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Abstract

Campus discovery is an important feature of a university student induction process. Approaches
towards campus discovery differ from course to course and can comprise guided tours that are
often lengthy and uninspiring, or self-guided tours that run the risk of students failing to complete
them. This paper describes a campus self-discovery induction game (Geospatial Crypto Recon-
naissance) which aims to make students aware of campus resources and facilities, whilst at the
same time allowing students to make friends and complete the game in an enthusing and exciting
way.

In this paper we describe the game construct, which comprises of a location, message, and arte-
fact, and also the gameplay. Geospatial Crypto Reconnaissance requires students to identify a
series of photographs from around the campus, to capture the GPS coordinates of the location of
the photograph, to decipher a ciphered message and then to return both the GPS coordinates and
the message for each photograph, proving that the student has attended the location. The game
had a very high satisfaction score and we present an analysis of student feedback on the game and
also provide guidance on how the game can be adopted for less technical cohorts of students.
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Introduction

Universities, colleges and other higher education institutions - collectively referred to herein as
universities - conduct an induction program, also known as orientation or registration week, for
new students at the first year of their studies at Bachelors, Masters and other levels of study.
Throughout this paper, we use the term induction to refer to the induction program and course to
refer to a university program of studies such as a BSc or MSc.

Induction is a key part of the student academic experience, so vital says Tinto (1993) that one of
the reasons for student withdrawal in the first six months of a university course is quite often re-
lated to the failure of a student to inte-
grate into their university — as well as
the student’s own prior experiences
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processes have a positive effect on retention and subsequent student experiences, it appears that
no study to date has provided empirical evidence to demonstrate this.

Cook (2006) contends that universities are excellent at preparing students for professional life,
but not as good at preparing them for academic life. Often the amount of information presented to
students during induction can be quite overwhelming (Cook, 2006), and the process has occa-
sionally been criticised for being confusing and ‘overly bureaucratic’ (Harvey & Drew, 2006;
Lewis, 1984). This is evidenced in the amount of information that students get during induction,
which is often supported with a range of hand-outs, such as contact lists, business cards, DVDs,
USB memory sticks, booklets and paper hand-outs.

Given the importance of managing the transition experience of a student, the process of induction
requires more consideration and research than has hitherto been given and academics must ex-
plore more enthusing and exciting methods to make induction more fun and in particular more
memorable for students.

There is already a range of literature which focuses on the induction experience as shown by Har-
vey and Drew (2006) but what seems apparent is that there is a dearth of literature focussing spe-
cifically on campus discovery. That is the focus of the present paper which explores the issue of
campus self-discovery and outlines a game played during the induction week at the University of
Warwick by students on the MSc Cyber Security and Management degree.

We believe that embodied and distinctive experiences are more conducive to student learning and
engagement with that learning; therefore, we aimed to make the experience of this game particu-
larly distinctive. The purpose of the game was to encourage the students to self-discover the cam-
pus in small groups, to do so in a fun way and to get to know some of their colleagues in the pro-
cess.

Induction

Induction is a key process which aids in managing two elements of the student transition into
higher education: separation from the student’s previous educational experience and environment,
and transition and incorporation/integration into the new environment (Tinto, 1987).

Induction typically fulfils four goals related to the integration/incorporation of students into the
university environment. Induction aims to: develop resource and support awareness; develop aca-
demic regulatory awareness; develop geographic campus awareness; and aid in achieving social
integration.

a. Resource and support awareness. This includes creating an awareness of the services of-
fered by library facilities, support services, resources, eateries, cafes, sports facilities and
the various student clubs and societies.

b. Academic regulatory awareness. This introduces students to the structure of the course, as-
sessment criteria, attendance requirements, health and safety regulations, academic rules
and in particular the regulatory framework that governs the progress of students on their
chosen program of studies. During this process, students register and enrol in their course.

c. Campus awareness. It is particularly important that students become familiar with the ge-
ography of the campus and, in particular, key locations, amenities and study spaces.

d. Social integration. Given the diverse student demography and ability range entering higher
education today, a higher number of students find it difficult to integrate - many of whom
begin to feel socially isolated (McLaughlin, Southall, & Rushton, 2006); this has been cit-
ed as an important factor contributing to the non-completion of studies (Yorke & Longden,
2008). A key aspect of induction therefore is to aid the social integration of students into
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the university, the chosen course and, importantly, the student cohort. This is usually
achieved through ‘ice breaker’ activities designed to allow students to become familiar
with their colleagues on the university course as well as beyond it across the university.

The structure of induction varies from course to course and can range from a one week intensive
program at the beginning of studies, to longitudinal programs involving on-going sessions and
activities that take place over the first few weeks and occasionally over the whole of the first year.

The induction program comprises a series of events and activities, some of which are offered as
pre-entry events before the majority of students arrive on campus. These events often comprise of
residential field trips, days out, ice-breaker sessions, campus tours and talks from course leaders,
departmental heads, heads of support services and student unions.

The program is occasionally tailored towards particular groups of students; for instance, universi-
ties are aware that international students often require specialist assistance to help them integrate
into both the country and the university. Similarly, students living in non-university accommoda-
tion, require specialist support. Students in this position find it more difficult to integrate well
with other students in the cohort or across the university, particularly as campus/university ac-
commodation based students tend to spend more time together studying as well as socialising
(Lowe & Cook, 2003). This is borne out in a study by Yorke and Longden (2008) who find that
students in such a position also cite financial problems, a lack of personal support from family,
the demands of employment, travel difficulties, the quality and suitability of the teaching, and the
amount of contact with academic staff, as contributory reasons for their non-completion.

Geospatial Crypto Reconnaissance

The University of Warwick occupies more than 720 acres of campus space on a single site. It of-
fers a campus experience to students wherein the teaching facilities, student accommodation, a
range of shops, restaurants, a cinema, theatre, music centre and sports facilities are all contained
within the campus. The campus is often referred to as the ‘bubble’ as students rarely need to leave
the campus.

As with many campuses, students feel quite overwhelmed when they arrive for the beginning of
their studies and occasionally undergo a culture shock, often because their prior study experience
is based around a much smaller campus where the resources/facilities are more closely located.

It is quite common for the student experience of lectures, tutorials and other academic engage-
ments at the University of Warwick, to spread across the length and breadth of the campus during
the time of their studies. Students often have to travel as much as twenty minutes between classes
and it is therefore doubly important that students become aware of the geography of the campus
quickly and at an early stage, as otherwise it can involve a series of late appearances to taught
sessions in the early part of their studies.

Whilst the game in this case study was played on a large campus, the game can be adapted for
smaller campuses as well as campuses spread across a city. The game play limits are that students
should be able to reach an adequate number of location points, as discussed later, so as to score
adequate points within the time constraints given in the task.

Traditional approaches to campus discovery typically involve guided tours led by academics or
student ambassadors/representatives. During the tour, key locations in the campus are introduced
in anticipation that students will remember the series of locations briefly highlighted during what
may be a very busy tour. The alternative to guided tours are self-discovery tours where students
are given a detailed itinerary which they must follow and complete on their own or as a group.
Occasionally, self-discovery tours are constructed as treasure trails (Queen's University Belfast,
2013; University of Bath, 2013), where students visit key parts of the campus collecting ‘arte-
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facts’ which evidence their attendance at those points. However, with most self-discovery events,
there is a risk that students may lack the motivation to undertake the tour and quite often such a
tour remains uncompleted.

For these reasons, the course leader of the MSc¢ Cyber Security and Management course was mo-
tivated to develop a self-discovery game which would enthuse and excite the students and, in par-
ticular, inspire them to complete the game and thereby discover important parts of the campus.
The feedback from students undergoing the tour was very positive and the game is presently be-
ing developed to suit the requirements of other courses/departments around the university.

It should be noted that the previous experience of campus discovery was deemed satisfactory by
the course team. The motivation behind the present case study was to enhance the campus dis-
covery experience. There is no control data with which the experiential feedback from this case
study can be compared.

Game Play, Construct and Ludology

Most good games are developed with a sound understanding of the game audience and their mo-
tivation levels. In the present example, the audience comprised of the full time student cohort on
the MSc Cyber Security and Management program at WMG (Warwick Manufacturing Group,
University of Warwick). This comprised of 28 MSc students from 14 countries. Four students
were UK nationals who had previously been through a bachelors program in the UK. Four stu-
dents came from the EU and the remaining 19 students came from outside the UK/EU. All stu-
dents enter the course with a strong computing background, generally having studied computer
science, information systems or (exceptionally) business information systems/business infor-
mation technology.

