hainey, Connolly, Stansfield,
& Boyle, 2011). To understand that, research methods and statistics are broad-ranging, complex, and
interconnected with logical and scientific reasoning, understanding different representations of data, data
analysis, interpretation of results and evaluation skills (Boyle et al., 2014). It is barely the case where
domains such as game play, game environment, subject-matter, and learning theories interaction has
been discussed in order to provide a holistic view of a particular game element. Mostly, the literature
uses vaguely spread game elements that cover large number of relationships and domains.

The GBL and its diverse dimensions and characteristics makes it difficult to evaluate and model.
However, evaluation remains the only way to verify if the educational targets are being achieved and to
detect any functional vulnerability inside the learning game. If the gaps between EG community and
industry, and between academia and industry is bridged, the game development efforts could benefit
all communities, including industry (Arnab et al., 2015; Azadegan et al., 2014). Although evaluation
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process can be costly, there should be a pre-modelling strategy which can allow developer or designer to
model out the elements and related elements, as well as domains that should be involved in EG actively.

SOLUTIONS AND RECOMMENDATIONS

Initially, a multi-domain framework was proposed as a result of systematic literature review (SLR)
(Ahmad, Ab Rahim, Arshad, & Mehat, 2016). In SLR, there were fifteen (15) existing frameworks and
models, game design elements/components, domains, learning theories and subject-matter aspects were
understood(Ahmad, Rahim, & Arshad, 2015). Systematic literature review (SLR) is a method adopted
for characterizing frameworks; hence, five (5) steps proposed by (Khan, Kunz, Kleijnen, & Antes, 2003)
has assisted in proposing the multi-domain framework are briefly shown in Figure 1. Figure 2 shows the
multi-domain framework, which is composed of four major domains: (1) Game environment (GE), (2)
Game play (GP), (3) Learning Theories (LT), and (4) Subject-matter (SM). Each domain is composed
of game components categorized according to the domain’s definition.

With reference to the proposed framework, this paper discusses implicit relationships which are not
supported by literature and they are not explicitly mentioned. Therefore, the selected twenty-seven (27)
relationships are mapped upon the four domains to be validated by game-based learning experts. The
Table 1 shows the implicit twenty-seven (27) relationships statements with highlighted game components
from framework.

The extraction of relationships was obtained by using the NVIVO software to ‘code’ the text in lit-
erature that contain the EG elements and domains. Using the coding technique through the paragraphs
analyzed; provided discern sentences that explain the implicit relationships between elements and domains.

In validation process, the authors conducted eight (8) qualitative interviews with game-based learn-
ing experts (GBLe) who are highly experienced with this area of study. The interviews were transcribed
and coded into NVIVO software to understand the emergence of new “nodes” in each relationship. This
article discusses all four (4) domains as the major themes and its relationships as sub-themes. Each
relationship has its components and those components are the existing “nodes” (highlighted as bold).

Each relationship is discussed by applying interpretive hermeneutic approach of qualitative study.
Interpretive hermeneutic method is associated to interpretivism philosophical perspective of qualitative
study, allowing understanding of in-depth experience of experts and self-reflexive for a constructive
interpretation (Kafle, 2011).

Figure 1. Five major steps to provide an effective systematic literature review

Step 1: Framing the | Structured Questions
I The Interventions or Exposures |
Review The Study Designs |

(SLR) Step 3: Assessing Study Quality k Design threshold for study

selections adequate The Outcomes

Quality assessment of safety studies |

1 Step 4: Summarizing the Evidence |

Systematic
L)i’terature A Step 2: Identifying Relevant Publications

1 Step 5: Interpreting |
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Figure 2. The Multi-domain framework for modelling educational games
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Results and Discussions

There were 216 feedbacks collected from eight GBLe during the interview session. The interpretations
are presented with interpretive paradigm expectation, combining components suggested by GBLe and
author’s understanding towards the relevancy with domains of framework. Hence, this self-reflection
aspect is the goal of hermeneutic method and interpretivism paradigm approach. Due to limitation of
word count, the authors have discussed three relationships to provide the reader with an understanding
of interpretations.

e  Relationship: 16. GBLe highly agreed that interactive learning environment should have the
components, namely, instructional messages, pedagogy and story, and less load towards learner’s
memory. Furthermore, multimedia environment elements such as sound, graphics and animation
should also be integrated. When this occurs, there are fifteen (15) learning theories suggested
to be integrated within this environment, i.e. motivational learning (behaviorism, collaborative
learning, cooperative learning, guidance theory, intrinsically rewarded, social constructivism),
cognitive, cognitive apprenticeship, constructivist learning, contextual thinking, experiential
learning, problem solving, bloom’s taxonomy, creative thinking, innovating thinking, and criti-
cal thinking. Since it plays a role in cognitive, the player’s thinking and memory is also related to
this concept. Moreover, it involves cognitive (knowledge), affective (attitudinal) and psychomotor

171

EBSCChost - printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



Towards Modelling Effective Educational Games Using Multi-Domain Framework

Table 1. The explicit relationships on the four domains and their elements.

# Relationship Statement

| Flow Experience includes sense of control over activity, time distortion, increase learning, increased exploratory
' behavior, positive effect, and acceptance of technology.

2. Players can be allowed to change game play to improve their performance and reach goals.

3 Combining game play and narrative context provides cognitive resources, immersion, engagement, and perception
' patterns of narrative.

4 If the difficulty level of a task in a game increases step-wise, the player forms knowledge and strategies, hence, reduces
’ frustration.

5 Restorative narrative structure include story realistic environment, sounds, and back story flashbacks where character
' or player talks to game directly.

6 A game should have pedagogical foundations and proven educational practices such as fun and engagement to meet
’ expectations of producers and consumers.

7 Well-designed games expose learners to complex tasks, predesigned narrative content, story and has the ability to
' interact with others.

8. Educational games have new concepts and logical learning progressions to provide set of skills and knowledge.

9 Social capital has structural dimensions which has the patterns of social interactions between actors. Social learning
’ involves observation, imitation, and modeling.

10. The content of the games reflects the problem. Content transfer outside the games tends to be limited and low level.

11. Educational games have explicit knowledge and conversation for learners.

12 Simulated environments are integral part of learning, supports intellectual development, and it has recursive cycle
’ learning.

13 Multi-player role playing games support problem-based learning and visualization of their actions to solve the
’ challenges.

14. Games should have emotive environment, role models and challenges.

15. Educational games should be gender-inclusive.

16 Interactive learning environment can be evolves instructional messages, pedagogy and story to minimize chance of
’ overloading the learner’s cognitive system.

17 Cognitive apprenticeship involves authentic practices. Authentic practice is a combination of activity and social
’ interaction.

18. Learner’s construct learning in EG with the aid of visual and verbal representation occurring parallel to their memory.

19 Behaviorism allows the change in behavior of player and change in environment shape to encourage learners in
’ understanding concepts. Attribution theory allows observing and explaining the cause of event changed.

20 Social constructivist approach in multi-player games involves interaction between players and social construction of
’ knowledge.

2 Cognitive load theory guides the design of multimedia learning environment and it has instructional messages
’ embedded to help avoid overloading memory of learning.

22 Cognitive load optimization can be achieved with less irrelevant multimedia elements.

23 Learners experiencing bad usability in task flow, eventually sacrifice attention and cognitive activity due to limitation of
’ working memory capacity.

24. Scaffolding can be combined with graphical presentations to lower player’s cognitive load.

25 Problem solving skill is also known as discovery learning, increases in and across games but it is difficult to use it outside
’ the game.

26. To ensure the player’s behavior does not change in the gaming world, adaptive features should be transparent.

27. Game play, game environment, subject-matter and learning theories are important in educational games.
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(skills) domains in taxonomy, which works concurrently with respect to learner’s playing games.
Finally, this relationship is not amended and it involves components from GE, and GP domain.

e  Relationship: 25. GBLe greatly supported with new suggestions to it. The problem-solving meth-
ods are implemented in EG as assignments or activities; which can be applied in real life as the
learners adapt innovative approaches, logical situations, and appropriate knowledge selection to
overcome the problem outside. Two emerging nodes were the way the knowledge is transferred
inside and outside of EG. “Transfer’ is defined as the process of knowledge/skills acquired in one
context in a new or varied context. Transfer is divided into a few types in which the knowledge
context can be changed. Low road transfer (also known as reflexive transfer), involves the trig-
gering of well-designed routines by stimulus conditions similar to learning context. High road
transfer (mindful transfer) involves a deliberate amount of effortful abstraction and searches for
connections. Moreover, another expert mentions about CPS factors (Creative Problem Solving);
a mental state, problem reframing, multiple idea facilitation, and inducing change of perspective.
The relationship is not amended and it involves the components from SM and LT domain.

Verifying the framework domain selection, one question involved all four domains. To ensure cor-
rect adoption of those domains, validation was scaled from 1 to 10 (1 as lowest and 10 as highest). The
importance to collaborate game plays (GP), game environment (GE), subject-matter (SM) and learning
theories (LT) in educational games.

Relationship statement: 27. “I would give 10, because this is what makes an ordinary game differ-
ent as compared to the educational game. Because in EG, we have certain learning outcomes that we
need to achieve and in order to achieve the learning outcomes, we need to make sure that the learning
environment has been taken care of in such a way. For example, the interactive natures of the game and
also certain learning theories have been inserted in the game. And then, of course we need to have the
expertise of subject-matter expert because we need to tailor the game, you know, for each and every
subject. Okay, therefore I think this is very important all together and this must be considered in the
educational games.” (Game-based Learning Expert’s Opinion)

FUTURE RESEARCH DIRECTIONS

Modeling language for the behaviors of educational game is to our knowledge not available. Another
field that may be of benefit to educational game development is model-based testing (MBT). MBT is
a method to improve the testing process of software by referring to the models for guidance (Hemmati,
Arcuri, & Briand, 2013; Timmer, Brinksma, & Stoelinga, 2011). Verifying effectiveness of the game
has been explored many times (Omar & Jaafar, 2010) and the most common method is a combination
of acceptance testing and quantitative/qualitative research methods. Other methods such as unit testing,
white-box testing and verification using models are yet to be well known.

Further research can also be performed on using Model-Driven Engineering (MDE) (Tang & Han-
neghan, 2011) in development of EGs; where, 1) modelling languages can be used at different level of
modelling from requirements to detailed design, 2) model for traceability from requirements to code,
and 3) verification of educational games effectiveness from models.
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CONCLUSION

This chapter has discussed various types of existing frameworks and models which aid in developing EGs.
Due to lack in explicit relationships amongst game components and vaguely spread elements, itis difficult
to examine the importance and relevancy with other game domains. Therefore, this chapter proposes a
multi-domain framework and twenty-seven explicit relationships involving four major domains, game
play, game environment, subject-matter, and learning theories. To verify those relationships, interviews
with game-based learning experts were collected. Due to their expertise in areas of teaching, game play,
environments, and theoretical aspects of EG, it was an informative data collection. The interviews were
interpreted using interpretivism paradigm and hermeneutics method is used to illustrate each relation-
ship in context with the four domains. Finally, this chapters provides an insight on how the modelling
of an existing EG or a new EG can be done by understanding different elements and their relations with
other elements and domains of game to thoroughly understand the theoretical and practical concepts of
EG before implementation.
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KEY TERMS AND DEFINITIONS

Bloom’s Taxonomy: it is known as a multi-tiered model of classifying thinking according to six
cognitive levels of complexity.

Game Environment: A dimension which collaborates game rules, objectives, subject, and theoreti-
cal aspects together as a whole to provide an interactive flow of activity.

Game Play: This is where the rules and regulations of EG.

Hermeneutic Circle: The iterative process of interpretation, reflective writing, and reading to provide
the details of the whole phenomenon discussed.

Hermeneutics Method: An interpretive and concentrated research on historical meanings of experi-
ence and their developmental and cumulative effects on individual and social levels. Iteratively taking
parts of interdependent meaning and the whole of their formation to achieve understanding.

Interpretivism: The belief in multiple observations of reality, subjective and socially constructed
through language, consciousness and shared meaning.

Model-Driven Engineering: A software development approach, focusing on creation of models that
represents the system-under-study (SUS) and subsequent generation of fully-working software artefacts
from these models.

Subject-Matter: The teacher/learner and the subject embedded in the EG.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 3337-3347, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 15

Mobile Testing System for
Developing Language Skills

Svetlana Titova
Far Eastern Federal University, Russia

ABSTRACT

This chapterinvestigates the pedagogicalimpact of both the mobile testing system PeLe and enquiry-
basedapproachonlanguageskillsdevelopmentinthe contextof mobile-assistedlanguagelearning.The
studyaimstoworkoutamethodological frameworkfor PeLeimplementationintolanguage classroom
throughimmediate feedbackandformative assessment.Theframework was developed and pilot tested
in a joint research project MobilL by EFL teachers at Lomonosov Moscow State University (Russia)
and University College HiST (Norway).The analysis based on quantitative research datademonstrated
that PeLe-supported language classes resulted in language skill gains. The qualitative data analysis
highlighted the positive effect of mobile formative assessmentand of post-testactivities onlearner mo-
tivationand collaboration skills. This study suggests that the use of technology was effectiveinengaging
students in enquiry-based tasks to cultivate collaboration.

INTRODUCTION

Recentresearchdemonstrated thatlanguage skills can be enhanced through mobile technologies that
transformed drastically foreignlanguagelearning/teaching experience offeringimmediate diagnosis of
learning problemsand design of new assessment models (Cooney & Keogh, 2007); creating mobile net-
working collaboration (Lan, Sung & Chang, 2007; Pemberton, Winter & Fallahkhair, 2010), enhancing
autonomy (Murphy, Bollen & Langdon, 2012); providing instant feedback and a personalized learning
experience (Voelkel & Bennett, 2013; Oberg & Daniels, 2013); enabling teachers to create new formats
of problem-solving tasks based on augmented reality (Cook, 2010; Driver, 2012).

But in spite of the plethora of research in the area of mobile learning, it challenges instructors to
examine how the pedagogical potential provided by mobile technologiesrelates to their teachingaims,
methods,and subject matterbecause thereisnotyet consistent MALL methodology.Thereisaneed for
anew educationalframeworkformobile testingappsimplementation aimed atdeveloping learner skills
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rather than just assessing learner knowledge. The hypothesis to guide the framework of this research
includesenquiry-basedlearningpedagogyandeducationalopportunitiesprovidedbyubiquitousdevices
suchasinteractivityandimmediate feedback.This study supported by both current m-learning theory
and enquiry-based approach focuses on working out a methodological framework for mobile testing
system implementation into the language classroom.

BACKGROUND

Today teachers who would like to meet the expectations of a new generation of mobile natives need
tofollowatransformationalapproach (Puentedura, 2011) to the development of language skills based
on creative use of mobile technologies within the learner-oriented environment. The main prerequisite
of this environment functioning is collaborative peer-learning approach.The social framework, learn-
ers' expertise, and cultural practices are gaining importance, the role of the devices is becoming less
important. Mobility is no longer defined through the devices, but through“the learners’abilities to act
flexibly in ever changing and self-constructed learning contexts”(Seipold, 2011, p.32). Seipold argues
thatonly if teachers provide spaces to learners to act according to their interests, agency, and cultural
practices, innovative use of the devices can be discovered by learners (2011).

The research framework s also based on Mishra and Koehler’s model forimplementing new tech-
nologies into teaching - Technological Pedagogical Content Knowledge (TPCK)(2006). This approach
suggests teachers should be aiming to reach a point where their traditional content and pedagogical
knowledgeisenhanced bytechnological knowledge. According toTPCK framework, a new tool comple-
ments teachers’knowledge and skills. This theoretical perspective suggests thatlearningis affected and
modified by the tools employed foritand that reciprocally these tools are adjusted in the way they are
used for learning. As Stockwell and Hubbard argue:“Let the language learning taskfit the technology
and environment, and let the technology and environment fit the task” (2013, p.9). The Substitution
Augmentation Modification Redefinition model developed by Puentedura (2011) can be used as a
complement to TPCK. According to this model the use of new tech tools in education may lead either
totheenhancementofeducation (augmentation and substitution phases) orto thereal transformation
(redefinition and modification phases). Redefinition is the highest transformation phase which allows
foracompletely new format of tasks and activities that were previously impossible. This approach also
offers a perspective in which the pedagogical considerations shape the design of mobile learning.

Otherimportant theories that have been influential to work out the framework of this research are
enquiry-based learning and behaviorist approach. Many researchers today highlight social aspects of
mobiletechnologies proposing complexstructures of m-learning pedagogy built onVygotsky's hypoth-
esisabout theimportance of discussions in an educational context (Sharples, Taylor, &Vavoula, 2007).
Enquiry-based learningis a shift away from passive methods to the problem-based methods through
which students are expected to construct their own knowledge and understandings by taking partin
supported processes of enquiry (Kahn & O'Rourke, 2005).

Danaher,Gururajan,andHafeez-Baig(2009) proposethem-learningstructurebasedonthreeprinciples:
engagement, presence, and flexibility. Presenceis characterized asaninteraction whichis sub-divided
into three types: cognitive, social and teaching. Kearney, Schuck, Burden and Aubusson (2012) argue
thatthe main constituents of m-learning pedagogy are personalization, authenticity,and collaboration.
Mobile technologies enableinstructors to create collaboration environment that motivates students to
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learnforthemselves, bringingaresearch-based approachtothesubject.Thisinteractive,“dialogicmodels
of learning are similar to the processes of participation in research” (Sambell, 2010, 56).

Ubiquitousaccesstoinformationviamobile devices potentially enablesaparadigmaticshiftineduca-
tion,itchangesthe way classesare managedand theinstructor’srole (Beatty, 2004). Kahnand O'Rourke
(2005) argue thatenquiry-based learning encourages studentsto seekoutnew evidence forthemselves
andsupportpeerlearningapproach.Thisapproachimpliesa principal changein the paradigm of teach-
ing due to the fact that mobile devices effectively“act as accelerators of the social discourse” (DeGani,
Martin, Stead, & Wade, 2010, p.181).

THE PEDAGOGICAL POTENTIAL OF THE MOBILE TESTING
SYSTEM PELE TO ENHANCE LANGUAGE LEARNING

The mobile testing system PelLe for handheld devices, developed at Ser-Trondelag University, enables
instructors to deliver a test through any mobile device, assess it and provide timely feedback to both
individual studentsand agroup of studentsimmediately afteratest. Using Pele students canrespondto
testselectronicallyand theteachercanseeonthescreenwhatishappeningduring thetest. Thetechno-
logical characteristics and the pedagogical potential of PeLe are summed up in table 1.