Six students had arrived on campus two weeks before the induction week and had participated in
an international orientation week which prepares them for university study. This is a service of-

fered in addition to the normal induction and is designed to help students adapt to UK study and

to understand UK culture.

Before proceeding to describe the game play, construct and ludology, it is worth spending a mo-
ment reflecting on game design theories. Gee (2005, p.23) defines a game as “a set of experiences
a player participates in from a particular perspective”. Prensky (2005) adds to this by defining
five levels of learning achieved in a good game as the how, what, why, where, and when/whether.
These are described more fully as:

® How — Players learn how to do things, particularly where real life situations are simulated
in the game.

® What - What are the constraints and limits in a real life scenario which the game is in-
tended to replicate?

* Why - Why does one take particular actions in a real life scenario and therefore how can
this be replicated in a game scenario?

® Where — This refers to the context of a game and as Prensky (2005, p.107) puts it, under-
standing “the world of the game and the values it represents”.

® When and whether — This refers to the process of contextualising decision making, the
consideration of possible decisions, and the determination of when to make a particular
decision.

Whilst Prensky’s ideas focus on digital game design, the theory applies equally to classroom
games. We add to some of this theory by positing that effective classroom games must comprise a
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number elements, two of which are that it should be challenging and must have a goal. The chal-
lenge in a game is often achieved by limiting the time available to complete the game, scoring
points, by competing against other game players, and/or by adding adequate complexity — which,
in the case of digital games, increases at each level of achievement.

The self-discovery game in the present discussion is a non-digital serious game that comprises of
three fundamental constructs (or content as Gee (2005) refers to it): location, message and arte-
fact:

i.  Location. This comprises of a set of locations that are considered im-
portant to the student’s experience at the campus.

ii.  Message. A message that imparts information, such as a description of the
location, the services available and other important information about the
location and possibly about other locations.

iii.  Artefact. This comprises of an item that the student must collect to prove
that he/she attended the location; in the present example, this is the pair of
GPS coordinates.

The game requires students to identify a series of photographs, to capture the GPS coordinates of
the location of the photographs (to prove student attendance at the location), decrypt an encrypted
message, and to return both the GPS coordinates and the deciphered messages to the course lead-
er.

The game was made more challenging and competitive by introducing location and message
points. Location points are awarded for each coordinate returned correctly to within 5 metres of
the photograph location. Location points range between 1 and 3 depending on the difficulty in
identifying the location. Message points are awarded for each correctly deciphered message.
Message points range between 1 and 5 where 5 points are awarded for messages that are more
difficult to decipher.

Students were required to work in groups of four. One team member must submit the artefacts for
the whole group, but all members of the group have to complete a survey providing feedback on
the game. Whilst we felt that the game play would be exciting enough to encourage student par-
ticipation, it was felt that students needed to be further incentivised to complete the game so three
further incentives were provided. On submission of the artefacts and the completion of the sur-
vey, all group members were given a one year full subscription to a popular anti-virus program,
added to the course Facebook page and given a case study necessary for the first module of study.

Location and Artefact

Eighty nine photographs were collected widely from around the campus from locations that the
course leader felt were important to the student experience. Examples of these included the stu-
dent union, the central administration department, cafes, halls of residences, restaurants, learning
centres and signposts to counselling services.

The photographs were collected on an iPhone 4S with the location services facility enabled so as
to automatically collect GPS coordinates. Whilst there are no costs associated with the develop-
ment of the game, there is an assumption that the user has a phone or camera which can take pho-
tos which capture GPS data.

For the game to work, the coordinates must be accurate - particularly as we need to compare stu-
dent submitted coordinates against the original coordinates. GPS receivers are prone to inaccura-
cy problems and this results occasionally in captured GPS coordinates being inaccurate (Strawn,
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2009). A number of solutions have been proposed to deal with this, one of which involves the use
of Wi-Fi technology to enable better accuracy and another involves the use of Assisted GPS
(AGPS) (Djuknic & Richton, 2001). However, we did not have any of these technologies availa-
ble because GPS data capture took place outside of any Wi-Fi range.

For these reasons, we needed to validate the accuracy of each captured set of GPS coordinates. To
do this, GPS coordinates were plotted using TagView Evigator (Evigator Digital Forensics,
2011), each coordinate was plotted and then zoomed in to see how close the plotted location was
to the original captured set of coordinates (Figure 1). Through this process we found that a num-
ber of the coordinates returned by the iPhone GPS system were inaccurate; in one case, by as
much as 7 meters. This was addressed by revisiting the location and taking a new set of coordi-
nates using a Samsung Galaxy phone. Through this process a set of accurate coordinates were
achieved.
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Figure 1: TagView Evigator (Evigator Digital Forensics, 2011)

The Message

Each photograph was paired with a message that typically describes the location. The message,
which we refer to as plain-text, was encrypted to produce a cipher-text and this cipher-text was
provided to students. A number of simple cipher systems were used to convert the plain-text to
cipher-text. One of the more simple systems is the ‘Caesar substitution cipher’ where each char-
acter in a message is substituted for another character. In other cases the method of encrypting the
plain text was somewhat more elaborate but easily solved nevertheless; for instance, the follow-
ing cipher:

KMHESU FG KWUSDH WWXXGU QFSE WZL XG WEFG VEMGJYCUST WZL
FA,WJSMIK KWUFWAUK DSAUGK WzZL QT WJMLHDMUK S

Corresponds to the following text:

A sculpture by the social sciences square, in the back-
ground one of the many coffee places on campus.



Lallie

In this example, the text has been reversed to produce the following:

supmac no secalp eeffoc ynam eht fo eno dnuorgkcab eht ni
,eraugs secneics laicos eht yb erutplucs A

and then Caesar Ciphered. To solve this the student would apply the Caesar cipher to the message
and then reverse the result.

Outcome and Student Strategy

Thirty five photographs were provided to students as printouts. The photographs were of loca-
tions reasonably spread across the campus (Figure 2). Students were given a day and a half to
complete the challenge. In future implementations, we may consider reducing this time to 2 or 3

hours so as to make the experience more challenging; nevertheless, a day and a half allowed stu-
dents to complete the challenge in a leisurely manner.
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Figure 2: The range of plotted photographs

Students were encouraged to use apps such as FreeGPS, which allows a user to capture the GPS
coordinates of the present position (CodeBurners, 2013). Furthermore, they were pointed to three
websites that could help in the game: Simon Singh’s Cryptography page, which helps in encrypt-
ing and decrypting text (Singh, 2014); Jeff Boulter’s GPS page, which aids in converting GPS

coordinates (Boulter, 2014); and TextMechanic.com, which aids in manipulating text and con-
verting text to various formats (TextMechanic, 2014).

Jeff Boulter’s page was important because there are at least four formats for the recording of GPS
data: Decimal Degrees; Degrees, Minutes and Seconds; GPS format; and UTM. Students were
required to return the coordinates using the DMS format. Jeff Boulter’s tool automates the con-

version process so, for instance, the Decimal Degrees coordinates 52.3821972222, 1.5555555556
can be converted into the DMS format, which becomes N52 22 55 W1 33 20.
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Students were asked to capture the coordinates of each photo and to decipher the accompanying
messages. The results from each group were uploaded to an online system which captured each
set of coordinates and also elicited feedback. The feedback was captured in a comments box al-
lowing students to provide open textual feedback regarding the experience. This allowed the
course leader to understand the strategy adopted by students to complete the challenge and also to
determine whether the students had achieved the objectives. Five of the students did not have ac-
cess to the online submission system and were encouraged instead to complete a paper-based
feedback form.

From the feedback, we learnt that groups adopted one or a combination of three strategies:

*  Random walking. Groups wandered almost aimlessly around campus to discover the loca-
tions.

e [Intelligence driven. Students who had been through international orientation were aware of
some of the locations; they were able to identify these relatively easily. The group there-
fore needed to focus their efforts on identifying the remaining locations.

e Skill coordination. One group allocated a member to decipher the codes whilst other mem-
bers of the same group identified the locations.

Analysis and Conclusions

The results from the game were very encouraging and suggest that we achieved our goal of taking
students through a self-discovery campus tour in a fun and enthusing way. All students completed
the game. Twenty-five of the 28 students either agreed or strongly agreed that the game was ‘ex-
citing and fun’, 26 agreed or strongly agreed that the game allowed the student to ‘learn about
important places on the campus in a fun way’. All 28 students agreed or strongly agreed that the
game allowed them to ‘make friends and get to know some of my colleagues in a fun/friendly
way’.

Twenty-two students agreed or strongly agreed that the game was ‘challenging but not overly
complicated’. The one area of the game that resulted in a wider-ranging response was the ques-
tion of whether the game ‘took the right amount of time to complete’. Here, 14 agreed or strongly
agreed whilst 12 disagreed or strongly disagreed (with two neutral responses). We did not ex-
plore this further but one reason for this may have been that by allowing the students to complete
the task over a day and a half, we may in fact have had an adverse effect wherein some students
felt the game actually took too long.

The open feedback from students was useful and provided useful ideas to improve the game.
Some suggested that ‘a clue near the real environment of the picture could be very helpful; for
example a sign or a quote near a statue’. One student suggested a form of ‘Reverse Geospatial
Crypto Reconnaissance’ wherein we provide the coordinates and a description of the location and
the students return a photo of members of the group at the location.

A common complaint was that the GPS application they used was prone to inaccuracies. This was
noticed when the coordinates were plotted onto a map and then compared with their physical lo-
cation. However, in our view, this was part of the challenge and experience and demonstrated to
students that they must not rely on a single source of data or information; furthermore, that any
tools they use may need to be validated. An alternative may be, as a student suggested, to increase
the distance ‘fo 10/15m instead of Sm as accuracy of GPS can be limited’. This would most prob-
ably compensate for the inaccuracies as none of the coordinates in our personal test was more
than 5 meters away from the target.
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This game in its present format is entirely suitable for students on technical degrees, less so for
students on humanities/arts related or other non-technical degree programs. In such a context,
students need more detailed guidance such as how to use a GPS app to capture GPS data and how
to convert formats (if that is important). The use of a ciphered message may be less suitable for
such student groups; instead, a ‘Reverse Geospatial Crypto Reconnaissance’ game may be more
appropriate.

Another area for future development is the development of a seamless application which manages
the upload of photographs, extraction of GPS coordinates and the auto-grading of submissions.
The package may also manage a leader board to provide a continual update of performance.
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Abstract

Digital solutions have substantially contributed to the growth and dissemination of education. The
distance education modality has been presented as an opportunity for worldwide students in many
types of courses. However, projects of digital educational platforms require different expertise
including knowledge areas such as pedagogy, psychology, computing, and digital technologies
associated with education that allow the correct development and application of these solutions.
To support the evolution of such solutions with satisfactory quality indicators, this research pre-
sents a model focused on quality of online educational solutions grounded in an approach aimed
to continuous process improvement. The model considers of three maturity levels and six com-
mon entities that address the specific practices for planning and developing digital educational
solutions, targeting quality standards that satisfy their users, such as students, teachers, tutors, and
other people involved in development and use of these kinds of educational solutions.

Keywords: Online Education, Digital Educational Solution, Educational Quality Models,
eQETIC Model.

Introduction

Digital technologies that drive social activities enable evolution in several areas, such as medi-
cine, entertainment, industrial automation, and education. Specifically for education, this digital
capability has enabled the availability of many products and services, i.e., digital solutions, in-
volving an agile growth of educational ability, especially when it comes to online education.

It is possible to verify an expansive development for online education that considers the availabil-
ity of automated instruction in courses offered in the distance modality and also according to the
diversity of learning objects, developed using Information and Communication Technologies
(ICT).

According to surveys planned in an info graphic about digital education presented by Knewton
(2012), 95% of teachers felt that the
engagement of students increased when
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eQETIC: A Maturity Model for Online Education

According to the Brazilian federal government reports presented by MEC/INEP (2009), a signifi-
cant increase has been observed in the registration of online courses in distance mode in Brazil.
The report shows that 107 courses in online mode were registered in 2004 and that the number of
registered courses jumped to 647 in 2008, which represents a high growth rate of courses for this
modality, 605% in five years.

This growth has required some mechanisms and criteria for evaluating educational products and
services based on digital technologies from control associations and from governments, specifi-
cally by departments concerned with educational control, at all levels and in all continents. These
evaluation mechanisms should meet the requirements of certification or accreditation for such
products; however, they should also seek to assess the quality of these products, which implies
careful studies to use a method to evaluate the quality of digital educational solutions.

For Rekkedal (2006), contemporary society requires better quality from the many products and
services offered, besides demanding this for online education, offered in its varied forms. To meet
this kind of demand in the educational sector, governments, associations, universities, research-
ers, and other related groups are increasingly engaged in formalizing mechanisms and criteria to
assess the quality of this kind of solutions as shown by some examples available in IHEP (2000),
ISO (2009), and MEC/SEED (2007) among others.

Thus, for technically observing the quality of such solutions, specific mechanisms should be con-
sidered to encourage their construction and subsequent measurement, generating objective results
that can be observed uniformly. For constructing and evaluating digital educational products,
some specific frameworks can be considered, such as models, standards, processes, and many
types of tools, as well as insightful measurement mechanisms to evaluate the products, specifical-
ly the entire digital solutions and their related development processes.

Therefore, this paper aims to present a quality model for digital educational solutions, called
eQETIC (Quality Model for Educational Products based on Information and Communication
Technology). The model considers an approach of continuous processes improvement and the
subsequent maturity for quality assurance. This approach seeks to favor the desired quality crite-
ria and the mechanisms for quality construction.

To meet such objectives, this article is organized as follows: section two presents a literature re-
view focused on digital educational solutions and specific concepts and frameworks for digital
education; section three considers works related to this research that also have models directed to
the quality of digital educational solutions; section four discusses the criteria used for defining the
eQETIC Model; section five analyzes the structural features of the model and its application;
lastly, section six presents the conclusion and proposals for further works.

Quality in Online Education

Online Educational Products

The digital technology capability has provided significant changes in many sectors of modern
society. In education, these changes specifically promote the wide dissemination of digital educa-
tional solutions that have different objectives and ways of implementation, for different devices
and different communication channels.

Various designations and terminology concerning these products are presented by Guri-Rosenblit
(2005), Piva Junior, Pupo, Gamez & Oliveira (2011), and Perkins (2008). According to Guri-
Rosenblit (2005), the following terminology is identified to refer to such products: ‘distributed
learning’, ‘online learning’, ‘web-based learning’, ‘virtual classrooms’, ‘online education’ and ‘I-
Campus’.
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Guri-Rosenblit (2005) highlights that two of the most widely used terms have conceptual differ-
ences, i.e., distance education and e-learning. Perkins (2008) confirms this difference, and many
other authors make this distinction. They consider that the terms distance education and e-
learning overlap each other in some cases, but do not have identical meanings. To Moore and
Kearsley (2011), distance education corresponds to the planned learning that normally occurs
away from the teaching place, requiring specific techniques for course creation through various
technologies and special organizational and administrative provisions. For Barker (2007), e-
learning represents an environment where learning occurs using both computers and the Internet.

Considered a recent phenomenon, e-learning is related to the use of electronic media for different
learning proposals that can happen in the classroom environment and even replace the face-to-
face virtual meetings, as mentioned by Guri-Rosenblit (2005). Perkins (2008) considers that e-
learning can be roughly understood as digital technologies able to reduce costs and to improve
learning.

Quality Concepts for Online Education

Quality takes different concepts that can be considered to be a subjective characteristic, inherent
to a product or service, but technically it should consider objective measures. Although a single,
comprehensive, definition for the term is not found, there is a common sense to many authors,
such as Crosby (1979) and Humphrey (1989), who consider quality as the compliance with the
requirements.

For constructing online educational products, quality should be observed from different perspec-
tives, considering criteria that address the psycho-pedagogical, social, technological issues, etc.

Garvin (1992) proposed what is called the four eras of quality, and these can be observed differ-
ently for each product category. The four quality eras correspond to inspection, quality control,
quality assurance, and strategy to quality. The author suggests that when a product category is in
the era of quality assurance, it means that the quality has to be built along the product develop-
ment according to its defined process.