PeLesuits perfectly to evaluate both group dynamicsandindividual student results, it was primarily
used in our research for formative assessment or low stake assessment which serves to give learners
feedback on their performance (Sambell, 2010).

METHODOLOGY
Research Objectives

MobileLanguageLearning (MOBILL)wasaninternational projectinvolvingtwoinstitutions Ser-Trandelag
University College (HiST, Norway), and Lomonosov Moscow State University (LMSU, Russia). The
projectwas conducted during two periods from September 2013 to January 2014, and from February to
May 2014.The key objective of this research was to work out sound pedagogical strategies on how to
implementPeleintothetraditionallanguageclassroom(pedagogicalperspective), thusintroducingsome
improvements to the piloting tool (technological perspective). At the first period teachers from LMSU
and HiST piloted PeLe and try to develop Mobile Assisted Language Learning Model (MALLM) based
onenquiry-basedapproachandformativeassessment.Thefollowing research questions were proposed:

1. What is the PeLe pedagogical potential to develop student language skills?

2. Does Peleintervention impact assessment patterns of the traditional classroom and foster the
development of learner language skills?

3. How can enquiry-based methods be effectively implemented into MALLM?

4. Does the proposed MALLM impact student motivation and to what extend?
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Table 1. Technological characteristics and the pedagogical potential of PelLe

Technological Characteristics of PeLe

Pedagogical Potential

Multiple choice tests can be delivered either
via PeLe or in the written form

« Teaching in technologically limited environments
« No need for profound tech preparation

Instant visualization of the test results

« Group dynamics evaluation
« Formative assessment approach
« Enhance learner motivation

Immediate test assessment and feedback

- Timely diagnosis of teaching/learning problems
- Instant feedback on learning problems
- Revision of teaching strategies

Student Response System is installed

- Can be used to conduct in-class surveys
- Encourage peer discussions and post-test activities

Database stores both group and individual
results

- E-portfolio approach
« Formative assessment approach
- Evaluation of group dynamics

It returns individual feedback to students’
mobile devices

- Individual approach to each student
- E-Portfolio approach

Multiple-choice questions are a mixture of text
and images

- Visualization of learning materials
« Enhancing learner motivation

The teacher can see on his screen what is
happening during the test

- Evaluation of student learning progress
« Any aspect of student output is under control

Equipment necessary: one internet-enabled
teachercomputerandinternet-enabledstudent
mobile devices

« Teaching in technologically limited environments
+ No need for bulky costly equipment

Use of student own devices

« No need for tech instructions - familiar devices

THE PROJECT IMPLEMENTATION AND RESEARCH
DESIGN: METHODOLOGY OF PELE INTERVENTION

printed on 2/8/2023 9:48 PMvia .

The methodological framework of the MALL model based on PeLe implementation includes both
enquiry-based methods such as collaborative and peer learning post-test activities, brainstorming,
problem-solving activities, group discussions and mobile learning opportunities such as immediate
feedback, formative assessment,andinteractivity. We offered the following procedure of PeLe interven-
tion employed in this study:

1. Setting up the Assessment Template

Theteachersetsupthe PeLe assessmenttemplate choosing the number of questions, alternatives,
and the correctanswer. In this case the teacher has three options: he can use the printed version of the
test, he can show the test on the IWB or he can save the test on Pele.

2. TheTestison.

Studentstakethemultiple-choicetestandtheteachergetstheanswers monitoring thisprocessonhis
computerscreen.Whenthestudentsare picking up the correctanswers using theirdevices the teacher
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canfollowthe group dynamicsand each studenttest results. Atthis stage the teachercan seewhatkind
of problems students have as a group and individually.

3. Test Submission and Instant Feedback

Theteachertakessometime(usuallyabout3-4 minutes)toanalyzetestresults,thenstudentsareshown
theirgroup scoresoneachtestitemintheform ofadiagram.Theteacherchoosestheitemsthatwerethe
most difficult ones for students. Afterthat, the pedagogical agentselects scaffolding from the range of
post-testactivities: teacherexplanation,agroup discussion, a pairdiscussion or SRS-supported activity.

4., Post-Test Activities

The teacher has to pick up a post-test activity aimed at improving test results. The type of activity
dependsuponthegroupresultsonatestquestion.We offered the following activities: teacher explana-
tion, group discussion, pair discussion. To figure out what types of post-test activities were the most
effective ones we asked the teachers to fill in the grids on post-test activities used after each test.

5. Second Voting on the Tough Questions

After post-testactivities, students take the second vote on the discussed questions using either SRS
installed or PeLe. At this stage, the teacher can also provide immediate feedback comparing and dem-
onstrating group results of the first and second trial.

RESEARCH PARTICIPANTS

The projecttarget groups consisted of Norwegian and Russian learners of English, all atapproximately
thesamelanguagelevel (B1) according to the Common European Frameworkfor Languages (see table
2). In the first period of experimentation, students enrolled in a preparatory English course at LMSU
were randomly assigned to 3 experimental groups (EXG) and 1 control group (CG). Students of the ex-
perimental groups tookaseries of PeLe supported formative testsas volunteers using handheld devices.
The control group was tested by pen and paper method.

Table 2. The project target groups

oo G Male Female Numper of Entrance test Entrance Test
Formative Tests MS Score SD
EXG1 12 1 10 7 81 5,97
EXG 2 8 1 7 7 64 8,75
EXG3 9 3 6 7 66 15.09
CG 7 0 7 0 60 7,09
183
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DATA COLLECTION
Data collection was done in 3 cycles:

1. Theintervention of PeLe tests asformative assessmenttoolsfrom Septemberto December2013in
three experimental groups. Quantitative data of thefirstand the second voting of PeLe tests were
analyzed by mean and standard deviation, students’t-test results. The grid on post-test activities
used after each test were completed by the teachers of the experimental groups.

2. Quantitative data of thefinal tests were gatheredin control and experimental groups to compare
overall performanceat the end of the semester, the data wereanalyzed by mean and standard de-
viation, t-test results.

3. Thepost-intervention questionnaire asks studentstoreflecton theirattitude to PeLe integration.
Qualitative data were gathered to help explain quantitative findings.

RESEARCH RESULTS AND DATA DISCUSSION
Cycle 1

Inthefirstcycle, the students of the three experimental groups took PeLe multiple-choice grammarand
vocabulary tests according to PeLe methodology intervention. In the experimental groups, formative
Peletestswere providedintheform ofin-classgrammarand vocabularytests. Students responded with
their smart phones or tablets. They had access to PelLe tests by using Wi-Fiin class. The students of the
controlgroup were taughtin the traditional way, they took the placementand final tests for summative
assessment, they were not supposed to take formative PeLe supported tests withimmediate feedback
on their results.

According tothe methodology of PeLeintervention we collected the quantitative dataon theresults
of the first voting (FV) and the results of the second voting (SV) of the experimental groups (EXG) and
analyzedtheresults.Toassess the magnitude of any significant changes following the intervention, ef-
fectsizes were calculated according to the methods of mathematical statistics - the standard deviation
(SD)and mean score (MS) for each group (see table 3). Based on the calculations, we can conclude that
the effectiveness of theformative testsincreased after post-testsactivities. Theseresultsindicated that
there wasasubstantialimprovementingroup 2and 3wheretheentrance testmean scores were64and
66 correspondinglyalthoughtherewasnotthesosubstantialimprovementingroup 1wheretheentrance
testmean resultwas much higher-88.In otherwords, it turned out that PeLe supported approach was
more beneficial in our case for the groups with lower language level: FV MS1= 56< SV MS1= 75,
FV MS2 =57< SV MS2=77. Statistical differences between the first and second voting of the PelLe
supportedtestinthe experimental groupswereassessed using student's t-testforindependentsamples,
asappropriate.T-test results of the firstand second voting in group 2 and group 3 statistically are quite
significant: EXG2 T-test= 3,0512 EXG3 T-test=3,2342. For group 1 T-test is 0,5023, by conventional
criteria, this difference is considered to be not statistically significant.
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Table 3.The mean score, standard deviation, t-test of the firstand second voting of the PeLe supported
test in the experimental groups

FV MS SV MS FV SD SV SD FV and SV T-Test
EXG1 85 87 79 8,05 0,5023
EXG2 56 75 13,11 10,17 3,0512
EXG3 57 77 14,44 8,40 3,2342

Ourstudy demonstrated thatthe second voting resultsin the experimental groups were betterthan
testresults of thefirst trial. The main reasons for that could beimmediate feedback on group testresults
and post-testactivities offered by the teachersin the experimental groups. Hattie and Timperley (2007)
emphasize thateffectivefeedbackneedsto provideinformation thatspecifically relatestothetask sothat
studentscandevelop error detection strategiesand use the feedback to tackle more challenging tasks.

Toanswerthethird question of ourresearch wetried tofigure out, first, whatkind of post-test activity
ledtoanyimprovementinstudent performance sowasthe mostefficientone, second, whetheritwasthe
correlation betweenthe group item score and the type of activity offered by theinstructor. Ourgrid data
analysis demonstrated that on average in each group 5.125 activities were offered after each test. The
most frequently used by the instructors activity was the class discussion - 48% of the activities offered,
then comes teacher explanation - 32,5% of the activities offered, the least frequently used activity was
group discussion activities - 19,5% of all the activities (see table 4).

Classdiscussionsare likely to be used more frequently because forthe instructorsit was easier to be
aclassfacilitatorand toinitiate discussions asking open-ended questions that provoke further discus-
sion, stimulate deeper exploration and challenge student thinking,encouraging themto seek new ways
toworkwith problems and ssituations. Butinthis case only carefully formulated questions can stimulate
thegeneration ofideasandinterestin what students have to say, providing clues as to whether students
are‘on track’(Kahn & O’Rourke, 2005). Whereas peer tuition approach seems to be very time and effort
consumingonthe partoftheteacher. Although experimentallanguage groups were not numerous so it
was quite comfortable forthelearnersandtheinstructorto have adiscussion. Peer-tuitionapproachin
language classes mightalso be complicated due tothefact thatthe language of instruction wasforeign
for the learners.

Table 4. Number and type of post-test activities
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The Average
T Class Discussion Group Discussion ezl ey e Lo i
Explanation P Activities Activities Per
Group
% N % N % N % N
EXG 1 34,4% 11 53,1% 17 12,5% 4 26% 32
EXG2 37,5% 18 43,8% 21 19,9% 9 39% 48
5,125
EXG3 25,6% 11 48,8% 21 25,6% 1 35% 43
All Groups 32,5% 40 48% 59 19,5% 24 123
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Our data analysis demonstrated that the most efficient post-test activity was the class discussion
because the increase in the second trial test results was significant. These increases were statistically
more significant for group 2 T-test=3,053, FV MS2=56<SV MS2=75, and for group 3 T-test=3,2342,
FV MS3 =57< SV MS3=77. In each group 21 class discussion activities were used (see table 5). These
resultssubstantiatethevalue of groupdiscussionsforstudentunderstanding, confirming thesignificance
of constructivist approach in mobile learning (Arnesen, Korpas, Hennissen, & Stav, 2013).

The nextquestion wetried tofigure outis the correlation between the groupitem scoreand the type
of activity offered. Our grid data analysis demonstrated that if from 50% of the group members gave
incorrectitemanswertheinstructors preferred teacher explanation technique. Iffrom 50to 75% of the
group membersgave the correctitemanswertheinstructors offered either pairor class discussion activi-
ties.Inthiscase, the teacher choice dependsonthetwoimportant considerations whetheritis necessary
togivesomeadditionalinputtoinitiate the discussionand whetherthe chosenactivity helped save the
time assigned for the test and its discussion.

Cycle 2

The learners of both control and experimental groups were given the same placement and final tests.
These tests were used for summative assessment. The overall mean scores were included to compare
overall performance of the controland experimental groups after theimplementation of the interven-
tion.The data collected on the mean scores of the entrance and final tests in control and experimental
groupssuggestthatintroductionofPelLetestshelpedimproveacademicperformanceintheexperimental
groups in mean results of final test (see table 6) whereas the control group demonstrated just a slight
increasein mean scores (60>62). Statistical differences between the two tests were also assessed using
Student’st-testforindependent samples: t-testresultsingroup 1are 1.807,ingroup 2-2.6201,ingroup
3-1.2405.Inthe control group t-test is the lowest - 0,7025. These data suggest that the introduction of
PeLe supported approach helped improve student performance in all three experimental groups.

Theseresults supportourhypothesis that collaborative enquiry-based learningand educational op-
portunities provided by handheld devices formative assessmentled to asignificantly betterexam per-
formance of the students who took PelLe quizzes, compared to those who did not. The summative part
of PeLetestsensured a high completionrate, whereas the formative part provided students with prompt
feedbackand gave theminformation onwhattheyneededtodotoimprovetheirperformance (Voelkel,
2013).Theincrease in the overall exam results was encouraging, but not conclusive to show that only
PelLetests were beneficial.lt could also be due totimely feedback on testresults, collaborative post-test
activities and administration of formative tests.

Table 5. Correlation between second voting test results and the post-activities offered

SV MS FV and SV Number of post- test activities
T-Test Teacher Explanation Class Discussion Group Discussion
EXG 1 87 0,5023 1 17 4
EXG 2 75 3,0512 18 21 9
EXG3 77 3,2342 1 21 1

186

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Mobile Testing System for Developing Language Skills

Table 6. Final and entrance test results in control and experimental groups

GROUPS Entrance Test MS Entrance Test Fina, 1o FinaJest T-TEST

EXG1 81 597 87 823 18027

EXG2 64 875 78 14.58 26201

EXG3 66 15.09 73 1030 1.2405

cG 60 7.00 62 488 0,7025
Cycle 3

Atthiscycle,anonline survey wasadministered to elicit students’own perceptions of PeLe intervention.
The quantitative data were supplemented by student feedback gained froma post-study questionnaire.
The post-study questionnaire contains 11 questions aiming to get student views on the strengthsand
weaknesses of PeLeintervention.The questionnaire was completed by 24 students (22 female, 2 male)
of the experimental groups. Responses are provided in table 7.

Inresponsetostatement 1and statement2 students expressed high levels of satisfaction (3,58) with
PeLesupportedtestsundertaken on mobile devices. The majority of students commented favorably on
thefactthatmobiletests helped themunderstand the topicinfocusand getready for midtermsandfinal
with responses to the second statement averaging.

Table 7. Results of the post-study questionnaire
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Strongly . Strongly Median
Agree Agree Disagree Disagree Score

1. Mobile devnc?s are the best tools to be used for 17 4 3 0 358
language practice
2. PeLe tests helped me understand the topic in focus 16 6 2 0 3,58
3. PeLe tests helped me get ready for midterm and final 16 4 2 5 3,41
alot
4, Instant feed.back after PeLe .tests was very supportive 2 ) 0 0 3,91
and encouraging for my learning
5. Post-test activities made me better understand 14 6 4 0 3,41
grammar rules
6. Post-test activities were very helpful and timely 17 5 2 0 3,62
7. Re-voting on SRS after post-test activities helped me 1 6 3 4 3,00
correct my mistakes
8. Activity switching kept me engaged in class 10 8 4 2 3,08
9.The use of mobile devices and tasks based on PelLe

. . 10 8 4 2 3,08
was fun and changed my attitude to learning
10. PgLe tests were frustrating, they complicated my 0 0 4 2 116
learning a lot
11. PeLe based tests were motivating 16 6 2 0 3,58
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The largely positive reaction to statements 3, 4, 5 and 6, where the mean scores were 3,41, 3,91,
3,41 and 3,62 respectively, emphasizes that immediate feedback on test results was very supportive
andencouragingforstudentlearning.Studentsappreciated the promptfeedback they gotontheirown
understanding of material. In response to statement 7, the average was 3,00. The students were very
positive about the fact that re-voting after post-test activities helped them correct their mistakes and
promotereflection ongrammar practice.The positive reaction to statement 8, where the mean score was
3,08, indicates that activity switch approach kept the students involved. Statements 9,10 and 11 were
designedto getstudentsattitude to PeLe intervention.The majority of students claimed that the use of
mobile deviceswas funand changed theirattitude tolearning. It supports theidea thatthe availability
of mobiledevicesthatlearners possessmakesitan attractive supplementto otherformsofteachingand
learning a second language (Stockwell & Hubbard, 2013).

Inreactionto statement 10, the majority of students disagree on thefact that PeLe tests were frustrat-
ing and complicated their learning a lot. The average for statement 11 was 3,58 proving the idea that
formativeassessmenttests promotefeedbackthatseekstoempowerstudentstobecome motivatedand
committed to exercising more control over their own learning (Sambel, 2010).

Ourfindings suggestthatstudents place heavy emphasis on the value ofinstant, timely feedbackon
their tests as well as on post-test activities that stood them in good stead in improving their grammar
skills. Despite the overall positive responses, there was also notable ambivalence: several respondents
combined positivecommentswith criticisms.Forexample, answering statement 7 four students strongly
disagreed with theideathatre-voting ontough testitems after post-test activities helped them correct
theirmistakesand promotereflectionontheirgrammar practice.Nonetheless, ouranalysisdemonstrates
clearly that the vast majority of students found PeLe implementation to be very appealing.

FUTURE RESEARCH DIRECTIONS

We hopethatourresearch will provide some constructs for pedagogical thinking aboutenhancing MALL
with new mobile-assisted assessment methodology. Formative assessment practice (Black & Wiliam,
2009) lay at the heart of the project’sinnovative pedagogicapproach, sothe approach offersa practical
wayofembodyingassessmentforlanguagelearningenvironments. Although mobile testing system Pele
holds promise butmoreresearchis needed to determineits effects upon developing notonly grammar
skills but also some other skills such as speaking, writing, listening.

CONCLUSION

Thisresearchindicated thatmobileappsintegrationintolanguagelearning could be efficient, especially
if combined withenquiry-based and peerlearningapproachesand the pedagogical potential provided
by mobile testing systems.The experimental results suggest that the MALLM approach combining m-
learningand enquiry-based learning theory and formative assessmentis most advisable.Theresearch
resultssupportedourhypothesisthatcollaborativeenquiry-basedlearningandeducationalopportunities
provided by handheld devices formative assessmentled to a significantly better exam performance of
the students who participated in formative PelLe quizzes, compared to those who did not.
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KEY TERMS AND DEFINITIONS

Enquiry-Based Approach: Alearner-centered approach thatemphasizes higher order thinking skills.

Formative Assessment: Monitors studentlearning to provide ongoing feedback that can be used by
instructors to improve their teaching and by students to improve their learning.