For the software industry, the approaches of quality control and quality assurance are considered
and addressed by authors such as Pressman (2011) and Sommerville (2003). For software, God-
bole (2005) is emphatic in stating that quality control and quality assurance are complementary
approaches, yet quality assurance is a preventive approach, while quality control is a corrective
approach.

In the context of online education, Barker (2007) considers that aspects related to quality are rele-
vant for two reasons: first, because they are able to support buyers in their decisions to purchase
products; and second, because they favor those who develop and offer these kinds of products.

For Pawlowski (2007), quality is appropriately meeting the stakeholders’ goals and needs. In the
context of e-learning, quality is related to all processes, products, and services for learning that
are mediated by the use of information and communication technologies. This scenario can be
tracked by online education frameworks.

Specific Frameworks for Online Education

A diversity of frameworks has been proposed to manage the design, development, and mainte-
nance of online educational products, sometimes with objectives concerning the certification of
the products in a quality control approach.

Rekkedal (2006), Pawlowski (2007) and Shelton (2011) present a set of frameworks developed
by researchers, associations, and governments that discuss the quality of online educational prod-
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ucts. Some examples are highlighted below, including quality frameworks designed by govern-
ments and specific quality organizations:

e [HEP’s Quality on the line: Benchmarks for Success in Internet-Based Distance Educa-
tion;

e  QAA — Quality Assurance Agency for Higher Education: Guidelines on the Quality As-
surance of Distance Learning;

e Open eQuality Learning Standards;

¢ Sloan consortium’s five pillars of quality;

e ISO International Organization for Standardization — ISO/IEC 19796-1 Standard on
Quality for e-learning; and

e MEC/SEED Quality Benchmarks for Distance Education.

These examples refer to frameworks that have been defined with different objectives and methods
of use, which can be applied to various purposes.

However, it is also possible to verify a set of standards in MarylandOnline (2011) that can be
used to measure online educational products, called QMRubric. This framework considers eight
groups of standards that collaborate in the evaluation of online courses. This program was spon-
sored by a U.S. fund for developing a proposal to promote evaluation of online courses and quali-
ty control and to anticipate future issues of accreditation for online courses.

Related Works

The software industry has developed models that favor the quality of the software product
through continuous process improvement associated with its development. Maturity models, as
they are known, generally favor the planning, development, acquisition, and maintenance of the
software product and its components, thus being increasingly used by the industry in a larger
scale.

Chrissis, Konrad, and Shrum (2004) present CMMI (Capability Maturity Model Integration), an
example of a maturity model from the software industry. Nunes, Albernaz, and Nobre (2009)
suggest the process improvement approach used by the software industry could also be replicated
to define a process for digital educational solutions, such as distance education and e-learning,
stimulating the development and quality of these products.

It is possible to verify related works that discuss the models which favor the quality of digital
educational solutions focusing on a continuous process improvement approach, as can be seen in
the eQETIC Model, which is the subject of this article. As an example, Marshall and Mitchell
(2002) allow observing a proposed maturity model for e-learning called ‘e-Learning Maturity
Model’ that considers five maturity levels: 1) Initial; 2) Planned; 3) Defined; 4) Managed; and 5)
Optimization. The ‘e-learning maturity model’ proposed by the authors considers the same struc-
ture of maturity levels verified in the extinct model called SW-CMM (Software Capability Ma-
turity Model).

Another model proposed by Khan (2004), called ‘e-Learning P3 Model’, considers people, pro-
cess, and product, defining the following stages in its structure: 1) Planning, 2) Designing, 3)
Production, 4) Assessment, 5) Delivery and Maintenance, 6) Instruction, and 7) Marketing.

Marshall and Mitchell (2002) also present a study aimed to apply the principles defined by the
SPICE (Software Process Improvement and Capability dEtermination) project to develop e-
learning processes, and in this study, the authors consider specific criteria for the following pro-
cesses, 1) Learning, 2) Development, 3) Coordination and Support, 4) Evaluation, and 5) Organi-
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zation, which are measured according to the following parameters, ‘not adequate, ‘partially ade-
quate’, ‘largely adequate’ and ‘totally adequate’.

The EduQNet was presented by Rapchan, Cury, Menezes, and Falbo (2002) to meet the require-
ments of quality for distance learning courses mediated by Internet. The authors considered the
application of standard ISO / IEC 12.207 (Information Technology - Software Life Cycle Pro-
cess) applied to digital educational solutions. The model is organized into fourteen main activi-
ties, and each of these indicates a set of sub-activities.

These works show that the continuous process improvement approaches are being applied to the
construction of models for digital educational solutions. Considering the proposals presented by
Marshall and Mitchell (2002) and Khan (2004), they are verified to be restricted to the e-learning
product and the proposal identified in Rapchan et al. (2002) is restricted to distance educational
courses mediated by the Internet.

Similarly to these works, the continuous process improvement approach was applied to the design
and structure of the eQETIC Model, as evidenced in more detail in the following sections.

Fundamentals of the eQETIC Model

Practices regarding development and construction of digital educational solutions are varied, as
are the models and standards that support this activity. This highlights the need of structured
mechanisms able to hold actions in a local, regional, or even in a global view.

The influences exerted on these solutions in their planning, development, and maintenance phase
are diverse and, according to Hadjerrouit (2007), the construction of an e-learning product should
include educational, organizational, pedagogical, and technological dimensions. This diversity of
dimensions must be properly integrated in order to generate the best results.

Relevant characteristics of planning and development of courses in the distance education mo-
dality should consider the practices defined by instructional design theories. Tools and techniques
associated with these theories assist the construction of such digital educational solutions giving a
sense of pedagogical engineering.

The issues concerning the learning process are supported by the precepts of pedagogical engi-
neering, but, besides these, there is an equally significant precept to be considered: the cognitive
process. It must be effectively considered in the learning process in any of the learning modali-
ties, including the modalities based on digital technologies (Gagné, Briggs, & Wager, 1992;
West, Farmer, & Wolff, 1991).

Thus, the exploratory research used to develop the eQETIC Model (Quality Model for Education-
al Products Based on Information and Communication Technology) considers these influences,
i.e., the pedagogical engineering through which the practices of instructional design and cognitive
processes directed to learning can be verified.

Studies and researches have also resorted to review and detailed analysis of frameworks that ex-
ploit the quality, certification, accreditation, and development of general digital educational solu-
tions.

Associated with these studies, the maturity model approach derived from Software Engineering
contributed to the proposed model, as verified in the eQETIC Model structure, in which the prin-
ciples of continuous process improvement and quality were used considering the integration of
different dimensions related to digital educational solutions as in Rossi and Mustaro (2012).

These studies have provided critical insight and generated knowledge and ability that allowed
defining the conceptual eQETIC model. Its structure was defined as well as its mode of applica-
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tion, guided by research into the models that consider the principles of continuous process im-
provement as presented in Rossi (2013).

Another key factor in the design of the model was the definition of which digital learning prod-
ucts could be considered by the model. In this sense, the model considers the courses offered in
the distance education modality as one of the products: e-learning as another product, and learn-
ing objects as another kind of digital product. In this sense, some rules were created to be applied
specifically to one product, but they can also be applied to the other products.

Considering the principles of continuous process improvement, three improvement levels were
defined for the model, which are able to determine its degree of adherence and the degree to
which an organization complies with the implementation rules defined by the model. The three
improvement levels considered by the eQETIC Model are 1) Sufficient, 2) Intermediate, and 3)
Global.

The improvement levels represent the view of continuous process improvement as they establish
that institutional processes should be implemented and periodically improved to achieve the de-
sired results. The three levels defined by the eQETIC Model consider the six common entities
designated for the model that are repeated at each level and which have special rules for each of
them. Each common entity comprises several implementation rules, unique to each level, and
which favor the achievement of each level.

The common entities were based on studies and investigations that comprised the theoretical
structure of this study, using book chapters, theses, scientific articles, and several frameworks
issued by associations, governments, and researchers, from which are highlighted the following:
1) Khan’s eight dimensions of e-learning framework; 2) IHEP’s Quality on the line; 3) ISO/IEC
19.796-1 Standard of Quality for e-learning; 4) SLOAN Consortium five pillars of quality; and 5)
NADE - Norwegian Association for Distance Education. Thus, each of the common entities con-
sidered by the model were defined with their respective function, with its set of rules and sup-
ported by specific references, as shown below:

Didactic-Pedagogical Common Entity (DPCE) - although the didactic and pedagogical issues
are complex, they are not treated in depth by the model. Considering the context of this common
entity related to applying modeling and construction of online courses, the theories of instruction-
al design were considered, as well as the implications of cognitive processes in learning. To de-
fine this common entity, four of the main theoretical references were considered: West et al.
(1991), Gagné et al. (1992), Dick, Carey, and Carey (2005), and Briggs (1977).

Technology Common Entity (TECE) - aims to define practices regarding the technological
capacity of educational products. From the technology plan, the organization should possess
software, security items, data storage, media, as well as the hardware infrastructure and telecom-
munication. The rules of this common entity were based on references such as Barker (2002),
THEP (2000), ENQA (2005), and MEC/SEED (2007).

Management Common Entity (MACE) - determines the management and operation ability to
develop and to maintain digital educational solutions. Addresses strategic capability, project
management and considers the implementation of quality system indicators to provide means to
measure quality results, being supported by Martinez et al. (2011), Moore & Kearsley (2011), and
PMI (2008).

Support Common Entity (SUCE) - considers the rules that determine the support mechanisms
for learners involving all types of infrastructure, be it over the telephone, online, or in person. It
also considers rules that provide support to tutors who may require detailed information to submit
content-best results, and are considered in references such as IHEP (2000) and Colomina,
Rochera, and Naranjo (2011).
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Tutorial Common Entity (TUCE) - addresses the practical issues regarding the actions of men-
toring in distance mode courses. Considers rules that address formal training, either regarding
content or technological aspects that provide better performance to tutors. The practices were
based on Elissavet and Economides (2003), Litto and Formiga (2009), and Pera, Cervera, and
Barado (2007).

Evaluation Common Entity (EVCE) - includes considerations on the diagnostic, summative
and formative assessment, and self-evaluation of the learning process. The rules of this entity
consider ways of storing and disseminating evaluation and feedback controls that should be asso-
ciated with the learning process. Online assessment tools are also considered in this entity, con-
structed based on West et al. (1991), Gagné et al. (1992), Dick et al. (2005), and Coll and Engel,
(2011).

The Implementation Rules that belong to each of the common entities were also defined from
these investigations that meet the needs for each of the observed improvement levels. The rules
and other components that make up the structure of the model will be presented in detail in the
next section.

Structure and Application of the eQETIC Model

The structure overview of the eQETIC (Quality Model for Educational Products Based on Infor-
mation and Communication Technology) can be seen in Figure 1. This structure is based on a
continuous process improvement approach and considers three improvement levels, each of one
including the six common entities (CE) defined for the model. Each of the CE considers a set of
implementation rules (IR) that are grouped according to the groups of implementation rules
(GIR). The GIR and IR defined are unique and not repeated over the model implying that a given
IR defined for a specific CE is unique and exclusive to this entity at this level.

Global
Level
IR1
IR2
_ .| Intermediate Level GR1 .___ R3
GIR 2 IR 4
/
DPCE ----< GIR3 Rn
MACE
: TECE GIR 4
Sufficient < TucE GIR n
Level  j----------- SUCE
EVCE
~

Figure 1: eQETIC Model Structure (Rossi & Mustaro, 2012)

The goal of each improvement level is highlighted below. It should be noted, however, that an
organization that seeks to implement the eQETIC Model should follow the rules defined at each
improvement level, implementing or adjusting their processes according to the IR of that level.
Hence, after observing the rules of a given level, the subsequent levels should be met. The im-
provement levels considered by the model are:
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e Sufficient level - allows sufficient functional condition and considers basic and funda-
mental implementation rules;

e Intermediate Level - allows improvement in processes according to the rules at this level,
generating continuous product improvement in order to improve quality through process
changes and adjustments;

e Global level - considers all the rules of the previous levels, as well as of this level, allow-
ing global and full use of the model where the organization is considered to comply with
the rules laid down therein.

The Common Entities (CE) aim to group the implementation rules that must be followed by the
organization using the model. Six common entities are considered, as previously mentioned, that
include rules capable of supporting the institutionalization of processes favoring the planning,
development, and maintenance of digital educational solutions, as follows: Didactic-Pedagogical
Common Entity (DPCE); Technology Common Entity (TECE); Management Common Entity
(MACE); Support Common Entity (SUCE); Tutorial Common Entity (TUCE); Evaluation Com-
mon Entity (EVCE).

For managing its processes as prescribed by the eQETIC Model an organization must observe
another element of the model that is not presented in Figure 1 and is totally relevant to the cus-
tomization of eQETIC rules: the EPI (Educational Product Indicator).

Since the eQETIC Model provides rules for different ICT-based educational products, such as
distance education, e-learning, and learning objects, the organization should consider a customi-
zation step of the model using the EPI. Each Implementation Rule has an associated EPI. The
organization that aims to abide by the rules of the model must check which rules are relevant in
accordance with the educational product. The EPI considers the following values: ‘DE’ for ‘Dis-
tance Education’ (emphasizing that, in this case, the model is suitable to the development and
maintenance of courses); ‘EL’ which refers to ‘e-learning ‘, and ‘LO’ that concerns Learning
Objects.

Table 1 shows examples of Implementation Rules defined by the eQETIC Model, not restricted to
a specific Improvement Level or Common Entity, just for presenting the rules as they are defined,
grouped into their respective group, showing the associated EPL

Table 1: eQETIC Model — Examples of Implementation Rules (Rossi, 2013)

Improvement Common Entity EPI Group of Im- Code/Description of Implementa-
Level (€)] 2) plementation tion Rules (IR)
Rules (GIR)

1 DPCE DE; EL DPGIR 101 DPIR 101.1 - Topics should be
defined and documented

1 TECE DE, EL TEGIR 100 TEIR 100.1 — A Technology Plan
must be established and maintained.

1 MACE DE MAGIR 102 MAIR 102.4 — A team of teachers
and tutors should be defined.

1 EVCE DE, EL EVGIR 101 EVIR 101.1 — The types of evalua-

tion to be applied to the learner
should be relevant to the nature of
the content presented.

2 EVCE ED, EL, LO EVGIR 201 EVIR 201.1 — Online mechanisms
of learner self-assessment must be
defined and implemented.

3 EVCE DE, EL EVGIR 301 EVIR 301.1 — General evaluation
mechanisms of online learning
environment supported by Central
Technological Systems must be
established and maintained.
Legend (1): ‘DPCE — Didactic-Pedagogical Common Entity’; ‘TECE — Technology Common Entity’; ‘MACE — Management Common
Entity’; ‘EVCE — Evaluation Common Entity *.

Legend (2): ‘DE — Distance Education’; ‘EL — e-Learning’; ‘LO — Learning Objects’.
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As an example to illustrate the application of EPI, rule DPIR 101.1 (first line of Table 1) concerns
only ‘Distance Education’ and ‘e-learning’ products; this rule is hence not considered for the
‘Learning Object’ product. The model presents rules that can sometimes be relevant to a unique
product, as rule MAIR 102.4; and sometimes other rules pertain to the three products, such as rule
EVIR 201.1 (fifth line of Table 1).

The Group of Implementation Rules (GIR) is another model component, as shown in Figure 1.
The GIR aims to group a set of implementation rules that are totally related, allowing better un-
derstanding of the purpose of a particular group. Considering as an example rule TEIR 100.1
shown in Table 1, this rule belongs to the group TEGIR 100, which, according to eQETIC Model,
refers to the process that determines that a Technology Plan should be defined by the organiza-
tion. Group TEGIR 100, for example, considers two implementation rules in its totality.

Table 1 allows observing some examples of Implementation Rules (IR) defined by the model that
define which should be implemented, i.e., what the institutionalized process should consider to be
adherent to the eQETIC Model. As mentioned, all the Implementation Rules are unique and are
associated with a Group of Implementation Rules (GIR), a Common Entity at a given Improve-
ment Level of the eQETIC Model. According to Rossi (2013), the implementation rules represent
the essence of the model being able to declare what the organization should consider for its insti-
tutional processes. Although only some Implementation Rules are highlighted in Table 1, the
model has a total of 89 IR distributed among three improvement levels, as detailed in Table 2.