Interactive Learning: Is a pedagogical approach that incorporates social networking into course
design and delivery.
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MALL: Mobile assisted language learning.

Mobile Learning: Earning methods and materials thatinvolve the use of mobile phones orhandheld
devices.

Mobile Testing System: Mobile apps design specifically for testing skills and knowledge.

Summative Assessment:Evaluates studentlearningattheend of aninstructional unit by comparing
it against some standard or benchmark.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 5116-5126, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

It is a usual practice to use natural language in any document intended for clients and users in the
requirements engineering process of a software development. This facilitates the comprehension of the
requirements engineer’s proposals to clients and users. However, natural language introduces some
drawbacks, such as ambiguity and incompleteness, which attempt a good comprehension of those docu-
ments. Glossaries help by reducing ambiguity, though they introduce their own linguistic weaknesses.
The nominalization of verbs is one of them. There are sometimes appreciable differences between using
a verb form or its nominal form, while in other cases they may be synonyms. Therefore, the requirements
engineer must be aware of the precise meaning of each term used in the application domain in order to
correctly define them and properly use them in every document. In this chapter, guidelines about treat-
ment of verb nominalization are given when constructing a specific glossary called Language Extended
Lexicon.
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INTRODUCTION

The first activity of the development of a software system is to define its requirements. Requirements
engineer must interact mainly with clients and users among other stakeholders (Macaulay, 1993). He
or she has to understand the context in which the future system will act and he or she must carefully
consider the reasons that conducted to the decision of developing such system. Requirements engineer’s
responsibilities include establishing a fluid communication with all stakeholders to produce reliable docu-
ments that will be used later in the software development process (Leite et al., 2004). Usually the culture,
knowledge and skills of clients and users are rather different from those of the software development
experts. As part of the communication with clients and users, the requirements engineer must clearly
show them the characteristics of the software system that he or she is conceiving to attend clients and
users’ issues. Requirements Engineering process has two main activities: to understand the application
domain, and to correctly define the services that the future software system will provide (Leite et al.,
2004). As a general practice, both activities involve the development of models that describe such domain.
It is also a common practice to develop such models in natural language to enhance the communication
among stakeholders (Rolland & Ben Achour, 1998; Leite et al., 2004; Seiff et al., 2009); however, this
introduces some obstacles, such as ambiguity, incompleteness and poor information structuring (Zow-
ghi & Gervasi, 2002; Berry & Kamsties, 2004; Leite et al., 2005; Doorn & Ridao, 2009; Hadad et al.,
2015). All of these inconveniences come from the natural language itself. As a consequence, Require-
ments Engineering has become more and more involved with linguistic considerations. Furthermore, it
should be kept in mind that language conveys culture and knowledge (Nettle & Romaine, 2000; Fishman,
1999). Thereby, the terminology of clients and users holds application domain knowledge. Therefore,
to document and to slightly formalize the relevant words or phrases heard from clients and users or read
from documents is a valuable practice. In other words, creating a glossary of such terminology helps the
Requirements Engineering process in two relevant ways: it eases the understanding of the application
domain and it reduces the ambiguity of the oral communication with clients and users and the ambiguity
of every produced document (Hadad, Doorn, & Kaplan, 2009).

However, the glossary construction itself introduces some drawbacks. The most important of these
drawbacks, not yet treated, is the presence of nominalizations, either in the clients and users’ termi-
nology or in the produced glossary. The former is a possible source of ambiguity while the latter is
a hint of an adequate or inadequate creation of glossary symbols by the requirements engineer. Both
may cause defects in the glossary. Nominalization refers to the construction of nouns from verbs or
adjectives. Linguistic authors have largely studied nominalization in many languages such as English,
French, German, Russian, Spanish, etc. (Alexiadou, 2001; Bisetto & Melloni, 2005; Grimshaw, 1990;
Rothmayr, 2009; Rozwadowska, 1997). The simplest way to describe verb nominalization is by means
of the phrase action of and effect of. In some cases, nominalization occurs only by action of; while in
others only occurs by effect of.

In this chapter, the influence of nominalization on the quality of Requirements Engineering docu-
ments is analyzed. The requirements engineer should be aware of the substantial differences in meaning,
that sometimes arise when using the nominal mode of a verb or its verbal mode, since the action and the
effect of a verb nominalization may produce synonyms or even homonyms.
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BACKGROUND

The work presented in this chapter is based on the lessons learned in several research projects where
many study cases were created using Scenarios and Language Extended Lexicon (LEL) models (Leite et
al., 1997; Leite et al., 2000; Leite et al., 2004). LEL is a glossary proposed by Leite and Franco (1993).
Scenarios are structured natural language descriptions of situations that occur in the application domain
(Leite et al., 2000).

The LEL is itself a glossary with roles and structure different from the usual ones. It is composed
by a set of symbols, which are words or phrases peculiar and frequently used in the application domain.
Each symbol is identified by a name or names. An acronym or an abbreviation may be also a name of a
term, only if present in the application domain. In case of synonyms the more relevant name is used as
the main key entry. Every symbol has two types of descriptions; this particular structure makes the dif-
ference with other glossaries. The first type, called Notion, is the usual one and describes the denotation
of the word or phrase, that is, it defines what the symbol is. The second, called Behavioral Response,
describes the connotation of the word or phrase, that is, it describes how the symbol acts in the application
domain; this description is not usually present in other glossaries and enriches the knowledge about the
symbol and the context at hand. LEL symbols contain hypertext links pointing to directly related entries.

When the denotation of the term acquires several meanings, it indicates the existence of homonyms,
which forces the creation of more than one entry in the lexicon. The absence of any behavioral response
indicates that the symbol does not belong to the LEL.

LEL entries are classified in four types according to its general use in the application domain. The
types are: Subject, Object, Verb and State. Table 1 shows the LEL model.

Symbols of type object, verb and state may be affected by a linguistic transformation, called nominal-
ization, which may hide the type of the symbol and may produce confusions between verbs and objects, or
between verbs and states. Nominalization is a source of ambiguities, especially in behavioral responses. It
has not received the necessary attention in the Requirements Engineering literature (Berry & Kamsties,
2004; Kovitz, 1998). This chapter is devoted to analyze and control the influence of nominalization on
the quality of Requirements Engineering documents. Proposals to reduce the possible negative influence
of nominalization are described.

Table 1. Language EXTENDED LEXICON model

LEL: representation of the symbols in the application domain language.
Syntax: {Symbol} N

Symbol: entry of the lexicon that has a special meaning in the application domain.
Syntax: {Name} ™ + {Notion} ™ + {Behavioral Response} ™

Name: identification of the symbol. More than one represents synonyms.
Syntax: Word | Phrase

Notion: denotation of the symbol.
Syntax: Sentence

Behavioral Response: connotation of the symbol.
Syntax: Sentence

Source: (Leite et al., 2000)
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The scenario model is a structure composed of the entities: title, goal, context, resources, actors,
episodes, exceptions and the attribute constraint (see Table 2). Actors and resources are an enumeration.
Title, goal, context and exceptions are declarative sentences while episodes are a set of sentences expressed
in a simple language that give an operational description of behavior. A scenario must satisfy a goal that
is reached by performing its episodes. Episodes represent the main course of action but they include
also variations or possible alternatives. While performing episodes an exception may arise, signaling an
obstacle to goal achievement. The treatment of the exception may or may not satisfy the original goal.
All descriptions in the Scenario must maximize the use of LEL symbols, as a way to reduce ambiguity.
This is another reason that strengthens the necessity of a high quality LEL creation.

VERB NOMINALIZATIONS

Verb nominalization may be interpreted as eventive with the semantic of action of and stative when it
takes the semantic of effect of. Eventive nominalizations denote an activity and they are frequently com-
bined with indications of location, duration or date. Eventive nominalizations inherit the arguments of
the verbal base in such a way that they are capable of expressing the same semantic roles that the verb
itself. Stative nominalizations are related with the result of the action of the verb. In most cases this result
is an entity or a state. The following sentences contain the nominalization of the verb publish. The first
sentence contains an eventive nominalization and the second a stative one.

e  The software system must register the number of copies of every publication.
e  The publication of books, and even of journals, requires resources that have to be available on
time in order to minimize costs.

Ambiguity, completeness, and structuring of natural language documents are related among them.
A slightly formalized glossary contributes to improve completeness since it contains a set of applica-
tion domain notions materialized through subjects, objects, activities and states and their interrelations.
The perception by the requirements engineer of any of those glossary elements helps to discover more
information about the related glossary symbols. This clearly contributes to reduce incompleteness.

The experience acquired along many study cases led to observe the weaknesses that occur by nomi-
nalization of verb symbols. The semantic flaws produced due to nominalizations are of such nature
that sometimes is quite different to register the verb itself or its nominalization in the LEL. The actual
alternatives of verb nominalization may be:

1. Verb and its nominalization have exactly the same meaning.
2. Verb and its nominalization have different meaning.

a.  Just verb semantic is relevant in the application domain.

b.  Just nominalization semantic is relevant in the application domain.

c.  Both verb and its nominalization semantic are relevant in the application domain.
3. There is more than one nominalization for the same verb.
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Table 2. Scenario model

Scenario: description of a situation in the application domain.
Syntax: Title + Goal + Context + {Resources} ~ + {Actors} N + {Episodes},¥ + {Exceptions}

Title: identification of the scenario. In the case of a sub-scenario, the title is the same as the episode sentence (see below in the Episode
definition), without the constraints.
Syntax: Phrase | ([Actor | Resource] + Verb + Predicate)

Goal: aim to be reached in the application domain. The scenario describes the achievement of the goal.
Syntax: [Actor | Resource] + Verb + Predicate

Context: composed by at least one of the following sub-components:
Geographical Location: physical set of the scenario.

Temporal Location: time specification for the scenario development.
Precondition: initial state of the scenario.

Syntax: {Geographical Location} + {Temporal Location} + {Precondition}
where Geographical Location is:

Phrase + {Constraint}

where Temporal Location is:

Phrase + {Constraint}

where Precondition is:

[Subject | Actor | Resource] 4+ Verb + Predicate + {Constraint}

Resources: relevant physical elements or information that must be available in the scenario.
Syntax: Name + {Constraint}

Actors: persons, devices or organisation structures that have a role in the scenario.
Syntax: Name

Episodes: set of actions that details the scenario and provides its behaviour. An episode can also be described as a scenario.
Syntax (using partial BNF):

<episodes>::= <group series> | <episode series>

<group series>::= <group> <group> | <non-sequential group> | <group series> <group>
<group>::= <sequential group> | < non-sequential group>

<sequential group>::= <basic sentence> | <sequential group> <basic sentence>
<non-sequential group>::= # <episode series> #

<episode series>::= <basic sentence> <basic sentence> |

<episode series> <basic sentence>

<basic sentence>::= <simple sentence> | <conditional sentence> | <optional sentence>
<simple sentence>::= <episode sentence> CR

<conditional sentence>::= IF <condition> THEN <episode sentence> CR

<optional sentence>::= [ <episode sentence> ] CR

where <episode sentence> is described:

(([Actor | Resource] + Verb + Predicate) | ([Actor | Resource] + [Verb] + Title)) + {Constraint}

Exceptions: usually reflect the lack or malfunction of a necessary resource. An exception hinders the achievement of the scenario goal.
The treatment of the exception may be expressed through other scenario.

Syntax: Cause [(Solution)]

where Cause is:

Phrase | ([Subject | Actor | Resource] + Verb + Predicate)

where Solution is:

Title

Constraint: a scope or quality requirement referring to a given entity. It is an attribute of Resources, basic Episodes or sub-components of
Context.
Syntax: ([Subject | Actor | Resource] + Must [Not] + Verb + Predicate) | Phrase

+ means composition, {x} means zero or more occurrences of X, () is used for grouping, | stands for or and [x] denotes that x is optional
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The purpose of the LEL is to represent the vocabulary used in the application domain, therefore,
nominalizations could appear or not as part of that vocabulary. Nominalizations are not a problem pro-
voked by the Requirements Engineering process or by the requirements engineer himself or herself. It
is an obstacle that he or she must manage by identifying the variants of the term and by establishing the
meaning of those variants in the application domain. When capturing the vocabulary used in the appli-
cation domain, it could happen and it usually happens that the requirements engineer does not perceive
one or more of the possible meanings of a nominalized verb. Once this happens, it is very likely that he
or she describes only the captured meaning keeping all the omissions undiscovered.

SOLUTIONS AND RECOMMENDATIONS

Each one of the cases enumerated in the previous section should be treated in a particular way, as shown
in Table 3. When the requirements engineer runs across with a verb symbol, he or she does not know in
which case the verb falls. To avoid omissions or ambiguities he or she has to find out how the symbol is
used in the application domain, and then to which case it belongs in order to take out the correct action.

Table 3. Guidelines to manage verbs and nominalizations

Syntactic Form Meaning Action
Action of Register as a verb symbol
Used as a verb Effect of N/A
Both N/A
Action of Register as a verb symbol
Usec.l asa Effect of Register as an object or state symbol
nominalization
Both Register both as a verb symbol and as an object or state symbol. Label both as homonyms
Action of Register each of them as a verb symbols. Consider that eventually any nominalization may be
a synonym of another
Used as a yhony
nominalization Effect of Register each of them as object or state symbols. Consider that eventually any nominalization
with more than one may be a synonym of another
inalizati . . .
fominatization Both Register as a verb symbol and as an object or state symbols. Consider that eventually any
nominalization may be a synonym of another
. Register both forms as a verb symbol, choose the most used form as key entry name and the
Action of
least used as synonym (see Table 3)
Used both forms Effect of N/A
Register both as a verb symbol and as an object or state symbol (see Table 4). Consider
Both that the nominalization may be also a synonym of the verb form, then label both entries as
homonyms
Register all forms as verb symbols. Consider that any nominalization may be a synonym of
Action of the verb form; choose the most used form as the key entry name and the other as synonym.
Label homonyms if applicable
U§ed both forms Effect of N/A
with more than one
nominalization Register as a verb symbol and as object or state symbols. Consider that one of the

nominalizations may be a synonym of the verb form; choose the most used form as the key
entry name and the other as synonym. Consider that eventually any nominalization may be a
synonym of another. Label homonyms if applicable (see Table 5)

Both
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Table 3 strictly considers the possible consequences of the use of nominalizations without pay-
ing attention to the particular semantic of the verb itself or its nominalizations. Actually a verb or a
nominalization may have more than one interpretation in the application domain, producing eventually
homonyms. Therefore, any of the cells of third column of Table 2 may produce more symbols than it is
indicated. Watching how the nominalizations are used is not enough to detect such additional homonyms
cases. This happens with any single symbol of the LEL, regardless if it is the nominalization of a verb
or not. The particular semantic of each symbol should be clearly understood in order to discover hidden
or partially hidden homonyms, and possible synonyms.

Table 4 shows an example about the Study Case Production Management of Cardboard Boxes. In
this example, the requirements engineer detects two different synonyms, used both in that context, for
the same action: Plan Production and Production Planning.

In Table 5 there are two different symbols, one is a Verb symbol, Pay, and the other is an Object
symbol, Payment, belonging to the same study case, Management of Treatments given by Medical Pro-
viders, where the Object refers to the verb nominalization used as effect of.

In Table 6 the symbol Authorize Treatment is a Verb, and there are three different nominalizations.
The first one, Treatment Authorization, is a synonym of Authorize Treatment, being both verbs. Treat-
ment Authorization as a Verb is also the homonym of Treatment Authorization as an Object. The third
nominalization has generated a State symbol Authorized Treatment.

Table 4. Verb and its nominalization used as action of, being both synonyms, Study Case: Production
management of cardboard boxes

Symbol Name/s Plan Production / Production Planning Type: Verb

e Process to establish the production schedule for all the shifts of the next week.

Notion o It is performed every Tuesday.

o Manufacturing programs for each of the 21 shifts per week are generated.
Behavioral Response e Deployments boxes are organized to reduce cardboard scrap.
e Production orders received from a collaborative supplier are considered urgent orders.

Table 5. Verb and its nominalization used as effect of; Study Case: Management of treatments given by

medical providers
Symbol Name/s Pay | Type: Verb
Notion o Action performed by the treasury staff producing an economic compensation to a medical provider.

o It takes place after the payment has been approved by the medical director.

o The treasury staff issues the payment thru the system.

Behavioral Response o The treasury staff notifies the medical provider upon the issued payment.

Symbol Name/s Payment Type: Object

e Document issued by the treasury staff, establishing the cancellation of a debt acquired due to a treatment

Notion given by a medical provider.

o It is registered in the system.
Behavioral Response o It requires the director approval before given to the medical provider.
o A copy signed by the medical provider is stored.
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Table 6. Verb and two nominalizations used as action of and effect of, producing synonyms and hom-
onyms; Study Case: Management of treatments given by medical providers

Symbol Name/s Authorize Treatment / Treatment Authorization | Type: Verb

o Action that allows the patient to receive treatment.

Notion - . . .
o It is performed at the patient service office.

o The staff checks the medical credit of the patient thru the system.

o The staff checks the clinical order given by the patient.

Behavioral Response o The staff issues an authorization.

o The staff delivers the authorization to the patient.

o The patient annexes the clinical order to the authorization form in order to get its treatment.

Symbol Name/s Treatment Authorization / Authorization Type: Object

Notion e Document issued by the patient service staff, allowing a patient to get a treatment.

o [t is generated thru the system based on the clinical order exhibited by the patient.
Behavioral Response o It is signed by the service director.
o [t is assigned a sequential number and an expiration date.

Symbol Name/s Authorized Treatment Type: State

Notion e Condition that a treatment takes after treatment authorization.

. o The patient can get a treatment thru a medical provider before its expiration date.
Behavioral Response p g p p

o After the patient gets the treatment, the medical provider issues an invoice to receive the payment.

FUTURE RESEARCH DIRECTIONS

This chapter presents the results of an exploratory research which has allowed discovering, as a regular
pattern, the presence of many nominalizations of verbs that are relevant in the application domain. Fre-
quently, such nominalizations have created different types of defects in the glossaries. The knowledge
of the existence of those defects and the understanding of their cause has allowed proposing guidelines
in order to reduce quantitative and qualitative consequences of such defects. These guidelines have been
proven to be effective in few and small study cases. It is planned to perform a set of more structured
experiments to quantify the efficiency of the proposed guidelines and to obtain reliable statistics and
metrics of the quality enhancement of the glossaries and the importance of this on the whole Require-
ments Engineering process.

CONCLUSION
The research whose results are reported in this chapter may be summarized as:

The relevant words and phrases of any application domain include several verbs.
The full understanding of the verbs is important for improving the knowledge about the applica-
tion domain.
e  Nominalization of verbs obscures the perception of their eventive or stative semantic.
Frequently one of the possible verb nominalizations hides the perception of the others.
Losing an eventive or a stative meaning prevents discovering important information.
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KEY TERMS AND DEFINITIONS

Ambiguity: Phrase or sentence that does not have a single clear meaning. It provokes two or more
possible interpretations.

Application Domain: The context in which the software system will be used.

Completeness: The state or condition of having all the necessary or appropriate parts of a model or
document.

Language Extended Lexicon: A glossary composed by a set of symbols, which are words or phrases
peculiar and frequently used in a given application domain. The lexicon symbols have an additional
description, not present in other glossaries. It contains hypertext links that interconnect symbols.

Natural Language Model: A model in narrative text produced during Requirements Engineering
process, with a structure and content easily read by all stakeholders.

Nominalization: The result of forming a noun from a verb, or the act of forming a noun from a verb.
Nominalization itself is the nominalization of the verb nominalize. In this chapter it is used as a verb
and as the effect of the verb (a state).

Omission: Information that has not been included in a model or document. It is the nominalization
of the verb omit. In this chapter it is used as the effect of the verb (a state).

Scenario: The description of a situation that currently happens or will happen in the application
domain. The former are called Current Scenarios and the latter are referred as Future Scenarios.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 5127-5135, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 17

Word Formation Study in
Developing Naming Guidelines
in the Translation of English
Medical Terms Into Persian

Ali Akbar Zeinali
Universiti Sains Malaysia, Malaysia

ABSTRACT

Lack of appropriate equivalences for terms or technical words is the result of ineffective translation
guidelines adopted in the translation process. This chapter provides a comparative analysis of the char-
acteristics of Persian medical terms, using the universal naming guidelines and local naming principles
in Persian. The aim of the study is to determine the similarities and differences of the compatible and
incompatible terms (Persian equivalents) with respect to the applied translation procedures and the
employed word formation processes. The descriptive statistics and qualitative analysis were employed
to analyze the collected data which consisted of a population of 339 English medical terms and their
pairs in Persian. The research was based on two theoretical frameworks, namely Sager’s naming criteria
and word designation principles by the Persian Language and Literature Academy to investigate the
effective translation procedures and word formation parameters for the translation of English medical
terms into Persian through morphosemantic comparison of the terms.

INTRODUCTION

The medical translation is a critical tool for communication between patients and health care profes-
sionals. A correct translation finds itself significant when a medical translator, as a skilled mediator,
acts accurately and precisely by transferring the messages between a medical professional and a patient.
This study is of utmost importance as it aims to find guidelines specific to translation procedures of
English medical terms into Persian through word formation processes for linguists and translators. Such
guidelines can be employed by translators to find the required equivalents. Persian linguists from the

DOI: 10.4018/978-1-5225-7601-3.ch017

Copyright © 2019, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Word Formation Study in Developing Naming Guidelines

Persian Language and Literature Academy (PLLA) and Medical Science Academy in Iran may also
find it beneficial. It may be effective and applicable to information technology and machine transla-
tion systems linguistic databases. This study presents the findings obtained by a comparative analysis
of the Persian translation equivalents found in “le_tes el o (5 IR (slaial ” (Guide to ICD-9-CM in
Persian) using the universal naming guidelines and local naming principles in Persian, with regard to
their pairs in English selected from medical terms in “ICD-9-CM.” The study went through the research
questions to investigate the naming characteristics of the English-Persian medical terms with respect to
Sager’s criteria (1990, p. 88) who provides 12 criteria for the perfect idealized requirement in a serious
controlled condition for naming, the PLLA principles, the effectiveness of the adopted TPs in naming,
the contribution of the morphosemantic factors to the naming process and to propose the specific naming
parameters for the translation of English-Persian medical terms. The objectives of the study were also
in line with the research questions. The analysis focused on Sager’s naming criteria, the PLLA naming
principles, and the applied translation procedures on the selected English medical terms into Persian
equivalents during the translation process.

BACKGROUND

According to Ashuri (1995, p.29), one of the problems for Persian today is the fact that it is a combi-
nation of ancient writings and translation works. Scientific language of new works mostly deals with
translation together with a lot of English and French words and syntactical structures. He suggests that
the word formation is a solution for enriching a language with new concepts.

Beheshti (1999, pp.25-31) explains that one of the most significant contemporary linguistic issues is
scientific-technical word formation, which is based on the language grammar and linguistic principles.
She discovered that only 50 percent of the total terms studied had the equivalences in Persian; thus, in-
dicating that the translators have not yet shown interest in employing Persian equivalents in their works.
Further investigation is crucial to uncover the underlying reason. According to her, equivalent findings
or naming of imported medical terms should be based on the features specific to medical terms. This
means that medical terms, either in the source language or the target language, should be studied to
find their systematic characteristics and some patterns in order to help the translators or linguists in the
word formatting process or naming imported terms in the future. She suggests a study on the patterns
based on the term characteristics of morphology, etymology, word formation and translation procedures.

Naseri et al. (2011, pp.41- 47) believe that the present problems of Persian in the areas of science and
technology are due to the application of foreign language structures, lack of consistencies in scientific
terms, and no consensus among authors and translators. Sadeqi (1993) believes that the solution to these
problems is stabilizing the scientific and technical terminology at the basic levels and mass media. He
states that the scientific terminologies are not consistent and in some cases, there are various Persian
equivalents for a single foreign word in different dictionaries, or there are various foreign equivalents
for a single Persian word. As a result, it is claimed that the scientific expressions are inconsistent (Kafi,
1992). According to Beheshti (1999, p.31), a language that borrows a large number of words suffers
from negative consequences in the general language and can denigrate the capacity for people to speak
their native language (i.e. such as German language in interaction with the English language). The
Persian language in interaction with other languages will lose its capabilities and will be converted to a
totally different language if it is not protected against the foreign words imported from many languages.
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Therefore, activating the Persian language capabilities for naming the scientific and non-scientific foreign
words is considered as a necessity which should be based on definite principles or patterns.

MAIN FOCUS

It is of the interest of this study to investigate what types of universal naming criteria and principles are
followed by the selected data. While naming process should follow the international naming guidelines,
the state or local naming principles may not be skipped, as creation of an equivalent in the target lan-
guage should be lexically and semantically based on the cultural, terminological, linguistic and language
factors of the target language.

The naming criteria suggested by Sager (1990, p.88) provides guidance on the creation of terms to be
referred to when the translator deals with the difficulties in coining translated terms because of different
structures and term formation techniques found in various languages. It remains difficult to generalize
on a broad level. Sager provides 12 criteria for the perfect idealized requirement in a serious controlled
condition for naming. “Criterion” is abbreviated as “C” in this study and it is followed by a numerical
digit showing the number of criterion suggested by Sager. For example, “C1” represents the first criterion
Sager has proposed for term formation. These criteria are outlined as below:

C1: The term must relate directly to the concept. It must express the concept clearly. A logical construc-
tion is advisable.

C2: The term must be lexically systematic. It must follow an existing lexical pattern and if the words
are of foreign origin, a uniform transcription must be preserved.

C3: The term must conform to the general rules of word formation of the language which will also
dictate the word order in compounds and phrases.

C4: Term should be capable of providing derivatives.

CS: Terms should not be pleonastic (i.e. no redundant repetition, e.g. combining a foreign word with a
native word having the same meaning).

C6: Without sacrificing precision, terms should be concise and not contain unnecessary information.

C7: There should be no synonyms whether absolute, relative or apparent.

C8: Terms should not have morphological variants.

C9: Terms should not have homonym:s.

C10: Terms should be monosemic.

C11: The content of the terms should be precise and not overlap in meaning with other terms.

C12: The meaning of the terms should be independent of context.

In this study, Persian word formation structures will be processed according to the Naming Guidelines
approved by the Persian Language and Literature Academy (2009). These principles, obligatory for the
word formation teams, have been approved by PLLA, as word designation and equivalent findings for
the imported terms are the concerns of the Academy according to Article 2 and 3 of the second provi-
sion of the Islamic Republic of Iran constitution.“Principle” is abbreviated by “P”” which is followed by
a numerical digit showing the Principle number approved by PLLA. For example, “P2” is the second
principle which is proposed by PLLA for naming. PLLA provides nine principles for naming which are
outlined as below:
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P1: Persian words should be based on “basic Persian language today” i.e. the common language used
by the learnt societies.

P2: Word designation should adhere to the correct grammar structure of the Persian language.

P3: Word designation should avoid dissonance and cacophony and should be based on Persian phonet-
ics. As a result, the designated word, as much as possible, should be shorter than its pair in the
source language.

P4: Equivalents with derivational and inflectional capabilities and also words with noun, adjective and
verb possibilities are required to determine word designation priorities.

P5: Word designation should consider the following hierarchy as criteria:

P5.1: Older common and accustomed words in the Persian language

P5.2: Neologisms according to Persian word formation processes using Persian words

P5.3: Arabic words, common and accustomed in the Persian language

P5.4: Neologisms according to Persian word formation processes using Arabic words common in the
Persian language

P5.5: Words borrowed from several Persian language dialects in Iran today

P5.6: Words borrowed from medieval and ancient Persian Languages

P6: In word designation, the priority is given to the words with clear meaning compared to the ones
with ambiguous meaning.

P7: In word designation, especially in scientific areas, one word should be designed for any word with
special meaning regardless of any probable diversity.

° Nota bene: Designation of multiple equivalents is applicable for any foreign word with sev-
eral scientific definitions, according to scientific tradition, history and convention.

P8: No equivalent is needed for foreign words that are universally known and accepted.

P9: The Language Academy Council will make the final decision in case of failure in word designation
process based on common Persian language patterns.

Based on a comparison between the Persian medical equivalents with Sager’s naming criteria and
the PLLA naming principles, the goal of the study is to determine the similarities and differences of the
compatible and incompatible terms (Persian equivalents) with respect to the applied translation procedures
and the applied word formation processes and to identify those with the highest number of frequencies.

The compatible and incompatible equivalents with Sager’s criteria and the PLLA Principles provide
the data for this study and enable statistical descriptive and qualitative analysis to be carried out. The
collected data included a population of 339 Persian medical terms from the target text with regard to
their pairs from the source text, which is sufficient with respect to the statistical descriptive method of
analysis. It should, however, be noted that the selected terms reflected only the results limited to the
selected system of the human body (the musculoskeletal system and connective tissue). Furthermore,
the results obtained in this study do not necessarily reflect all the guidelines available for the translation
of all the medical terms of other human body systems mentioned in ICD-9-CM into Persian.

This study establishes a conclusion about the integration of the findings of the study. It begins with
a discussion of inferences drawn from the study and is followed by a comparative description of the
findings and recommendations.
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Data Analysis and Methods

The study needs preliminary information for analyzing the data including grammar, morphology, ety-
mology and syntax. The Persian term will be broken down into components or morphemes based on
the Katamba morphology (1994) and Tabatabaee’s structures (2009). The analysis will focus on the
characteristics of the Persian terms in accordance to the naming guidelines provided by ISO and crite-
ria suggested by Sager (1990, p.88). The terms will subsequently be processed based on the principles
recommended by the PLLA.

This is designed to uncover the fact that those English medical terms with certain characteristics can
be translated through certain translation procedures and word formation processes and are compatible
with certain Persian word formation patterns. It should be noted that in this research, a positive or com-
patible equivalent indicates the positive compatibility of the equivalent with all the PLLA principles and
Sager’s criteria; and a negative or incompatible equivalent indicates negative or no compatibility of the
equivalent with at least one of the PLLA principles or Sager’s criteria. The conclusion will be uncovering
the effective naming parameters or patterns for translating the medical terms from English into Persian.

The analysis of each term from the source language and its pair in the target language is performed
according to the arranged elements of a data table (Table 1). For better explanation, suppose that the term
& saiul (S3ac” [azolani ostoxani] has been selected among the related terms of the selected system of
the human body in the target text.

Table 1. Data table

English Term Musculoskeletal
Equivalent in Al FBlae
Persian (azolani + ostoxani)
Gloss muscular + skeletal
Back' muscular-skeletal
Translation
Parts of Speech adjective
. azolani ostoxan+i
Morphological [muscular] [skeletal]
Analysis
root root + suffix
Parts of Speech adjective adjective

Tabatabaee’s

balanced structure

Persian ! : '

Structure Adj+ - + Adj. = Adj
Morphosyntactic ] ]
Structure Adj + Adj

Word Formation

(borrowing, derivation) + derivation

Translation . o
through translation 4 substitution
Procedure
Sager’s Criteria PLLA Principles
Result Result
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Among the selected terms, a few have equivalents that are composed of two separate words, one with
borrowing and derivation processes and the other with only the derivation process. As in the example,
the single Greco-Latin term of “musculoskeletal” (Dorland’s Medical Dictionary, 2005) is composed
of two free root words of “musculus” and “skeleton” which have been embedded by the derivational
Latin suffix “al”. Like other examples of this group of terms, the equivalent consists of two separate
words,” s2b=e” [azolani] /azola:nl/ (muscular), which is Arabic, and “&) 533 [ostoxani] /ostoxa:nl/
(skeletal), which is Persian. The former matches with the borrowing process, while the latter is a native
word in the target language. Both of them indicate derivation in their word formation processes as well.
The suffix “i” as an adjectival suffix is observed in both Persian words. In Persian, it is not possible to
combine the two words together by adding the suffix only to one of them, so the translator is required to
produce two independent adjective words which do not make a phrase. In this example the translation
procedure is through translation since “musculoskeletal” is a compound word.

Table 1 shows the analysis of the equivalent produced and it could be concluded that this compound
equivalent is not applicable due to its unconformity to Sager’s 7 and 8 criteria and mismatches with
principle 7 in naming Principles of PLLA. However, it indicates that there is a compatible structure with
the Balanced Structure of Tabatabee’s structures i.e. adj + - + adj.

The problem with the above example is multiplicity. With respect to Sager’s criteria 7 and 8, it is found
that another synonym like [azole i] “s) 4lae” (muscular) can be used that follows the Persian structure,
i.e. [azole] (root) + i (adjectival suffix), while [azole] “4bac” (muscle) is borrowed from Arabic as an
independent word. On the other hand, [azolani] “>xc” is also imported from Arabic as an indepen-
dent adjective. Since [azolani] is an Arabic adjective, it cannot be matched with any Persian structure,
because there is no [ani] suffix in Persian structures that can combine the borrowed noun [azole]. Thus,
no derivability can be found for [azolani] as it is an adjective imported directly from another language.
It violates principle 7 in the naming PLLA principles.

Findings

The findings of the equivalents under this study can be classified into two groups: compatible and incom-
patible equivalents. The compatible terms are the ones which follow all of Sager’s criteria together with
all of the PLLA principles. These terms or words are compatible with all the requirements for naming. In
other words, the compatible terms automatically present those features of translation procedures which
are effective for naming the Persian medical terms. The incompatible terms are the ones which do not
follow one or more naming criteria suggested by Sager or the naming principles recommended by the
PLLA. Such terms or words are incompatible with all or some of the naming requirements for naming.
In other words, the incompatible terms automatically present those features of translation procedures
which are ineffective for naming the Persian medical terms. Table 2 indicates the frequency of distribu-
tion for these two groups of equivalents under this study.

The study identified that around 67% of the terms are incompatible with the basal naming guidelines
employed in the study (Figure 1). Generally, the findings of this study are not limited to the incompat-
ible equivalents, but to the compatible ones also. The compatible equivalents can indicate the effective
translation procedures and naming requirements for the secondary word formation of English medical
terms into Persian. According to Sager (1990, pp.80-83), the terms which belong to scientific and tech-
nological innovations basically differ from the terms accompanying the transfer of scientific and tech-
nological knowledge from one linguistic society to another: “while the former is spontaneous, the latter
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Table 2. Frequency and percentage of the compatible and incompatible equivalents

Equivalents Frequency Percent
Compatibles 112 33.04
Incompatibles 227 66.96
Total 339 100

Figure 1. Distribution of the compatible and incompatible equivalents

OCompatibles
B Incompatibles

can be designed and engineered”. Primary term formation is a process starting with concept formation
in a scientific area. Such a process is out of external control, and is therefore monolingual and affected
by “existing patterns of terms already created”.

The incompatible ones illustrate the incorrect methods which should not be followed in the transla-
tion processes; however, they can be changed to compatible ones by employing the guidelines provided
through this study. The incompatible frequencies, as well as the applied translation procedures, are
important findings of this research and will be discussed in the next sections.

Compatible Terms or Equivalents

The finding shows that Criteria 10, 11 and 12 (C10, C11 and C12) are the criteria which are fulfilled by
the terms in this study. It means that firstly, all the equivalents under this study follow some semantic
criteria. Secondly, the respective terms belong to one meaning each and the meaning does not overlap
with other terms; and thirdly their meanings can be learnt out of context.

Given the PLLA principles, the compatible principles that resulted in the equivalents in this study
are principles 1, 5, 8 and 9 (P1, P5, P8 and P9). Based on the analysis, all equivalents in this study have
been formed in the Persian language area today, and they follow the regularities of word designation
discussed in P5. Principles 8 and 9 are items suggested by PLLA to help the translators and linguists in
case of inquiry. Principle 5 has been classified in lexicology category. As all equivalents in this study
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are compatible with P5, some of the terms are conflicting with those principles suggested by PLLA in
semantic area.

On the other hand, some equivalents are totally compatible with all Sager’s criteria and the PLLA
principles. Those terms are formed by through translation procedure of the ones classified by Newmark
(1988, p.81) including transference, naturalization, through translation, shift, modulation, recognized
translation, literal translation etc. For some terms, substitution and naturalization have been identified as
the translation procedures, and they are utilized in the translation process, which lead the equivalents to
be compatible with all basal guidelines. It indicates that through translation and naturalization are two
effective procedures in translating English medical terms into Persian if they are applied independently
and are not combined with any other procedure.

Incompatible Terms or Equivalents

The most incompatible equivalents have been found the ones which do not fulfill the Sager’s criteria 4
and 7 together with principle 3 of the PLLA. Such terms, with a frequency of 54 occurrences, consists
of 16% of the total terms and 26% of the incompatible terms in this study. The applied translation pro-
cedure in these equivalents include (substitution + shift 4+ through translation) with 50 terms and (shift
+ through translation + naturalization) with 4 terms. It indicates that the majority of incompatibility in
the equivalents belongs to (substitution + shift + through translation). Substitution is a translation proce-
dure suggested by C. Heah (1989, p.191) in which borrowing is employed as a word formation process.