Table 2: eQETIC Model — Quantity of Implementation Rules

Improvement Level Common Entity # GIR #IR
DPCE 9 13
TECE 5 9
MACE 6 17
Sufficient Level (1)
SUCE 3 6
TUCE 4 7
EVCE 3 5
DPCE 3 4
TECE 1 1
MACE 2 7
Intermediate Level (2)
SUCE 1 1
TUCE 1 1
EVCE 3 4
DPCE 2 2
TECE 1 2
MACE 2 4
Global Level (3)
SUCE 1 1
TUCE 1 1
EVCE 2 4

With the structural view of the model, it is possible to emphasize that it is able to outline the pro-
cess implementation in an organization that uses one of the online educational products consid-
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ered by the model. However, the organization should consider the rules that are established by the
model in their processes, favoring their continuous improvement in order to build and to improve
the quality of products and services.

The organization should pay particular attention to the measurement processes creating appropri-
ate indicators to assess their results. This is relevant to a quality system and is also provided by
eQETIC Model through one of the implementation rules of the Management Common Entity,
which defines that the organization should establish a measurement process. With this process,
the organization should provide the results measured, comparing them and presenting them for
disseminating the actions related to quality.

Conclusion and Further Works

The goal of developing a model capable of supporting steps that guide the planning, development,
and maintenance of digital educational solutions was achieved by presenting the structure of
¢QETIC model. This model follows a continuous process improvement approach, whereas the
implementation of processes in a developer organization of these types of solutions favors the
development lifecycle and the quality of these solutions.

Presenting three improvement levels as maturity levels, the model allows the organization to im-
plement the processes belonging to each level at a given time, and these levels and processes are
organized in six common entities.

The model was built upon fundamental concepts of digital technologies related to education. It
presents relevant principles regarding planning and development of digital educational solutions,
as well as practices to operationalize organizations that seek to develop these types of solutions
with better quality.

Further works associated with this may contribute to defining a model to assess and to certify the
institutions using eQETIC Model. The proposal is implementing organizational processes for
developing and maintaining digital educational solutions. It is feasible to define a specific frame-
work to establish evaluation mechanisms considering activities involved in the certification pro-
cess as rules and instruments to be used in the evaluation of organizations that use and apply the
eQETIC Model.
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Abstract

This paper reports on a case study of a group of six non-native English speaking migrant wom-
en’s experiences learning English vocabulary in a mobile assisted language learning (MALL)
environment at a small community centre in Western Australia. A sociocultural approach to
learning vocabulary was adopted in designing the MALL lessons that the women undertook. The
women provided demographic information, responded to questions in a pre-MALL semi-
structured interview, attended the MALL lessons, and completed a post-MALL semi-structured
interview. This study explores the sociocultural factors that affect migrant women’s language
learning in general, and vocabulary in particular. The women’s responses to MALL lessons and
using the tablet reveal a positive effect in their vocabulary learning.

Keywords: MALL, sociocultural approach, migrant women, vocabulary

Introduction

A large volume of research has been published in the Mobile Assisted Language Learning
(MALL) field over the past twenty years following the rapid development and advancement in
mobile technologies (Burston, 2014; Stockwell & Hubbard, 2013; Viberg & Gronlund, 2012). As
part of computer-assisted language learning (CALL), MALL utilises mobile devices such as
smartphones, tablets, and iPods to support language learning (Chuang, 2009; Ozdogan, Basoglu,
& Ercetin, 2012; Stockwell & Hubbard, 2013; Tai, 2012). Research has demonstrated the feasi-
bility of MALL for language learning; however, the majority of MALL learning takes place with-
in academic contexts, such as schools
and universities where participants are
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are struggling with English. In Australia, proficiency of the English language is essential for gen-
eral social interaction, furthering education and employment (ASIB, 2012; Bimrose & McNair,
2011; Colic-Peisker & Tilbury, 2007; Fozdar & Hartley, 2012; Smolicz & Secombe, 2003).

This study focuses on the sociocultural factors that affect migrant women’s language learning in
general and vocabulary acquisition in particular. This study specifically addresses vocabulary ac-
quisition as it is a branch of language that is important for second language oral proficiency (J.
Ahmad, 2011; Choo, Lin, & Pandian, 2012; Coady & Huckin, 1997). Vocabulary acquisition,
centering on the speaking and listening branch of language development, is seen as useful and
beneficial for migrant women to develop general English proficiency (K. S. Ahmad, Armarego,
& Sudweeks, 2013). The approach to learning vocabulary adopted in this study is supported by
Halliday’s (2004) and Vygotsky (1978)’s sociocultural theory.

Background

For this study, the term ‘migrant women’ refers to women who enter Australia under the family
reunion program or for humanitarian reasons. Typically, the purpose of migration is to build a
new and better life for families; however, the causes of migration can be “personal and voluntary”
or “forced” due to political turmoil, threats to their lives, violence, famine, or war (Kunz, 1973;
UN, 2013; UNHCR, 2011; Ward, Bochner, & Furnham, 2001). Settlement into a new life in-
cludes having to learn and adapt to a new culture, dealing with emotional and psychological is-
sues, dealing with sociocultural and socioeconomic challenges, and learning English as a new
language (OMI, 2012). The lack of English language proficiency is one of the common barriers
for migrants’ settlement in Australia (Coates & Carr, 2005; Colic-Peisker & Tilbury, 2007;
Fozdar & Hartley, 2012; Migliorino, 2011). For women, this barrier cannot be overcome as quick-
ly as for men. To some extent, pressures of family duties, staying at home and engaging in full-
time care of families, leads to isolation from the broader community for several years. As a con-
sequence, finding employment can be a challenging and overwhelming experience. Personal and
sociocultural factors are the important influences in the lives of these women (AMES, 2011;
ECCV, 2009; McMichael & Manderson, 2004). It has been observed (K. S. Ahmad et al., 2013;
RCOA, 2010) that, in terms of these women learning English, the programs offered by local and
non-profit community-based centres are the best alternative to the formal government-funded
programs. Even though the former is non-accredited and short term, it is the kind of learning op-
portunity and space that suits their needs for a friendly and non-rigid learning environment that
allows them to learn and practise basic speaking and conversational skills.

The case study for this research is a community centre in Western Australia, which is a non-profit
organization providing community access to both formal and informal learning opportunities as
well as community services and referrals to other agencies. The first author of this paper is a facil-
itator of an English program for adult migrants at the centre. The objective of the English program
is to provide a learning space for people to meet and socialise with others who also want to prac-
tise spoken English. Their main motivation for attending the program is to learn, practise, and
improve their basic conversational and other language skills. The program is open to both men
and women; however, the majority of participants are women.

Integrating MALL into this particular community English program includes using a mobile de-
vice, that is, a tablet as a learning tool. This inclusion of a mobile device enriches the learning
experience because the features of these devices can enhance the delivery of learning materials. As
suggested by Klopfer, Squire, and Jenkins (2002), these features include connectivity, context
sensitivity, individuality, portability, and social interactivity. Regardless of the learners’ location,
they can access learning materials and activities spontaneously. The learner and the mobile devic-
es are both portable as the learner can access and be connected online. The learner has a choice
whether to use the mobile device individually and personalize his/her learning to or learn collabo-

26



Ahmad, Sudweeks, & Armarego

ratively with other learners (Cavus & Ibrahim, 2009). MALL can also be used in a blended set-
ting where in-classroom instruction is combined with out-of-class instruction, thus maximising
the benefits of in-class, face-to-face, and online learning (Tai, 2012). In the context of this case
study, the integration of MALL also helps develop digital literacy skills among these women.
This is because, by learning how to use a mobile device, the women can use it for other learning
such as other life skills. Familiarity with the mobile devices facilitates access to useful websites
and networks (social, government, or career), thus reducing isolation in their lives. Being profi-
cient in English and being digitally proficient also increases the chances of being included
(Migliorino, 2011) into the highly digital literate Australian culture and society (Thomson & De
Bortoli, 2012).

Learning English and MALL through the Lens of Sociocultural
Theory

The approach to learning vocabulary adopted in this study is supported by the sociocultural theo-
ry of Halliday (2004) and Vygotsky (1978). Both theorists emphasise that language learning is
primarily a social activity and the learners should be involved in negotiating and make meaning
in authentic social and cultural activities. Following Grabinger, Aplin, and Ponnappa-Brenner’s
(2007) idea of social cultural learning environment, learners should become familiar with the
social norms and discourse of the target language. Learners should also be given the opportunity
to apply them in an authentic way. Vocabulary learning is not only about acquiring the meaning
and knowledge of the words or phrases but also being able to use them for meaningful communi-
cation.

According to O’Neill and Gish (2008), in learning a second language, successful cross-cultural
understanding and intercultural literacy for both learners and their teacher/facilitator is required
where learning experiences should take place in a variety of sociocultural settings. This can be
achieved through a process of continual “constructing, interpreting, and modifying their represen-
tations of reality based upon experience and negotiation of meaning with others” (Grabinger et
al., 2007, p. 2). According to Burgoyne and Hull (2007), this continual process allows individuals
to become members of the group in which they play a part by assuming the emerging identity that
is associated with the language that they are learning. In addition, the principle of participation
fortifies the viewing of learning as a collaborative process and as a way of transforming
knowledge making. This allows participants to shape the process and products of knowledge
(O’Byrne, 2003). Through interactions, individuals engage with each other and they construct
knowledge through their social and cultural practices. Martin and Rose (2005) emphasise that co-
construction of knowledge makes new learning possible within the continuing practice and social
environment. Billet (1998) posits that, without continual participation in social practice,
knowledge will not be accessible, thus learning outcomes are likely to be inhibited. Therefore,
successful communication in English requires participation in a social practice and involves all
traits of an individual’s sense of social identity and social resources. On this basis, a sociocultural
approach is adopted in this case study in designing the MALL integrated vocabulary lessons for
the participants.

In designing vocabulary lessons incorporating MALL concepts for adult learners, consideration
should be given to principles of andragogy (Knowles, 1984) that are widely used for developing
adult learning curricula. These principles are based on five crucial suppositions about adult learn-
ers’ characteristics that differ from children’s pedagogy: self-directed; equipped with experience;
ready to learn; oriented toward being problem-centred rather than subject-centred; and motivated
(Smith, 2002). For adult learners, learning English as a second language in general, and English
vocabulary specifically, is influenced by factors such as level of education in native language
(L1), culture, past experiences, age, and opportunities to speak English (Allender, 1998;
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Hewagodage & O'Neill, 2010). There is also the need to consider previous psychological and
emotional concerns, such as trauma, settlement, and family priorities or confidence and motiva-
tional issues (Fozdar & Hartley, 2012). There may also be different understandings among cul-
tures about teaching methodology, teacher-learner rapport, and modern pedagogical practices. In
addition, the idea of self-assessment, critical discussion, and the physical climate of the learner-
centred learning environment may be alienating for some. Thus, the pedagogical approach adopt-
ed for adult migrants’ English language learning in general is crucial for language learning suc-
cess.

Among studies that show the feasibility of MALL in language acquisition within formal educa-
tion settings are those by Alemi, Sarab, and Lari (2012), Cavus and Ibrahim (2009), Chuang
(2009), Gu, Gu, and Laffey (2011), and Thornton and Houser (2005). Some of the factors central
to the MALL environment are the characteristics of the mobile devices used. For example, allow-
ing learners to access learning materials without time and space constraints is effective for deliv-
ering language learning materials to learners (Thornton & Houser, 2005). In addition, mobile de-
vices are more cost efficient compared to desktop or laptop machines, thus they are more afforda-
ble to language learners (Wu et al., 2012). A review of the literature by K. S. Ahmad et al. (2013)
suggests that these factors of MALL are potentially beneficial to English learners such as migrant
women. Further, the suitable area of English language that these learners should focus on is vo-
cabulary. According to J. Ahmad (2011), vocabulary learning is a crucial process for language
learners to acquire proficiency and competence in a language. Qian (1999) states that vocabulary
knowledge refers to the size as well as the depth of vocabulary, which includes knowledge about
the contexts in which the word is used, the frequency with which it is used, its morphology, its
syntax, whether it has multiple meanings, pronunciations and spellings, and how the word com-
bines with other words. A wealth of words or a word bank facilitates fluent and effective speak-
ing and writing, whilst other skills (listening, reading, speaking, and writing) are enriched and
integrated as well. The greater the number of words in a learner’s word bank, the more instru-
ments they have with which to put a point on their own ideas, and dissect and examine those of
others (J. Ahmad, 2011; Elgort, 2011). As such, knowledge of vocabulary is valuable and useful
for a language learner.

Krashen and Terrell (2000) claim that comprehension is not possible without vocabulary. The
more vocabulary is mastered, the better one’s comprehension and thus more acquisition of lan-
guage occurs. Kenny (2011) also suggests that, in order for humans to acquire other words and
syntax, they will have to initially acquire vocabulary. It is beneficial for language learners to have
vocabulary knowledge and be able to use this knowledge in their day-to-day lives. Having a range
of vocabulary and feeling confident in using it leads to the ability to be clear when sharing ideas
and thoughts, or simply when making conversation (J. Ahmad, 2011; Elgort, 2011; Nation &
Newton, 2009). This increases the likelihood that other people will understand what is expressed.
A diverse vocabulary allows learners to connect with a broader variety of people (Lightbown &
Spada, 1993; Mishra, 2010). For example, knowing some business terms assists in not being tak-
en advantage of. Also, vocabulary is essential for comprehending reading materials (Krashen &
Terrell, 2000; Lightbown & Spada, 1993). Comprehension of what is being read is hindered due
to unfamiliar words that tend to become little holes in the text. Vocabulary also assists learners in
becoming more informed and involved. For example, learners will have a better understanding of
news and currents events if they understand politics and geography. Learners will also be able to
grasp ideas and think more rationally and incisively.

Case Study

The case study is a small community centre that is a non-profit organization in a suburb in West-
ern Australia. The centre provides community services and learning programs to the surrounding
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community members. One of its programs is learning conversational English, which was started
in 2001. The first author of this paper has been the coordinator and facilitator of this program for
the past two years. The main objective of this program is to provide a non-formal learning space
for people who want to practise basic conversational and survival English, whilst meeting and
socializing. The program is free of charge, offers a learning atmosphere that is relaxed, support-
ive, non-threatening and provides a somewhat level playing field for learning. A creche facility is
also provided for mothers with small children. This program is open once a week, for two hours,
during public school terms.

Attendance in the program is not compulsory. As such, attendance is irregular, contingent upon
participants’ availability and convenience. About 40 participants enroll in the program each term
with an average attendance of 12 to 15 per session. Some participants have been regulars for many
years, though they do not come to every session. The program receives new participants almost
every term, but it is never known whether they will return in successive sessions. Although the
program is open to both men and women, it has been observed that women attend this program as
a way to be able to get out of their house. Thus, in addition to learning English, the program reduc-
es their isolation and allows them to interact, engage, and socialise with other women.

The sessions are meant to be non-formal and non-academic, as opposed to formal and structured
English classes. The physical layout of a session includes two large tables where 12 participants
can sit around each table. Upon agreement with the centre’s management, the facilitator plans top-
ics to be included for the 10-session term. Activities may include the following: introducing vo-
cabularies and phrases using pictures and realia, followed by making sentences using learnt vo-
cabularies; eliciting discussions based on topics; role playing and listening to a CD (where partici-
pants listen to short dialogues by native English speakers, followed by a discussion); and any cur-
rent issues or topics that participants want to share with their peers. The whiteboard is used to
write words, phrases, or draw pictures for illustration. Participants who can read and write in the
Roman alphabet are able to copy the words on the board fairly quickly. Participants who are able
to read and write in their native language usually copy the words from the board and write notes in
their language. Other participants who struggle or are unable to read and write use their visual and
listening ability and their memory.