The study also found that the next high frequency of incompatibilities is related to the equivalents
which do not fulfill criterion 4 and principle 3 with a frequency of 48 terms consisting of 14% of the
total terms and 23% of the incompatible terms in this study. The applied translation procedures for these
equivalents are (substitution + shift) with 40 terms and shift with 8 terms. It is clear that the second
important area which is targeted by incompatibilities in this study is (substitution +shift).

Results
The finding of the current study is as below:

1.  The equivalents in this study are more incompatible with the guidelines in the lexicology area
compared to the semantics area.

2. Withrespect to Sager’s criteria, around 52% of the equivalents have been constructed without any
derivational capability (-C4).

3. With respect to the PLLA Principles, around 56% of the equivalents have translations that are
longer than their pairs in the first language (-P7).

4. With respect to the applied translation procedures, most of the equivalents are incompatible with
Sager’s criteria and those equivalents are constructed by (substitution + shift + through translation)
feature of translation procedures.

5. 22% of the terms mentioned in the previous item do not have any derivational capabilities (-C4)
and 15% have at least one more or other synonym (-C7).

6.  With respect to the applied translation procedures, around 33% of the equivalents constructed by
(substitution + shift + through translation) feature of translation procedures are incompatible with
the PLLA principles.
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7. 22% of the terms mentioned in the previous item have longer translations than their pairs in the
first language (-P3). This frequency has been repeated for terms without any derivational capability
(-P4) and for those that have not been constructed with special meaning (-P7).
8. The medical Persian equivalents incompatible with C4 can be categorized into three categories:
a.  Equivalents that have been constructed in a phrase pattern which do not leave any opportunity
for derivational discussion. Such equivalents should be made into single nouns in derivational
area and not into phrases.

b.  Equivalents that do not have any derivation in the source language term pair; therefore, there
is no need to explain them in derivational area.

c.  Equivalents that have been translated incorrectly by the translators which do not follow the
derivational capability.

9.  The main problem of incompatibility of Persian medical terms with Sager’s criteria or the PLLA
principles is due to borrowing and substitution procedures. Therefore, naming through word for-
mation should be done carefully with respect to the compatibility with basal guidelines.

THE RECOMMENDED GUIDELINES SPECIFIC TO THE
TRANSLATION OF ENGLISH MEDICAL TERMS INTO PERSIAN

The findings and discussions conducted the study to many guidelines specific to medical translation,
providing facilities for English-Persian translation of medical terms. Although the current medical equiva-
lents in Persian, either compatible or incompatible, are largely used in the Persian language society, the
following guidelines recommended by this study, will be applicable as the rectification of the existing
translation procedures and naming Persian medical equivalents in the future. The guidelines are as follows:

1. Through translation and naturalization are the translation procedures applicable in the translation
of English medical terms into Persian if no other translation procedure is involved simultaneously
and if the equivalent is a single word and not in a phrase structure.

2. The source language medical term which appears in the form of an adjective or a derived word can
be translated into Persian by through translation or naturalization if no other translation procedure
is involved simultaneously. In this case, the equivalent will be a single word with derivational
capability in the form of a noun or adjective.

3. Substitution and through translation can be employed simultaneously to translate an English medi-
cal term into Persian if the equivalent is a single word with derivational capability.

4.  Naturalization and through translation procedures can be employed simultaneously in the translation
process of an English medical term into Persian if the equivalent is a single word with derivational
capability.

5. In Persian which is a language without any combining form morphemes, the third principle of
PLLA cannot be applied in the naming of words or in the word formation process of the medical
terms, unless the combinational capability of the Persian language is modified.

6. Obviously, derivational capability will not be discussed in the naming process of the Persian
medical terms if the medical equivalent construction is conducted toward phrasal word formation.
Therefore, C4 is not applicable in order to produce such terms or equivalents.
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7. If the (substitution + shift + through translation) feature is employed for the translation of English
medical terms into Persian, for the component of the phrase which has been formed by substitu-
tion (or borrowing), the translation procedure should adhere to either Sager’s criteria or the PLLA
principle. Such situations can be observed for single-word English medical terms, while their
equivalents are in phrase forms.

8.  Iftheconstructed equivalent is a noun phrase, the translator should consider a single-word synonym
as the ‘illustrate’ equivalent for derivational applications.

IMPLICATIONS

The ever-increasing number of imported words and specific terms into the native language is due to
the rapid development of technology and science. It is challenging to find appropriate equivalents for
terms or technical words because of the lack of effective translation guidelines applicable in the transla-
tion process. Research needs to be conducted to solve the problem. The goal of this study is to propose
guidelines specific to translation procedures of English medical terms into the Persian language through
term formation processes. If there is a specific guideline for naming the terms, translators will not seek
equivalents based on individual preferences and there should be consensus within the field and this will
reduce the discrepancy in establishing terminology equivalents. It will also be beneficial for Persian
linguists from the PLLA and Medical Science Academy in Iran, as they can finally come across stan-
dardized and acceptable equivalents in Persian.

Borrowing several equivalents with different word origins for just one imported word illustrates that
none of the available equivalents has been effectively adopted. The problems in scientific and technical
language are due to imitating or borrowing language structures and grammar from several languages,
which is the result of a lack of fixed or standardized scientific terminology or the disagreement among
authors and translators (Sadeqi, 1993, pp.125-6).

Regarding the equivalents incompatible with either Sager’s criteria or the PLLA principles, it should
be emphasized that the problematic area for the translation process of the English medical terms into
Persian has been identified by this study. However, this study highlights that caution needs to be exercised
by translators or linguists not to adopt some features of translation procedures.

RECOMMENDATION FOR FURTHER STUDIES

This research focused on the study of one of the human body systems classified by ICD-9-CM. Future
students, researchers, linguists and translators should conduct further investigations in other systems of
the human body to find more comprehensive or universal results. Indeed, this study is considered a step
towards recognizing any unknown problem in the medical translation process. Therefore, the following
investigations and studies are recommended:

1. To find basic and general guidelines specific to the translation of English medical terms into
Persian, further research is needed to include other human body systems. Comparing the findings
and conclusions with the findings and conclusion of this study will allow us to have more reliable
and fundamental translation approaches or naming guidelines.
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2. Other languages, given their basic language characteristics, may follow this research methodology
to identify their problems with translation of the English medical terms into their language, which
will allow them to have effective guidelines.

3. The guidelines in this study may be applicable to those languages with characteristics similar to
those of the Persian language, which need further investigation by related linguists, terminologists
and translators.

4.  This research style can be employed for the terms in other technological and scientific fields to find
their potential problems with the translation process of the English terms into their equivalents in
Persian, which suggests effective guidelines that are unique to the related field.

5. The guidelines in this study may be applicable to other technological and scientific fields, which
depend on the source language and the target language (Persian).

6. The applied research methodology, the employed research style and the resulted guidelines in this
study may be effective and applicable to information technology and machine translation systems
linguistic databases.

CONCLUSION

In conclusion, this research attempts to look at this issue from the naming secondary term formation
perspective based on the two basal guidelines and the translation procedures employed in translating
medical terms from English into Persian and highlights the compatibility of the equivalents with re-
spect to translation procedures and word formation processes, finding problematic areas and presenting
guidelines unique to translation of English medical terms into Persian.
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KEY TERMS AND DEFINITIONS

Cacophony: According to Encyclopedia Britannica, “cacophony”, the opposite of “euphony”, refers
to combination of words that produce harsh discordance of sound. Linguistically, eaphony and cacophony
belong to the study of inherent pleasantness or unpleasantness of the sound of certain utterances. This
knowledge is called “phonaesthetics”. Morphologically, this word is derived from two Greek word parts
that mean “voice-sound” and “aesthetics.” Despite cacophony, euphony is achieved through the use of
vowel sounds in words. Vowel sounds, which are more easily pronounced than consonants, are more
euphonious; the longer vowels are the most melodious. See dissonance.

Compatibility: In this study, the characteristics of the equivalents or terms will be investigated and
discussed according to the compatibility status with Sager’s criteria and the PLLA principles. In other
words, it will be studied if the terms follow the naming guidelines (as compatible equivalents) or appear
out of naming guidelines (as incompatible equivalents).

Effectiveness: “Effective” or “ineffective” are the terms which are employed in this study for the
effectiveness of the applied translation procedures in the translation process of English medical terms
into Persian. It is evaluated based on four terminological factors suggested by Meyer and Bowker (2006:
p-117) which belong to morphosemantics in linguistics. Conciseness, absence of competing terms, de-
rivative form capability, and compliance with the rules of the language are the four factors that can all
contribute to the effectiveness of the applied translation procedures in translating the English medical
terms into Persian.

Morphosemantics: Morphosemantics is generally a knowledge in linguistics, pertaining to morpho-
logical analysis combined with a semantic interpretation of words.

Naming Guidelines: It refers to the criteria or principles which should be followed in naming or
word designation process. Naming guidelines can be categorized into the ones which are common for
all the languages around the world, namely universal or international guidelines, and the ones which are
specific to a certain language society namely local guidelines.

Naming / Word Designation Process: Naming occurs once a new concept, object, phenomenon and
the like appears. In this process, a name has undergone multiple attempts and word formation processes
(Sager, 1990: p.63).

Translation Procedures: It refers to particular translation courses which are applicable to sentences
and the smaller units of language. (1988). (p. 81). Newmark.

Word Formation Processes: It speaks of the continuous development of new terms and new ap-
plications of old terms leading to language productivity in the way a language is evolved based on its
user’s requirements (Yule, 1988: p.52). There are different ways for word formation to enter lexicon.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 5136-5147, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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ABSTRACT

Adaptive hypermedia systems are systems that modify the different visible aspects based on the user
profile. To provide this adaptation, the system is modeled according to a user model, which stores
the information about each user. This information can include knowledge, interests, goals and tasks,
background and skills, behavior, interaction preferences, individual traits, and context of the user. This
chapter’s goal is to introduce adaptive hypermedia systems fundamentals and trends. In this context,
this chapter identifies some methods and techniques used to adapt the content, the presentation, and
the navigation of the system. In the end, some applications (ELM-ART, Interbook, AHA!, AdaptWeb®)
and trends (standardization, data mining, social web, device adaptation, and gamification) are exposed.
As a result, this chapter highlights the importance of the improvement and the use of adaptive systems.

INTRODUCTION

With the growth of access to technology, the limitation of the traditional hypermedia applications has
become evident: it provides the same contents and links to all users, disregarding their profiles and
individual characteristics. Considering a diverse user population, the traditional system is not able to
be “all things to all people”, since students with different goals will need different explanations, read-
ers with different interests will enjoy different books and visitors with different knowledge will avail
different curiosities about a place (Brusilovsky, 2001). An attempt to bypass the negative effects of the
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“one-size-fits-all” approach is in providing these systems the ability to adapt themselves according to
the needs of the individual user (Brusilovsky et al., 1998).

Based on that, Adaptive Hypermedia (AH) systems are all hypertext or hypermedia systems that
reflect some features of the user (e.g., goals, preferences and knowledge) in a user model and modify
their various visible aspects according to this model (Brusilovsky, 1996). When hypermedia records
and stores learners’ preferences, individual needs and learning goals, using them throughout interaction
in order to meet their personal needs and to promote a better learning, then hypermedia becomes AH
(Turel, 2015). To be considered an AH, the system should satisfy three criteria: being a hypermedia (or
hypertext) system, having a user model and using this model to adapt the hypermedia (Brusilovsky, 1996).

In order to meet the first criterion, the system should store all information into small units (usually
called nodes) containing text (hypertext) or other forms of information (hypermedia). These units are
presented one per window, being interconnected by links that allow users to navigate in a predefined
way (Akscyn et al., 1988). To meet the second criterion, it must have a model where data about the users
(e.g., knowledge, interests, goals and individual traits) are stored (Brusilovsky & Millan, 2007). Finally,
the AH system must adjust its presentation — content (defining the most relevant contents to each user
and how to structure them) and interface (making a presentation more efficient and meaningful to the
user) (Bunt et al., 2007) — and navigation (guiding the user in the hyperspace through the selection and
presentation of the most important links in order to continue the navigation system) (Brusilovsky, 2007)
based on the data to be stored in the user model.

There are different application areas to AH systems, e.g.: Educational Hypermedia, On-line Informa-
tion, On-line Help, Information Retrieval, Institutional Information, Personalized Views, etc. The AH
educational systems goal is to create an instructionally sound and flexible environment that supports
learning for students with arange of abilities, disabilities, interests, backgrounds, and other characteristics,
enabling students to learn as much as possible on the available material (Shute & Zapata-Rivera, 2012).

The aim of this chapter is to present Adaptive Hypermedia Systems fundamentals and trends. To
achieve it, section 2 introduces the background about user modeling. Section 3 describes some methods
and techniques that allow adaptation. Section 4 illustrates some of the existing AH systems. Section 5
points out trends and future directions and Section 6 concludes this work.

BACKGROUND

User model is the representation of information about an individual user, which is essential to make the
AH system behave differently according to each user. Based on this model, the AH system can prioritize
the most relevant results of a search, manipulate links to facilitate the navigation and present the content
adaptively. During the user modeling, the amount and nature of the sorted user information depends on
the kind of adaptation effect the AH system has to deliver (i.e., content, presentation and/or navigation)
(Brusilovsky & Millan, 2007). The most common stored data are described below based on Brusilovsky
& Millan (2007) and Schiaffino & Amandi (2009).

e  Knowledge about the application domain enables proper assistance or content adaptation. The
users’ knowledge is a changeable feature that can increase (i.e., learning) or decrease (i.e., forget-
ting) from time to time. The AH system must recognize this change and update the user model
to provide a more reliable and assertive adaptation. The knowledge about each element can be
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represented in binary form (i.e., knowing or not) or in scalar form, either quantitative (e.g., from
zero to ten) or qualitative (e.g., beginner, intermediate, expert).

Interests can represent news, web pages, documents, work-related or hobbies-related topics that
can be classified as short-term or long-term interests. These interests can be stored in several ways:
through weighed vector of keywords (weights usually represent the relevance of each keyword),
topic hierarchies (each node in the hierarchy represents a topic of interest, defined by a set of rep-
resentative words) and topic ontology (an human-understandable, but machine-readable format).
Goals and Tasks represent the immediate purpose or objective for a user’s work within the system,
usually being a learning goal in educational AH systems. The goal or task is almost always chang-
ing from session to session or even several times within one single session, being the most change-
able user feature. Plan recognition is not trivial but it is a useful technique that helps discovering
the user’ intention by observing the set of input tasks and inferring the next (most probable) one
and, hence, the user’s goal. Goals or tasks can be represented in the user model with the same pat-
terns of the knowledge, but also as a Bayesian network where nodes represent user tasks and arcs
represent probabilistic dependencies between them.

Background and Skills are a set of features related to the user’s previous experience outside the
core domain of the system (e.g., profession, work experience or language) and they are used most
frequently for content adaptation. They are very similar to user’ knowledge and they can be also
stored as binary or scalar form, but their update is typically explicitly (requesting users themselves
or their superior — e.g., teacher, boss — to fulfill their background and skills).

Behavior represents a repetitive pattern that can be used to assist the user. The modeled behavior
type depends on the application domain: some systems help users to schedule their day (by learn-
ing rules and suggesting meetings based on them), buying things (by recording preferences) and
learning (by recording the period of time that an action occurs), for instance.

Interaction preferences refer to the users’ interaction habits and preferences when they interact
with an interface. The AH system should infer the preferred agent action (e.g., warning, sugges-
tion or interruption of the work) and modality for different situations or contexts. For example, one
student is creating a study group to review the content on Saturday, but another student involved
probably will not attend because he never attended commitments on Saturday. Some students
would prefer a simple warning, while others would want suggestions about an alternative date. To
learn users’ interaction preferences, the AH system must store information about the necessary
situations and the intervention type.

Individual traits define who the user is as an individual, including demographic information (e.g.,
sex, age, marital status, country, number of children), personality traits (e.g., introvert/extravert),
cognitive styles (e.g., holist, serialist), cognitive factors (e.g., working memory capacity) and
learning styles.

Context involves any information that can be used to characterize the person, place or object
which is relevant to the interaction between the user and the AH system, including the user and
the system themselves. Context-aware systems provide relevant information based on the context
and the adaptation is guided by the user needs.

The process of acquiring information to fulfill the user model involves capturing the appropriate data,
selecting the relevant information and interpreting the user interactions activities (Koch, 2001). This
acquisition can be explicitly (through the input of data via forms provided for this purpose) or implicitly
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(observing actions). The problem of explicitly acquisition is that users are not willing to fill in long forms
providing information about them and, if they do, it may not be the truth about them (intentionally or
deliberately). Based on data stored in the user model, the AH system can perform the adaptation with
many different methods and techniques.

METHODS AND TECHNIQUES

Many techniques and methods can be used to adapt hypermedia systems. While techniques are a part
of the implementation level (being characterized by a specific kind of knowledge representation and by
a specific adaptation algorithm), methods are part of the contextual level (being generalizations of one
or more techniques) (Brusilovsky, 1996). This section describes some existing methods and techniques
divided into three levels: content, presentation and navigation.

Content Adaptation

Content level enables the AH system to modify content, showing basic or detailed information about a
topic according to users’ knowledge, for example. The content adaptation aims to increase the system
usability for a group of users with different knowledge, background and goals. This adaptation consists
essentially in providing additional, comparative or alternative content, also hiding the irrelevant parts
of content for each user (Gasparini, 2003). Content adaptation methods can be divided into: Additional
Content, Explanation Variant and Sorting, described below based on Brusilovsky (1996) and Kobsa et
al. (2001).

e Additional Content: Shows only the relevant fragments based on goals, interests, preferences or
levels of knowledge of each user. It is the most widely used method to adapt the content, being
divided into:

° Additional Explanation: Hides irrelevant fragments to the current level of knowledge of the
user (i.e., inability to understand) or in agreement with user interest.

° Prerequisite Explanation: Modifies the fragments based on prerequisites among related
concepts and on user’ knowledge. AH system considers that the user knows about the related
concepts (i.e., prerequisites) if the user has already accessed each one.

o Comparative Explanation: Presents a comparative explanation (defining similarities and
differences) between the presented concept and related ones. This method is based on simi-
larity links between concepts.

e  Explanation Variant or Variant Content: Stores variants of the fragments and shows only the
ones considered more appropriate for each user. This method is usually used when showing or
hiding fragments is not enough, since users may need information fundamentally different.

e  Sorting: Places the fragments in a hierarchical order and the most relevant fragments are dis-
played first, based on the user’s background and knowledge.

Content adaptation techniques are described below based on Brusilovsky (1996), Kobsa et al. (2001)
and Knutov et al. (2009):
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e  Conditional Text: Divides all information into fragments and each fragment is associated with
one or more conditions represented in the user model (if conditions are satisfied, the content is
presented). This is used to implement the Additional Content and Explanation Variant methods.

e  Adaptive Stretchtext: Shows or hides all fragments related with a specific “hotword”. It replaces
the hotword with the fragments if they are important and relevant, based on the user’ knowledge
and preferences. Otherwise, fragments will be collapsed and the user will only see the hotword.
This technique is used to implement the Additional Content method.

e  Page Variant: Stores two or more variants of a page to present differently the same concept. This
technique is used to implement the Explanation Variant method.

e  Fragment Variant: Stores two or mode variants of a fragment to be combined during the pre-
sentation of a single page, in a way that best suits the user model. This technique is considered
more complex to implement than the Page Variant technique, since the page needs to be dynami-
cally created with the predefined fragments. This technique is used to implement the Additional
Content and Explanation Variant methods.

e  Fragment Coloring: Presents the same content while highlights the fragments of information
according to their classification (e.g., very relevant, relevant, less relevant and irrelevant) for each
user. This technique is used when all users must view the same content (sorting method) because
it has a relatively low adaptation.

e  Frame-Based Approach: Represents all information about a particular concept in form of a
frame. These slots of a frame can contain several explanation variants of the concept, links to
other frames and examples that are shown, hidden and reordered based on the user model. This
technique is used to implement the Additional Content, Explanation Variant and Sorting methods.

Presentation Adaptation

Presentation level enables the AH system to present more or less navigational functionalities based on
user’ knowledge, background and skills. The presentation adaptation aims to increase the system us-
ability for users, by making a visual change (layout) or textual change (language) (Gasparini, 2003).
Presentation adaptation methods can be divided into: Multi-language and Layout Variant, described
below based on Koch (2001).

e  Multi-Language: Changes the system language according to the user’s preference, which may
also depend on the context.

. Layout Variant: Creates several alternatives for required items of interface: color, font size, font
style, size, maximum image size, text orientation.

Presentation adaptation techniques to implement the presentation adaptation methods are almost the
same techniques used for adapt the content, except for the adaptive stretchtext and the fragment coloring.
The Conditional Text, Page Variant, Fragment Variant and Frame-based Approach techniques can be
used to implement Multi-language and Layout Variant methods. Beyond these techniques, there is the
Styleguiding technique, which defines different styleguides for the same page, to implement the Layout
Variant method (Koch, 2001).
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Navigation Adaptation

Adaptive navigation helps users to find their paths in hyperspace by modifying the presentation of links
(Brusilovsky, 1996). A link is a visible and “clickable” representation of related pages for which the
user can navigate, being classified by its kind: Local Non-contextual Links, Contextual Links, Links
from Index or Content Pages and Links on Local or Global Hyperspace Maps. Navigation adaptation
methods can be divided into: Local Guidance, Global Guidance, Local Orientation, Global Orientation
and Personalized Views, described below based on Brusilovsky (1996).

e  Local Guidance: Helps users to continue the navigation, suggesting the best link(s) from the cur-
rent page, based on users’ preferences, knowledge and background.

e  Global Guidance: Helps users to find the shortest path to get to what they are looking for, through
the suggestion of the most appropriate links from the current page, for example.

e  Local Orientation: Helps users to understand the different possibilities of navigation and to fol-
low the most appropriate link from a given position.

e  Global Orientation: Helps users to understand the structure of the entire hyperspace and their
position within this structure.

e  Personalized Views: Generates and updates the hyperspace with a personalized view for the user,
building a working interface in a personalized way through adaptation.

Navigation adaptation techniques can be divided into: Direct Guidance, Sorting of Links, Link Hid-
ing, Link Removal, Link Disabling, Link Annotation and Map Adaptation, described below based on
Brusilovsky (1996), De Bra & Calvi (1998) and Knutov et al. (2009).

e Direct Guidance: Chooses the best page to continue the navigation. This is the most flexible
technique, since it is possible to recommend a link that is not directly related to the actual one.

e  Sorting of Links: Classifies and orders the available links, placing the most relevant links first. Its
usage can reduce the navigation time, but it also can confuse users who reminds the link location,
since the AH system reorders the links on each access.

e Link Hiding: Restricts the navigation by hiding irrelevant links. This is one of the most used
techniques to adapt the navigation because it can be used with all kinds of links described above,
besides reducing the workload of the user.

e  Link Removal: Restricts the navigation by removing irrelevant links, instead of hiding them.
This technique is usually combined with the Sorting of Links technique, which defines the most
relevant links to be shown while the others are removed.

e Link Disabling: Restricts the navigation by disabling the functionality irrelevant links (i.e., re-
moving anchors of links). In this case, the link is still visible to the user, but clicking on it will
have no effect.

e  Link Annotation: Adds comments to the link, allowing users to know more about its actual state.
This comment can be textual or visual (using icons, colors or different font size) and it can clas-
sify links in several ways (e.g., visited/not visited, very relevant/relevant/irrelevant, not ready to be
learned/ready to be learned/learning/learned) instead of only two (relevant/not relevant).
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e  Map Adaptation: Is a combination of all other techniques listed above, being applied to a graphi-
cal presentation of the navigational structure (i.e., map). It can be used to adapt the map without
changing its structure, while reducing the browsing space by elimination anchors and guiding us-
ers in order to prevent them to get lost in the hyperspace.

There are several applications that use these methods and techniques to perform the adaptation of
the system, described in the following section.

APPLICATIONS

Focusing on Educational Hypermedia, one of the first web-based AH systems created was the ELM-ART
(acronym for ELM-Adaptive Remote Training), which was originally implemented to help students in
learning LISP programming language (Brusilovsky et al., 1996). Even with the positive results of sev-
eral empirical studies, ELM-ART approach received few expansions since its original version had many
limitations (e.g., it can only focus on beginners due the high complexity of advanced concepts compared
with the benefits of the possible learning support and it allows only the authors to add new content and
activities) (Weber & Brusilovsky, 2015). Another Educational AH system is Interbook, created as an
attempt to refine and improve some features of ELM-ART. Interbook uses users’ knowledge to provide
adaptive guidance (via direct guidance) and adaptive navigation (via link annotation) (Brusilovsky et
al., 1998).

One of the most famous AH system is AHA! (Adaptive Hypermedia Architecture), which is an open-
source and web-based system originally created for educational area (De Bra et al., 2006) that likewise
distilled some of the ELM-ART limitations. AHA! uses the AHAM reference model and some methods
to adapt its content (e.g., additional content) and presentation (e.g., layout variant), in addition to some
techniques to adapt the navigation (e.g., link hiding, link removal and link annotation) (De Bra & Calvi,
1998) (De Bra et al., 2003).

The AdaptWeb® system is an Educational AH system focused on distance education. The Adapt-
Web® architecture is based on four modules: authoring, storage, content adaptation and adaptive inter-
face modules. The authoring module structures and organizes the instructional content via an authoring
tool (creating a structure of concepts, establishing prerequisites criteria and associating files, examples,
exercises and complementary materials for each the concept). The storage module receives this structure
and stores data in an XML file, which serves as a basis to generate files for the adaptation modules.
The content adaptation and adaptive interface modules work together, adapting the content, presenta-
tion and navigation through the XML generated and the user model (De Oliveira et al., 2003). Based
on user’s educational level, AdaptWeb® applies some techniques such as fragment variants to adapt
content and direct guidance and link removal, disabling and annotation to adapt navigation. Based on
user’s working environment, AdaptWeb® adapts content using conditional text technique and, based on
user’s knowledge, it adapts the navigation using link disabling and annotation techniques. AdaptWeb®
has been constantly updated and improved. Recently, the system incorporated a recommender system,
learning analytics and gamification techniques, which are some of the trends and future research direc-
tions described in the next section.
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FUTURE RESEARCH DIRECTIONS

Although it is not a new area, many trends have been explored in recent years. A study conducted by
Somyiirek (2015) raised some of these trends, divided into seven categories: standardization, semantic
web, modular frameworks, data mining, machine learning techniques, social web and device adapta-
tion. Here we describe some of these trends described by (Somyiirek 2015) and we identified another:
gamification.

Standardization aims to develop a set of interoperable, reusable and accessible resources, besides
facilitating the management of them in the educational context. Standardization in AH systems usually
occurs at the metadata level, which are ways of describing learning objects and user model to enable the
integration with other AH systems (Fischer, 2001). Some metadata standards currently used are: Dublin
Core, IMS Learning Resource Metadata and IEEE Learning Object Metadata (LOM).

Data mining is used to construct an understandable structure by means of analyzing large quanti-
ties of data, being divided into clustering and classification. Clustering assigns students with similar
characteristics in the same group, while classification determines which these characteristics are (e.g.,
interests, skills, cognitive and learning styles). These data are usually used to recommend learning objects
more effectively to each characteristic or even to implement a recommender system (Somyiirek, 2015).

Social web has become very popular in recent years since knowledge has become more personal,
social, distributed and dynamic by nature. In addition, mobile devices (e.g., laptops, smartphones and
tablets) are becoming increasingly available and, therefore, they can be used for educational purposes.
Because of that, device adaptation is necessary to provide a better presentation of the content based on
the students’ devices and, also, on their skills (Somyiirek, 2015). In this sense, the work of (Machado &
Oliveira, 2014) proposes the adaptation and resource recommendation for students using mobile devices.

Gamification is a new approach that can be used to motivate and engage students with game elements
and design in non-game contexts (Deterding et al., 2011). In the educational area, there are many initia-
tives involving the use of gamification (e.g., (Grant & Betts, 2013), (Ibanezet al., 2014) and (Hanus &
Fox, 2015)). Although the theme is new, there are already initiatives in order to unite the AH systems
and gamification, as the work of (Klock et al., 2015). This work is in development and aims to perform
the adaptation of gamification based on the characteristics of the students, since not all students will be
motivated by the same game elements.

CONCLUSION

Adaptive Hypermedia (AH) systems are able to adjust their status in accordance with the users’ profile,
behavior and context (Gasparini, 2013), building a user model with various information about user char-
acteristics, such as: skills, knowledge, needs, preferences, behavior, way of interaction with the system,
etc. AH systems bring a new perspective and they can improve the user interaction with computer systems
(Gasparini, 2013), being also an alternative to one-size-fits-all approach and, since they allow different
students to use the same form of environment adapted to their profile, being useful in educational area.
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Through the adaptation of hypermedia systems, it is possible to know the characteristics of students
and facilitate a learning process centered on the user. In this chapter, it was exposed some techniques
and methods used for adaptation and identified some of the main characteristics of students considered
for such adaptation. Thus, it is possible to visualize the importance of AH systems when we analyze the
students’ learning difficulties. This area is expanding and it presents various trends such as standardiza-
tion, data mining, social web, device adaptation and gamification.
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KEY TERMS AND DEFINITIONS

Adaptable Hypermedia System: A hypermedia system that allows the user to customize its prefer-
ences in a non-automatic way.

Contextual Links or Real Hypertext Links: Links that can be embedded in the context of the page
(e.g., using “hotwords” in texts, “hot spots” in images), but they cannot be removed. They are not easy
to manipulate as the local non-contextual links.

Links from Index or Content Pages: Appear on pages that contain only links presented in a fixed
order (by alphabetical order for index pages and by content for content pages). These links are usually
easy to manipulate, unless the page is implemented as an image.

Links on Local or Global Hyperspace Maps: Appear on maps that represent a local area or even
an entire hyperspace as a network of nodes connected by arrows. Using these maps, users can directly
navigate to all visible nodes just by clicking on the representation of the desired node.

Local Non-Contextual Links: Are links independent from the content, being easy to manipulate
and appearing as a set of buttons, links or a pop-up menu.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 6424-6434, copyright year 2018 by Information Science Reference (an imprint of IGI Global).
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Chapter 19

Group Synchronization
for Multimedia Systems

Dimitris N. Kanellopoulos
University of Patras, Greece

ABSTRACT

Group or inter-destination media synchronization (IDMS) addresses the presentation of a stream at all
the receivers of a group, simultaneously. To ensure synchronized delivery of multimedia information,
intelligent synchronization protocols/techniques are required. This chapter illustrates various issues on
intra- and inter-media synchronization and presents the basic schemes for inter-destination media syn-
chronization (IDMS). It presents in short IDMS standardization efforts and novel solutions for new mul-
timedia applications. Finally, it outlines future research directions for multimedia group synchronization.

INTRODUCTION

An important feature of multimedia applications is the integration of multiple media streams that have
to be presented in a synchronized fashion (Li ef al., 1997). Synchronization is mainly the preservation
of the temporal constraints within and among multimedia data streams at the time of playout. Temporal
relations define the temporal dependencies between media objects (Blakowski & Steinmetz, 1996). An
example of a temporal relation is the relation between a video and an audio object that are recorded
during a concert. If these objects are presented, the temporal relation during the presentations of the
two media objects must correspond to the temporal relation at the time of recording. Discrete media like
text, graphics, and images are time-independent media objects, while the semantic of their respective
content does not depend upon a presentation to the time domain. A discrete media object is frequently
presented using one presentation unit. On the contrary, a time-dependent media object is presented as
a media stream. In a continuous media stream (e.g. video), the presentation durations of all units of a
time-dependent media object are equal (Li et al., 1997). For example, a video consists of a number of
ordered frames. Each of these frames has fixed presentation duration.
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Most of the components of a multimedia system support and address temporal synchronization.
These components include the operating system, communication subsystem, databases, documents and
even applications. In distributed multimedia systems, networks introduce random delays in the delivery
of multimedia information, and there are four sources of asynchrony that can disrupt synchronization
(Akyildiz & Yen, 1996):

e  Delay Jitter and Local Clock Drift.

e  Different Initial Collection Times. Let us consider two media sources, one providing voice and the
other video. If these sources start to collect their media units (MUSs) at different times, the play-
back of the MUs of voice and video from the two sources at the receiver loses semantic meaning.

e  Different Initial Playback Times. If the initial playback times are different for each user, then
asynchrony will arise.

To ensure synchronized delivery of multimedia information, intelligent synchronization protocols/
techniques are required. This article illustrates various issues on intra- and inter-media synchronization
and presents the basic schemes for inter-destination media synchronization (IDMS). It presents IDMS
standardization efforts and novel solutions for new multimedia applications. Finally, it outlines future
research directions for IDMS.

BACKGROUND
Intra-Media Synchronization

Intra-media synchronization refers to the time relations between the presentation units of one time-
dependent media object. An example is the time relations between the single frames of a video sequence.
The spacing between subsequent frames is dictated by the frame production rate. Jitter may destroy the
temporal relationships between periodically transmitted MU s that constitute a real-time media stream,
thus hindering the comprehension of the stream. Playout adaptation algorithms undertake the labor
of the temporal reconstruction of the stream, which is referred to as the restoration of its intra-stream
synchronization quality (Park & Choi, 1996). Adaptive media playout (AMP) improves the media syn-
chronization quality of streaming applications by regulating the playout time interval among MUs at a
receiver. To mitigate the effect of the jitter, MUs have to be delayed at the receiver in order a continuous
synchronized presentation can be guaranteed. Therefore, MUs have to be stored in a buffer and the size
of this buffer will correspond to the amount of jitter in the network. As the synchronization requirements
can vary according to the multimedia application on hand, we must control the individual synchronization
(delay sensitivity, error tolerance etc.) for each media separately. To this direction, Park and Choi (1996)
investigated an efficient multimedia synchronization method that can be applied at intra-media synchro-
nization in a consistent manner. They proposed an adaptive synchronization scheme, based on the delay
offset and playout rate adjustment that can match the application’s varying synchronization requirements
effectively. Park and Kim (2008) introduced an AMP scheme based on a discontinuity model for intra-
media synchronization of video applications over the best-effort networks. They analyzed the temporal
distortion (i.e., discontinuity) cases, such as playout pause and skip, to define a unified discontinuity
model. Finally, Laoutaris and Stavrakakis (2002) surveyed the work in the area of playout adaptation.
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Inter-Media Synchronization

Inter-media synchronization refers to the synchronization between media objects of a multimedia ob-
ject. An example of inter-media synchronization is the Lip Synchronization that refers to the temporal
relationship between an audio and video stream for the particular case of human speaking (Aggarwal &
Jindal, 2008). There are many systematic specification methods to describe synchronization problems.
Blakowski and Steinmetz (1996) illustrated the main synchronization specification methods: interval-based
specifications, control flow-based specification, axes-based synchronization, event-based synchroniza-
tion, scripts, and comments. A Synchronization Specification of a multimedia object can describe all
temporal dependencies of the included objects in a multimedia object. It is comprised of:

Intra-object synchronization specifications for the media objects of the presentation.
Quality of Service (QoS) descriptions for intra-object synchronization.

Inter-object synchronization specifications for media objects of the presentation.
QoS descriptions for inter-object synchronization.

To achieve inter-media synchronization various algorithms have been applied. There are several types
of synchronization control such as Skipping (Ishibashi et al., 2002a), Buffering (Ishibashi et al., 2002a),
Adaptive Buffer Control (ABC) (Wongwirat & Ohara, 2006), Queue Monitoring (QM) (Hikichi et al.,
2002), Virtual-Time Rendering (VTR) (Ishibashi et al., 2002b), and media adaptive buffering (Isomura
et al., 2011). Boronat et al. (2009) have reviewed the most powerful inter-media synchronization algo-
rithms. The building blocks of these algorithms are the synchronization techniques utilized both at the
sender and receiver sides. These algorithms can use multiple of synchronization techniques to achieve
the synchronization mechanism even from different categories (Din & Bulterman, 2012).

Classification of Inter-Media Techniques

Synchronization techniques can be categorized according to the ‘location’, ‘purpose’, ‘content’, and
‘information used’ (Boronat et al., 2009).

e  Location of Synchronization Technique: The synchronization control can be performed either
by source or receiver. If control is performed by the source, most of the time it will require some
feedback information from the receiver. The receiver will tell the source about the degree of asyn-
chrony at the current instance.

e  Live vs. Synthetic Synchronization (Type of Media): In /ive media, the temporal relations are
exactly reproduced at a presentation, as they existed during the capture process. Synthetic syn-
chronization techniques are used for stored media.

e Information Used for Synchronization Technique: The information included in the MU can
be different like timestamp, sequence number. Some techniques use either sequence number or
timestamp, while others may use both.

e  Purpose of Synchronization Technique: The techniques can be divided into four subcategories
with respect to its purpose:
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° The basic control techniques, which are required in almost all the algorithms. Examples are
the attachment of synchronization information in MUs at source and buffering of MUs at
receiver.

° The common control techniques, which can be applied in both ways.

° The preventive control techniques, which are used to prevent the asynchrony in the streams.

° The reactive control (or corrective) techniques are designed to recover synchronization in the
presence of synchronization errors.

Table 1 shows a classification of inter-media techniques, based on the above criteria.

MAIN FOCUS OF THE ARTICLE

Group or inter-destination media synchronization (IDMS) addresses the presentation of a stream at all
the receivers of a group, simultaneously. For example, in real-time distance learning, tutor multicasts
a multimedia lesson to a group of students located at different areas. The levels of required synchrony
among the receivers depend on the application on hand. Akyildiz and Yen (1996) introduced group
synchronization protocols for real-time, multimedia applications, including teleconference and multi-

Table 1. Classification of inter-media techniques

Technique Location Description

Source control e Add information useful for synchronization: timestamps, sequence numbers (identifiers),
Basic Control event information and/or source identifiers.

Receiver control o Buffering techniques

o Skip or pause MUs in the transmission process.
e Advance the transmission timing dynamically.
o Adjust the input rate.

e Media Scaling.

Source control
Common

Control

o Adjust the playout rate.

Receiver control . .
o Data interpolation.

e Initial playout instant calculation.
Source control o Deadline-based transmission scheduling.
o Interleave MUs of different media streams in only one transport stream.

Preventive
Control ® Preventive skips of MUs (e.g. discardings) and/or preventive pauses of MUs (repetitions,

insertions or stops).
o Change the buffering waiting time of the MUs.
o Enlarge or shorten the silence periods of the streams.

Receiver control

o Adjust the transmission timing.
Source control e Decrease the media streams transmitted.
e Drop low-priority MUs.

o Reactive skips (eliminations or discardings) and/or reactive pauses (repetitions, insertions
or stops).

e Make playout duration extensions or reductions (playout rate adjustments).

Receiver control o Use of a virtual time with contractions or expansions.

e Master/slave scheme

o Late event discarding (Event-based).

® Rollback techniques (Event-based)

Reactive
Control
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media on demand services. Their protocols achieve synchronization for all configurations (one-to-one,
one-to-many, many-to-one, and many-to-many), and do so without prior knowledge of the end-to-end
delay distribution, or the distribution of the clock drift. The only a-priori knowledge the protocols require
is an upper bound on the end-to-end delay. Recently, Boronat et al. (2009) reviewed the most popular
multimedia group and inter-stream synchronization approaches. Group synchronization techniques can
be classified at three schemes. These schemes are based on the Virtual-Time Rendering (VTR) media
synchronization algorithm to determine the output timing of each MU, so that the timing can be the
same at all the destinations. For better understanding of these schemes, consider that M sources and N
destinations/receivers are connected through a network. MUs of M different streams have been stored
with timestamps in M sources, and they are broadcasted to all the receivers. The timestamp contained
in a MU indicates its generation time. The streams fall into a master stream and slave streams. At each
receiver, for inter-media synchronization, the slave streams are synchronized with the master stream by
using an inter-media synchronization mechanism.

Master/Slave Receiver Scheme (MSRS)

In MSRS (Ishibashi et al., 1997), the receivers are categorized into one Master receiver and Slave re-
ceivers. Multiple streams are received at each receiver and one of these streams acts as master stream in
order inter-media synchronization to be achieved at each receiver (Figure 1).

None of the slave receivers send any feedback information about the timing of the playout processes.
It adjusts the playout timing of MUs to that of the master receiver. Only the master receiver sends (multi-
casts) its playout timing to all the other (slave) receivers. The master receiver controls and computes the
presentation time of the MUs according to its own state of the received stream data. Group synchroniza-

Figure 1. Master/slave receiver scheme
Sithu and Ishibashi, 2015.
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tion is achieved by adjusting the presentation time of the MUs of master stream at the slave receivers to
that of the master receiver. Therefore, the slave receivers should present MUs at the same timing as the
master receiver. The synchronization of the slave receivers is achieved as follows:

e  The master receiver multicasts a control packet to all slave receivers. This control packet includes
the presentation time of its first MU of master stream. This process is called “initial presentation
adjustment”.

e  When the target presentation time of the master receiver changes, the master receiver notifies all
the slaves about this modification by multicasting a control packet. This control packet contains
the amount of time that is modified and the sequence number of the MU for which the target pre-
sentation time has been changed.

e  The master receiver periodically multicasts proper control packets to accommodate the newly
joined slave receivers.

Boronat et al. (2008) presented MSRS by extending the RTP/RTCP (Real-time Transport Protocol/
RTP Control Protocol) messages for containing the synchronization information. Figure 1 presents the
different type of message exchanges in the basic MSRS. The advantage of the MSRS technique is its
simplicity and decreased amount of information exchange (i.e. control packets) to support group syn-
chronization. However, the selection of the master receiver can influence the performance of the scheme.
If the faster receiver is selected as the master receiver, it can cause the Buffer underflow in the (slower)
slave receivers, which can result as the poor presentation quality at slow receivers. On the contrary, if
the slowest receiver is selected as master, it can cause Buffer overflow on fast slave receiver(s). This
will result as high packet drops at faster slave receiver(s). A problem with the MSRS technique is that
the master can act as a bottleneck in the system. A second problem deals with the associated degree of
unfairness with the slave receivers. Boronat et al. (2011) discussed possible options with pros and cons
for the master selection in this scheme.

Synchronization Maestro Scheme (SMS)

In SMS scheme, all the receivers are handled fairly as there are not master and slaves (Ishibashi & Tasaka
1997). SMS involves a Synchronization Manager (SM), which can be performed by one of the source
or receiver. For example, in Figure 2, one receiver/destination performs the SM.

Each receiver estimates the network delay and uses the estimates to determine the local presentation
time of the MU. Then, each receiver sends this estimated presentation time of MU to the SM. After that,
the SM gathers the estimates from the receivers, and adjusts the presentation timing among the receivers
by multicasting control packets to receivers. The SMS scheme assumes that clock speed at the sources
and receivers is the same, and that the current local times are also the same (i.e., globally synchronized
clocks). Figure 2 depicts the basic principle of the SMS technique. Boronat et al. (2009) presented the
RTCP based schemes, which follow the same basic principle. The SMS scheme (like the MSRS) is a
centralized solution, and thus it can confront the bottleneck problem. The advantage of the SMS scheme
over MSRS is its fairness to the receivers, as the feedback information of all the receivers is accounted
for determining the presentation time of the MU. However, this fairness costs more communication
overhead among the receiver and the synchronization manager.
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Figure 2. Synchronization maestro scheme
Sithu and Ishibashi, 2015.

Distributed Control Scheme (DCS)

Figure 3 illustrates the DCS scheme (Mauve et al., 2004). Each receiver estimates the network delay, and
then determines the presentation time of the MU. Then, it sends (multicasts) this presentation time to
all the receivers. After that, every receiver will have the entire view of the estimated time of MU. Each
receiver has the flexibility to decide the reference play out time among the timing of all the receivers.
The DCS scheme provides higher flexibility to each receiver to decide the presentation time of MU. For
example, it is possible that by selecting the presentation time of other receiver, it can achieve higher group
synchronization quality, but it may cause the inter-media or intra-media synchronization degradation.
In this case, the receiver has the flexibility to choose between the types of synchronization depending
upon the nature of application on hand. If the application on hand requires the higher inter-media or
intra-media synchronization and can sacrifice on the group synchronization to certain limit, then receiver
can select its own determined presentation time and vice versa. DCS is a distributed scheme by nature
and does not suffer from the bottleneck problem. If one or more receivers leave the system, it will not
disturb the overall scheme. This greater flexibility and the distributed nature of DCS make it complex in
terms of processing. This happens because the receiver does more calculations and comparisons before
deciding the presentation time of MU. Finally, DCS has higher message complexity, as each receiver
multicasts the estimated presentation time.

SOLUTIONS AND RECOMMENDATIONS

Standardization of IDMS has been carried out within ETSI (European Telecommunications Standards
Institute) TISPAN (Telecoms & Internet converged Services & Protocols for Advanced Networking). In
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Figure 3. Distributed control scheme
Sithu and Ishibashi, 2015.
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addition, such standardization is a highlight for the IETF AVTCORE WG (Internet Engineering Task
Force - Audio/Video Transport Core Maintenance Working Group). The specification (ETSI, 2009)
does pose IDMS and the synchronization of media streams from different sources as a requirement for
providing synchronization-sensitive interactive services. These use cases are mostly in the categories of
low or medium synchronization, and not very high requirements are posed to delay differences between
various user equipments. The protocol specification gives a delay difference of between 150 and 400
ms as a guideline for achieving transparent interactivity, based on ITU guidelines for interactivity in
person-to-person communication. ETSI TISPAN has done the first work on standardizing RTCP usage
for IDMS. The ETSI proposal is a dedicated solution for use in large-scale IPTV deployments, with
low to medium level synchronization requirements. Other services such as Internet-based video services
may also benefit from IDMS, and other use cases require higher levels of synchronization, and are not
supported by the ETSI solution (Montagud et al., 2012). Within the Internet Engineering Task Force
(IETF), the AVTCORE working group (Brandenburg et al., 2012) carries out standardization of the
RTCP-based IDMS protocol. This is the core group that is responsible for the RTP and accompanying
RTCP protocol. Most RTCP extensions are developed within the IETF. Boronat et al. (2009) described
most IDMS solutions that define new proprietary protocols, with specific control messages, that should
increase the network load. Montagud et al. (2012) presented up to 19 use cases for IDMS, each one
having its own synchronization requirements.

Presentation adaptation and flow control is a feasible solution to achieve a smooth multiple-stream
distributed multimedia presentation. Huang et al. (2001) proposed the Pause-And-Run approach for k-
stream (PARK) multimedia presentations over Internet to achieve reliable transmission of continuous
media. They evaluated the application of the PARK approach over the Internet. The evaluation results
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revealed a suitable buffering control policy for the audio and video media, respectively. The character-
istics of the PARK approach are:

e  PARK adopts TCP to achieve reliable transmission for continuous media.

e A novel flow adaptation scheme is proposed to reduce the overhead of the network and end-hosts
as the slow-start scheme is embedded in TCP. The server adapts its transmission rates to the buf-
fer situation of the client and prevents the client’s buffers from overflow and underflow as much
as possible.

e  With the provision of multiple-stream synchronization and the multi-level adaptation control, the
client achieves smooth multimedia presentations and graceful presentation degradation.

Realization of Synchronous shared experiences requires that users feel that they are coherently
communicating with each other. Vaishnavi ef al. (2011) analyzed challenges that need to be tackled to
achieve coherence: Quality of service, mobility and distributed media synchronization. They presented
their solution to distributed media synchronization. Their design uses the local lag mechanism over a
distributed control or master—slave signaling architecture. Montagud and Boronat (2012) presented an
evolved version of an RTCP-based IDMS approach, including an AMP scheme that adjusts the play-
out timing of each one of the geographically distributed consumers in a specific cluster, if an allowable
asynchrony threshold between their play-out states is exceeded. Montagud et al. (2014) presented an
IDMS solution based on extending the capabilities of RTP/RTCP protocols. To enable an adaptive, highly
accurate and standard compliant IDMS solution, they specified RTCP extensions, in combination with
several control algorithms and adjustment techniques. Montagud et al. (2015) reviewed the existing sync
reference models by examining the involved features, components and layers in each one of them. Their
study reflects the need for a new modular and extensible theoretical framework to efficiently comprehend
the overall media sync research area. Belda et al. (2015) presented Wersync, a web-based platform that
enables distributed media synchronization and social interaction across remote users. Costa and Santos
(2014) surveyed the existing media sync solutions focused on the TV area, classifying them in terms
of: types of involved devices, types of media content, types of sync techniques, targeted applications or
scenarios, and evaluation methodologies.

Ishibashi ez al. (2014) carried out QoE (Quality of Experience) assessment of fairness between play-
ers in a networked game with olfaction. They investigated the influence of the time it takes for a smell
to reach a player on the fairness. They illustrated that the fairness is hardly damaged when the constant
delays are smaller than about 500 ms. The used media synchronization algorithm considers the human
perception of intra-stream and inter-stream synchronization errors. Ghinea and Ademoye (2010) con-
ducted a perceptual measurement of the impact of a synchronization error between smell sensory data
and audiovisual content, assuming the audiovisual lip skew is zero. Their results show a synchronization
threshold of 30 s, when olfaction is ahead of audiovisual data, and of 20 s when olfaction is behind.

In joint musical performance, multiple users play their respective same or different types of musical
instruments together, but the media synchronization quality and interactivity may seriously be deteriorated
owing to the network delay. Sithu and Ishibashi (2015) proposed a new media synchronization control
called the ‘dynamic local lag control’. By QoE assessment, they demonstrated that the new control can
achieve high quality of media synchronization and keep the interactivity high.
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Huang et al. (2013) have presented a historical view of temporal synchronization studies focusing
on continuous multimedia. They demonstrated how the development of multimedia systems has created
new challenges for synchronization technologies. They concluded with a new application-dependent,
multi-location, multi-requirement synchronization framework to address these new challenges.

FUTURE RESEARCH DIRECTIONS

Group synchronization techniques could benefit from the cross-layer optimization. Cross-layer opti-
mization allows communication between OSI RM layers by permitting one layer to access the data of
another layer to exchange information and enable interaction (Bin-Salem & Wan, 2012). It contributes
to an improvement of quality of services under various operational conditions. The cross-layer control
mechanism provides a feedback on concurrent quality information for the adaptive setting of control
parameters of a multimedia system. Thus, it can help to the utilization of synchronization techniques
(e.g. preventive control techniques). Soon, researchers will develop more comprehensive multimedia
synchronization sub-systems that will integrate preventive and reactive methods and will take into account
the cross layer optimization and other components (the operating system, communication subsystem,
databases, documents and applications). Such systems must be able not only to achieve intra- and inter-
media synchronization, but also the IDMS to a diversity of new multimedia applications.

In RTP-based multimedia streaming services, client-driven media synchronization mechanisms must
be developed to provide accurate media synchronization such as to reduce: the initial synchronization
delay, the processing complexity at the client device, the number of required user datagram protocol
ports, and the amount of control traffic injected into the network. Such a synchronization mechanism was
recently proposed by Jung and Seo (2016). In their method, the server does not need to send any RTCP
SR packets for synchronization. Instead, the client device derives the precise normal play time for each
video and audio stream from the received RTP packets containing an RTP timestamp.

CONCLUSION

This article has illustrated various issues on intra and inter-media synchronization. It has presented
basic schemes of IDMS and has mentioned IDMS standardization efforts and novel solutions for new
multimedia applications. Also, it has outlined future research directions on IDMS. Certainly, standardiza-
tion of IDMS will facilitate the uptake of implementations and of the interoperability between different
implementations, ensuring a more extensive use of IDMS. Interactive 3D tele-immersive applications
are future applications that can provide geographically distributed users with a realistic and immersive
multimedia experience. Such applications can lead to new requirements for synchronization, and thus
novel multidimensional synchronization models for next-generation multimedia environments must be
proposed. There is also a strong demand to describe the impact of future application heterogeneity on
human synchronization perception.
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KEY TERMS AND DEFINITIONS

Delay Jitter: The variation of end-to-end delay; an inherent characteristic of best-effort networks.

Preventive Control Techniques: They used to prevent the asynchrony in the media streams. They
minimize latencies and jitters and involve disk-reading scheduling algorithms, network transport proto-
cols, operating systems, and synchronization schedulers.

Quality of Experience (QoE): A measure of a customer’s experiences with a service (e.g. IPTV).

Reactive Control Techniques: These techniques are designed to recover synchronization in the
presence of synchronization errors.

Scripts: A synchronization specification method that describes synchronization scenarios in multi-
media objects.

Synchronous Shared Experiences: New social multimedia applications and services wherein groups
of users in different locations can watch multimedia content, while synchronously communicating with
each other.

Synthetic Synchronization: Such synchronization is used in presentation and retrieval-based systems
with stored data objects that are arranged to provide new multimedia objects. The temporal relations
have been artificially assigned to media that were created independently of each other.

Virtual-Time Rendering (VTR) Algorithm: A popular intra- and inter-stream synchronization algo-
rithm applicable to networks with unknown delay bounds. It makes use of globally synchronized clocks,
and consists of the dynamic adjustment of the MUs rendering-time, according to the network condition.

This research was previously published in the Encyclopedia of Information Science and Technology, Fourth Edition edited by
Mehdi Khosrow-Pour, pages 6435-6446, copyright year 2018 by Information Science Reference (an imprint of IGI Global).

241

printed on 2/8/2023 9:48 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



242

Chapter 20

Metadata Standards
in Digital Audio

Kimmy Szeto
Baruch College, City University of New York, USA

ABSTRACT

Audio metadata is an essential tool that supports control and management of systems that create,
transmit, describe, manage, and store digital audio. Technical and structural metadata enable audio
in devices and software applications, descriptive metadata provide context. Metadata also relate and
incorporate audio in a multimedia environment resulting in profound effects on conception, reception,
and consumption. This chapter explores metadata standards in digital audio.

INTRODUCTION

Audio metadata are an essential tool that supports control and management of systems that create,
transmit, describe, manage, and store digital audio. Throughout the lifecycle of digital audio objects—
pre-production, acquisition and production, post-production, distribution, storage, transmission, and ar-
chiving—metadata “describe the attributes of a resource, characterize resource relationships, and support
resource discovery, management, and effective use” (Vellucci, 1999). Technical and structural metadata
enable audio in devices and software applications; descriptive metadata provide context. Metadata also
relate and incorporate audio in a multimedia environment resulting in profound effects on conception,
reception, and consumption.

Issues of audio metadata are intertwined with audio equipment, music production, and informa-
tion technology. Holmes (2006) gives a broad overview of the technology; Gilmer (2004) provides the
background for usage in multimedia production; Lu & Hanjalic (2009) and Kriechbaum (2009) detail
the technical aspects in database systems; Casey & Gordon (2007) offer the information professional
perspective. International audio metadata standards are chiefly issued by the European Broadcasting
Union (EBU), the Society of Motion Picture and Television Engineers (SMPTE), and the Audio Engi-
neering Society (AES). Guidelines for usage and implementation are routinely published by these three
organizations, as well as by manufacturers, libraries, and archives.
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BACKGROUND

Analog sound recording technologies had been in use for over a century when the Compact Disc Digital
Audio (CD-DA) technology emerged in the late 1970s following breakthroughs in signal processing and
the optical medium. Audio continued to be produced in a mixture of analog and digital systems consisting
of single-purpose devices designed for recording and producing audio to be transmitted in either analog
or digital form. The production system was largely determined by the transmission medium—wire, wax
cylinder, shellac disc, vinyl disc, magnetic tape, broadcast, optical disc—each requiring an assortment of
specialty equipment, typically supplied by a single manufacturer. In such vertically integrated systems,
controls and switches that supplied parameters and characteristics (metadata) to the audio were generally
integrated in the hardware. Where metadata were specified and shared, the necessity for interoperability
was limited to the devices immediately before and after in the production chain.

As digital signal processing technologies evolved, the proliferation of recording formats, compres-
sion methods, and media formats made it no longer sensible to build a separate integrated system for
each device combination. In such a mixed production environment, devices need to be able to pass along
and recognize standardized metadata throughout the production process. For several decades since the
1970s, the broadcast industry attempted to standardize metadata within device categories to allow for
interchangeable equipment for each step of the production. But demands for higher flexibility and broader
scope mounted as increasing prevalence of computer software and data networks shifted production
workflow and transmission toward a distributed model. The industry was compelled to re-conceive use
of metadata in not only audio, but also video production in a digital environment where data and content
would be stored and transmitted in the form of computer files. These files, ideally, would encapsulate all
necessary metadata, interoperable through the production chain, regardless of media format or equipment.

EBU and SMPTE established the Task Force for Harmonized Standards for the Exchange of Pro-
gram Material as Bit Streams in 1995 to study the long-term interoperability and stability of production
systems. In its 1997 report, the Task Force elevated metadata to be equal in significance to the signals,
casting the formulas “Content = Essence + Metadata” and “Asset = Content + Rights.” (Essence includes
video, audio, and data; metadata represents information about the essence, including rights.) And, among
other technical details, the Task Force, anticipating the need to store and transmit digital multimedia as
computer files, specified the generalized file format, or “wrapper.” This format consists of three parts—
the preamble, consisting solely of metadata, the body, containing the essence and additional metadata,
and the end-of-file marker. The wrapper provided the means to link metadata and essence logically and
physically. This structure allowed audio files to contain an ever-increasing variety of metadata. SMPTE
published the Metadata Element Dictionary Structure (SMPTE 335:2012) and established the SMPTE
Registration Authority (2010), a public metadata registry, to serve as a basis and the administrative
body for the development of future metadata standards. Open standards will guide the development of
audio and multimedia metadata standards to handle increasingly complex and horizontal system design.
Global adoption of well-defined international standards will facilitate data exchange and re-use, as well
as guarantee long-term preservation and combat format obsolescence.

Efforts to standardize audio metadata also dramatically shaped the consumer experience and con-
ception of audio. With analog audio, consumers’ ability to produce and manipulate audio was limited
to using audiocassette systems. As the Sony Corporation introduced the Walkman, a portable cassette
player, in 1979, listening became personalized. Later, personal portable players were extended to the
Compact Disc medium, even though recording devices did not reach consumers until much later. With
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the advent of storing and transmitting audio as computer files, however, audio consumption was no long
tied to specific media or carriers. Personal computers allowed manipulation of audio and the associated
metadata, and distribution of audio files over data networks. Widespread integration between personal
computers, data networks, and personal portable players spurred consumer demands for describing
and organizing digital audio. Descriptive metadata standards evolved and expanded in scope alongside
techniques to generate audio semantics and analyze consumer preferences and behaviors, resulting in
the ability to create personalized and customizable audio collections.

EMBEDDED METADATA IN DIGITAL AUDIO FILE FORMATS
Pulse-Code Modulation

Pulse-code modulation (PCM) is a method of representing analog signals in digital binaries. It was first
developed in 1937 by British engineer Alec H. Reeves for audio transmissions over telegraph. Reeves
was granted patents in France in 1938, in Britain in 1939, and in the United States in 1942, but lacked
the equipment to produce the digital audio efficiently (Deloraine & Reeves, 1965; Robertson, 2005). The
digital coding of analog signals is accomplished in three steps. Sound signals are sampled at specific
time intervals (8,000 times per second for typical telephone speech; 44,100 for Compact Disc Digital
Audio; up to 96,000 and beyond for high quality recordings). Then, the sampled signals are assigned
values, or quantized. Finally, each of these values is represented in binary code. The uncompressed
digital audio is called Linear PCM (LPCM), while compressed variants are variously called p-law, A-
law, differential PCM, adaptive differential PCM, etc., depending on technique and application. Today,
with the widespread use of semiconductor equipment, PCM serves as the basis for virtually all forms
of digital communications.

Compact Disc Digital Audio

Compact Disc Digital Audio is the standard format for audio on compact discs first released in 1980
by Koninklijke Philips and Sony in a publication commonly known as the Red Book. The Red Book
specifies the maximum duration of a disc (79.8 minutes), tracks per disc (99), and index points per track
(99), the minimum duration of a track (4 seconds), the use of the International Standard Recording Code
(ISRC) (ISO 3901), and the audio format (2 channels of 16-bit LPCM sampled at 44.1 Hz). The Red
Book standard was codified in 1987 in the International Electrotechnical Commission publication IEC
60908, and its second edition was published in 1999.

Several extensions to the Red Book specification have been introduced. CD-Text, introduced by Sony
in 1996 as part of its Multimedia Command Set, provides the ability to store 4 megabytes of textual
information about the audio contents such as album title, track title, and authors in the Interactive Text
Transmission System (IEC 61866), which is also used for MiniDiscs and digital radio broadcasting.
CD-Text has been widely adopted, and CD-Text metadata have been harvested and made available via
online databases such as Gracenote (formerly Compact Disc Database, or CDDB) and freedb.

Compact Disc + Graphics (CD+G) was introduced by Philips and Sony in 1985 for storing low-
resolution graphics for on-screen display during audio playback. This is an early specification involving
storing images as metadata. CD+G and its later revision, Compact Disc + Extended Graphics (CD-EG)
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are chiefly used for interactive audio playback such as karaoke, but, while part of the Red Book standard,
they are otherwise not widely adopted.

Interchange File Format

The Interchange File Format (IFF) (EA IFF 85), developed by Electronic Arts, was originally introduced
in 1985 for graphic files in Commodore-Amiga systems, but it is a generic file format that can be used
for a variety of media types, including audio. The IFF file consists of a sequence of chunks. Each chunk
includes an area that declares the chunk, followed by an area that specifies size, and then the area for
the data (known as Key-Length-Value encoding, or KLV), which may include other nested sub-chunks.
The concepts of chunks, as well as the requirement for each chunk to provide metadata to self-identify
and self-describe, lay the foundation for the basic audio file formats, including Audio Interchange File
Format, developed by Apple Computer, and the Resource Interchange File Format, developed by the
Microsoft Corporation and the International Business Machines Corporation (IBM), on which their
Waveform Audio File Format is based.

Audio Interchange File Format

The Audio Interchange File Format (AIFF) is an audio application of IFF developed in 1988 by Apple.
AIFF originally supported only uncompressed PCM audio; support for compressed audio was added
in its 1991 revision, AIFF-C. Metadata elements specified in AIFF are listed in Table 1. AIFF requires
technical metadata (Common Chunk) and the audio (Sound Data Chunk), while AIFF-C requires an
additional version number (Format Version Chunk). Other optional chunks include additional technical
and descriptive metadata designed to provide machine-actionable capability (such as looping), user- and
application-interactive features (such as commenting), and extensibility. The concept of time-stamped
comments pegged to specific points in the audio data is widely applied today for versioning, subtitling,
user tagging, and provenance tracking. Extensibility provided by the Application Specific Chunk allows
applications to create custom metadata and incorporate external metadata for storing state parameters
such as date last played, last stop position, and user ratings, additional descriptive metadata such as ID3
tags, as well as other binary files such as album cover art—all popular features of audio file manage-
ment software today.

Resource Interchange File Format

The Resource Interchange File Format (RIFF) was introduced in 1991 by Microsoft and IBM. The format
is identical to IFF except for the labeling of chunk names and endianness, the ordering of bytes within
computer memory, which are opposite in the processors used in Apple and IBM computers. Microsoft,
which develops software on IBM computers, has implemented several file formats based on RIFF, in-
cluding the WAV, also introduced in 1991.

Waveform Audio File Format

Metadata elements specified in WAV are listed in Table 2. The functionalities offered by WAV are

similar to those offered by AIFF/AIFF-C, and also allow custom-defined chunks to be included in the
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Table 1. Metadata elements specified in AIFF

Chunk (All Optional Unless Marked)

Comment

Format Version (AIFF-C only, required)

The version of the AIFF-C format.

Common (required)

Technical metadata: number of channels, number of sample frames, bits
per sample, and sample rate. Compression type code and a human-readable
compression type name were added to AIFF-C.

Instrument

Defines the basic parameters of the playback sound sampler, i.e. the
“instrument” as well as looping of audio data segments.

Saxel (AIFF-C draft only)

Sound accelerator data for eliminating decompression artifacts when
playback begins at a point other than the beginning of the audio data. This
chunk was not officially adopted.

Comments Free text that can be time-stamped and linked to a marker.
A marker points to a position in the audio data. It can be used by the
Marker Instrument Chunk, the Comments Chunk, or any other element in the

Application Chunk.

Sound Data (required)

The audio data. Uncompressed LPCM in AIFF; in AIFF-C, the audio data
can be compressed as defined in the Common Chunk.

Name The name given to the audio.

Author The creator of the audio.

Copyright The copyright statement for the audio.

Annotation(s) Free text, but using the Comments Chunk is preferred.
Information that identifies the recording device (according to AES3:

Audio Recoding amamision format Tor two-channelHncaryseprsented diita o dat,
section 7.1, channel status data).

MIDI Data (s) Additional metadata included in the MIDI specification but not in the AIFF

/ AIFF-C.

Application Specific

Custom chunks created for any purpose by device or software application
manufacturers.

file. The latest addition to the WAV format, Wave Format Extensible, supports multichannel audio with

additional technical data.

Broadcast Wave Format

The Broadcast Wave Format (BWF) is an extension of the WAV format. The BWF specification was
first published by EBU in 1997 (EBU Tech 3285) as Version 0. Its Version 1, published in 2000, added
support for the Unique Material Identifier in the SMPTE 330 standard, and was followed by 6 supple-
mental updates listed in Table 3, all of which were subsequently incorporated into the latest Version 2,
published in 2011. BWF gained worldwide acceptance and has been incorporated into other file speci-
fications such as MXF, AES57, and EBUCore/AES60. BWF restricts the audio coding to uncompressed
LPCM and compressed MPEG and specifies an additional Broadcast Audio Extension Chunk (BEXT).
The additional metadata facilitate exchange of audio files between computer platforms and applications,
documentation of processing activities, as well as synchronization with other audio files. Table 4 lists
BEXT metadata fields in BWF Version 2. Supplements of BWF specify additional metadata chunks for
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Table 2. Metadata elements specified in the WAV format

Chunk (All Optional Unless Marked)

Description

Format (required)

Specifies the format, and technical metadata: number of channels, sampling
rate, average sampling rate, and data block size.

Fact Specifies the length of the audio.
Cue Points Identifies a series of positions in the audio.
Playlist Specifies the play order of a series of cue points.

Associated data list

Provides Label (title) and Note sub-chunks to be associated with a cue point;
defines a Text with Data Length Information sub-chunk that associates a
segment of the audio chunk with free text, purpose, country, language, and

dialect.

The audio data. Uncompressed LPCM or compressed as defined in the
Wave data

Format Chunk.
File Contains data or metadata described in other file formats.

Instrument (added in the 1994 update)

Defines the basic parameters of the playback sound sampler, i.e. the
“instrument”’

Sample (added in the 1994 update)

Metadata for sampling keyboards to recognize the WAV audio as an
instrument.

various applications. BWF has been extended to incorporate multichannel (MBWF) support of Wave
Format Extensible. EBU also introduced RF64, which extended the definition of RIFF to support file
size exceeding 4 gigabytes. The latest update in 2009 incorporates MBWF in R64 (EBU Tech 3306).

Other Digital Audio File Formats

Formats that have been developed for more specialized use and narrower functionalities include Sun
Microcomputer’s AU format, Computerized Speech Labs’s NSP format, Entropic Research Laborato-
ries’s ESPS and HTK formats, INRS Telecom’s file format, IRCAM’s Soundfile format, and AT&T Bell

Laboratories’s SPPACK format (Kabal, 2011).

Table 3. Supplements to BWF version 1

Supplement Description
MPEG Audio Specifies the additional technical metadata necessary to describe MPEG audio.
Specifies additional information for the full transmission history of the analog-to-
Capturing Report digital conversion and digital transfers, in order to safeguard the original quality of the
audio.
Specifies additional information about peak audio signal levels in the file, in order to
Peak Envelope . . h
speed up opening, display, and processing.
. Provides a mechanism to link multiple BWF files for seamless output. Metadata is
Link .
expressed in XML.
AXML Formally defines the use of XML metadata in this BWF chunk.
Dolb Specifies additional information associated with Dolby technologies, such as Dolby E,
Y Digital and Dolby Digital Plus.
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Table 4. BEXT metadata fields in BWF version 2

BEXT Data Field Description
Description A brief description of the audio.
Originator Name of the producer of the audio.
Originator Reference An identifier for the Originator, defined in EBU R 99.
Origination Date Creation date of the audio.
Origination Time Creation time of the audio.
Time Reference Time code of the start of the audio.
Version Version of BWF of the file.
UMID Unique Material Identifier defined in SMPTE 330M.

Loudness Value

Loudness Range

Max True Level

Max Momentary Loudness

Max Short Term Loudness

Reserved Reserved for future extension.

Coding History Record of the transmission chain—processing applied to the audio.

Proliferation of digital audio and video on the Internet prompted rapid development of compressed
audio and multimedia technologies. Some digital audio file formats have become known by their com-
pression method, or codec, most notably the popular formats MP3, Advanced Audio Encoding (AAC),
and Microsoft’s proprietary Windows Media Audio (WMA) format; some are subsumed under wrapper
file formats designed for multimedia and streaming delivery, such as the MXF, Ogg, a series of MPEG
standards, and Microsoft’s proprietary Advanced Systems Format. Consequently, the development of
audio metadata diverged—technical metadata continue to be embedded within the audio file or specified
as part of the multimedia file format, while descriptive metadata evolved independently to coordinate
with these formats.

DESCRIPTIVE METADATA
ID3v1 and ID3v2

ID3v1 and ID3v2 are two related versions of metadata containers for descriptive metadata developed
without a standardization body, but are standards in the de facto sense for their wide adoption by software
applications and hardware manufacturers. The introduction of ID3 in 1996, now called ID3v1, is attributed
to programmer Eric Kemp. A chunk of data was appended to the end of the MP3 file container to store
descriptive metadata. The format was extended in 1997 to ID3v1.1, attributed to Michael Mutschler,
which increased the storage size for the metadata (Nilsson, 2006). The ID3v1 chunk is 128 bytes long
with fixed-length metadata tags for title, artist, album, year, comment, indicator for the use of the track
number, track number, and genre code (listed in Table 6). The current standard ID3v2 provides an ad-
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ditional 227 bytes for extensions of title, artist, and album, as well as new tags for speed, genre (free
text), and fading. In 1998, a group of developers introduced ID3v2 (Nilsson, 2012), which makes use of
frames of variable size (up to 16 megabytes each and a total of 256 megabytes). The list of tags is shown
in Table 5. In addition to textual metadata, ID3v2 allows for external URL links as well as embedding
graphic images through the “APIC” frame.

The ID3v2 frame structure has been incorporated in AIFF, but not in WAV and BWF, although in-
corporation is possible by way of a custom ID3 Chunk. The set of ID3v2 tag names is also supported
in WMA and the MPEG-4 (MP4) file formats, but the metadata are stored in a different data structure.

Table 5. List of ID3v2 tags

Frame Code
Frame Name Description
2.2.0 2.3.0 24.0
GENREID genre ID
CONTENTGROUP TT1 TIT1 TIT1 content group description
TITLE TT2 TIT2 TIT2 title/song title/content description
SUBTITLE TT3 TIT3 TIT3 subtitle/description refinement
ARTIST TP1 TPE1 TPE1 lead performer(s)/soloist(s)
BAND TP2 TPE2 TPE2 band/orchestra/accompaniment
CONDUCTOR TP3 TPE3 TPE3 conductor/performer refinement
MIXARTIST TP4 TPE4 TPE4 interpreted, remixed, modified by
COMPOSER TCM TCOM TCOM composer
LYRICIST TXT TEXT TEXT lyricist/text writer
LANGUAGE TLA TLAN TLAN language(s)
CONTENTTYPE TCO TCON TCON content type
ALBUM TAL TALB TALB album/movie/show title
TRACKNUM TRK TRCK TRCK track number/position in set
PARTINSET TPA TPOS TPOS part of set
ISRC TRC TSRC TSRC international standard recording code
DATE TDA TDAT date
YEAR TYE TYER year
TIME TIM TIME time
RECORDINGDATES TRD TRDA recording dates
RECORDINGTIME TDRC recording time
ORIGYEAR TOR TORY original release year
ORIGRELEASETIME TDOR original release time
BPM TBP TBPM TBPM beats per minute
MEDIATYPE TMT TMED TMED | media type
FILETYPE TFT TFLT TFLT file type
COPYRIGHT TCR TCOP TCOP copyright message
PUBLISHER TPB TPUB TPUB publisher

continued on following page
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Table 5. Continued

Frame Code
Frame Name Description
2.2.0 2.3.0 24.0
ENCODEDBY TEN TENC TENC encoded by
ENCODERSETTINGS TSS TSSE TSSE software/hardware settings for encoders
SONGLEN TLE TLEN TLEN length (ms)
SIZE TSI TSIZ size (bytes)
PLAYLISTDELAY TDY TDLY TDLY playlist delay
INITIALKEY TKE TKEY TKEY initial key
ORIGALBUM TOT TOAL TOAL original album/movie/show title
ORIGFILENAME TOF TOFN TOFN original filename
ORIGARTIST TOA TOPE TOPE original artist(s)/performer(s)
ORIGLYRICIST TOL TOLY TOLY original lyricist(s)/text 