The sessions are not fast paced, as sometimes more time is needed to describe or explain words
and concepts, and sometimes participants help and translate for each other. Some repetition drills
are used to help participants become familiar with new vocabularies and phrases. It is observed
that new participants who speak very little English usually only speak when spoken to during their
first session. In subsequent sessions, they seem more comfortable and more proactive in the con-
versations. The author observes that both new and regular participants face the same challenges
when they engage in conversations; mainly, they feel unsure and have limited vocabulary which
impedes fluency. For example, when sharing their stories about what they did during the weekend,
their facial expression and their bodily gestures show that is takes effort to form the sentences in
their minds and courage to utter and speak up in front of other people. In addition to this, there are
unintentional errors and/or prompts that the participants usually make, such as missing or incorrect
uses of words in sentences, incorrect pronunciation, interweaving of L1 words, and pausing mid-
conversation to think of the word to use or asking/confirming with a friend or the author that they
are saying things correctly. Nonetheless, they are receptive when their mistakes or errors are being
corrected. These issues do not hinder them from engaging in conversations, and they understand
that the purpose of the program is for them to practice conversing in English.

Methodology

This study explores the experiences of a group of six non-native English speaking migrant wom-
en in learning English vocabulary in a MALL environment through the perspective of sociocul-
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tural theory. As such, they attend a non-formal English program at their local community centre.
The program involves two-hour non-formal conversational sessions each week for non-English
speakers. On average, fifteen people attend the program; however, only six women were selected
for this study as they were regulars and attended a majority of the MALL-integrated vocabulary
lessons (from this point onwards to be known as MALL lessons) that was conducted. Ten tablets
were supplied by the community centre for the study. The tablet was introduced into the program
in a gradual manner, so as to avoid feelings of intrusiveness and intimidation among the at-
tendees. An important criterion for the introduction of the tablets was to maintain the naturalistic
and non-formal feel to the program as much as possible. The investigation was conducted using
the community centre as a case study (Creswell, 2012; Leedy & Ormrod, 2005; Yin, 2011). The
six women provided demographic information and responded to questions in a pre-MALL semi-
structured interview, attended MALL lessons, and completed a post-MALL semi-structured in-
terview. Informed by the literature review, the research questions are as follows:

RQ1: What sociocultural factors affect migrant women’s vocabulary acquisition?
RQ2: What MALL factors affect migrant women’s vocabulary acquisition?

Pre-MALL and Post-MALL Interviews

Semi-structured interviews were conducted before participants attended the MALL lessons (pre-
MALL) and after they attended the MALL lessons (post-MALL). The pre-MALL interview col-
lected data on demographics about participants’ migration histories, country of origin, the main
language and other languages they speak, level of education, and familiarity with computer and
mobile devices. These were followed by questions regarding their perceptions of their own Eng-
lish ability and their view of the importance of English. The purpose of the post-MALL inter-
views was to learn of participants’ experience learning English vocabulary in a MALL environ-
ment and of using the tablet.

Data was collected using semi-structured interviews, as informed by the work of Creswell (2012)
and Yin (2011). Semi-structured interviews have an overall structured framework but they allow
for greater flexibility. The interviewer remains in control of the direction of the interview, though
with some leeway. For example, for this study, the order of questions was changed and some
questions were probed further for more extensive follow-up of responses. This created richer in-
teractions and more personalised responses (McDonough & McDonough, 1997). In addition, the
established rapport between the interviewer and the participants encouraged them to speak freely
(Miralles-Lombardo, Miralles, & Golding, 2008). In some of the interviews, the interviewer had
interpreter help from other participants, thus allowing participants to express their views more
deeply and freely in their native language. These factors elicited more valid responses from par-
ticipants (Burns, 1994; McDonough & McDonough, 1997). The interviews were audio-recorded
then transcribed for analysis.

MALL Lessons

In designing the MALL lessons, the author had to consider the timeframe allowable for her to
have access to the participants who were also part of the larger group who attended the English
program. The author was permitted by the community centre to conduct research at their premises
and use the same two-hour time block that is used for the regular conversational English program.
The author also had to retain the similar non-formal setup of the regular English program while
conducting the MALL lessons.

The tablets were introduced gradually to maintain the naturalistic and non-formal feel to the pro-
gram while avoiding feelings of intrusiveness, intimidation and fear among the attendees. The
majority of the program attendees are of low level English literacy; some struggle to read the
words or texts on the tablet, while some were unable to read at all, let alone use the tablet and
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navigate the apps on the tablet. The groupings of attendees were then arranged in such a way that
a higher literate person was partnered with a lower literate person. This allowed attendees to so-
cially interact, engage, and work together in co-constructing meaning and knowledge with each
other.

The topics selected for the MALL lessons considered the principles of andragogy (Knowles,
1984), the natural approach of language learning (Krashen & Terrell, 2000), and the sociocultural
instructional design (Grabinger et al., 2007; Halliday, 2004; Vygotsky, 1978). Combined, the vo-
cabulary lessons for this study exposed participants to a variety of everyday functional and con-
versational language use, and focused on:

e language learning rather than the grammar and technicality of language;

« seeking fluency rather than accuracy, thus direct error correction and pronunciation work
is not necessary at early stages;

e treating vocabulary as an essential component of learning English rather than grammar
because extensive vocabulary knowledge permits fluency in communication;

e learning vocabularies that are essential to the learners’ needs, strengths, weaknesses, and
aspirations, for example, learning the phrases that are commonly used to ask permission
politely or phrases used to describe people’s facial features; and

e Dbuilding listening and speaking skills.

Material for the MALL lessons were sourced from English as a Second Language (ESL) text-
books, ESL mobile apps, and ESL websites. Table 1 shows a sample of categories of everyday
conversational language developed as a mobile app for the beginner level ESL adult learner. This
app is called ThinkEnglish! and is developed and used by the Australian Migrant English Services
in New South Wales for their adult migrant students in government-funded English programs. In
each category a learner can watch and listen to conversations, practice vocabulary by matching the
words with pictures while listening to word pronunciation, and practice speaking in an interactive
medium with an audio recording facility.

Table 1: The categories of situations for everyday conversational language on the
ThinkEnglish! app (AMES, 2011)

Category Sample Situations
At the shops At the post office, at the chemist, at the library
Daily life What’s the weather like, talking to neighbours
People and places Describing people, describing a city and country
Messages What’s the matter, taking messages, leaving a message
My news, in the news The first day, a news story, celebrations

The following is a sample of how a MALL lesson on the topic of Describing People is conducted.

Step 1

Pictures were used to pre-teach vocabulary (words/phrases) such as “wears glasses”, “beard and
moustache”, “spiky hair’, “blonde hair”, “tall and short”, and “young” (Figure 1). The purpose of
pre-teaching is for learners to understand the meaning and become familiar with the vocabulary
so that it would be easier when encountering more complex sentences or texts. Each picture is of
an A4 size. One picture was displayed on the board and discussion was elicited from the at-
tendees based on this picture. With a partner, the attendees made sentences using the key-

word/phrase and shared their sentences with the whole group. To encourage conversation, follow-
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up questions were asked from the sentence that was created and the attendees would try to com-
pose follow-up sentences/answers. This process was repeated for the other pictures.

“moustache”

“blonde hair” “tall and short”

Figure 1: Pictures used for pre-teaching vocabulary

Step 2

This step is when drilling is used to help attendees practice fluency and become familiar with how
the words and phrases are used. With all six pictures on the whiteboard, the following correspond-
ing sentences are drilled:

a) “She wears glasses”

b) “He has a beard and a moustache”
c) “He’s got spiky hair”

d) “She’s got blonde hair”

e) “He’stall”

f) “He’s short”

g) “They’re young”
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Step 3

This is when each attendee was given a tablet to work with and paired with another attendee. The
ThinkEnglish! app was downloaded on all 10 tablets before the start of the lesson, and it was en-
sured that the tablets were fully charged. The ThinkEnglish! app was then pre-set as the start page
when the tablet was switched on by the learner. Figure 2(a) and Figure 3(a) are samples of the
user interfaces on the tablet that the attendees of the MALL lessons were presented with to work
on. Figure 2(b) and Figure 3(b) show the finished exercises that the attendees completed.

(b)

Figure 2: Sample of an interface of the app on the tablet used in this study
as vocabulary exercise I

(b)

Figure 3: Sample of an interface of the app on the tablet used in this study
as vocabulary exercise 11
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Tapping on the play button lets one listen to the audio of the names of the facial item (Figure
2(a)). Attendees who struggle with reading can just tap the play button and listen to the audio, and
try to recognise the word and what it means. By pressing the same button, the word can be
dragged and placed in the correct box (Figure 2b). When the exercise is completed, as in Figure
2(b), one can tap on any of the play button to listen to the audio again. The exercise can be
refreshed and repeated as many times as needed.

Results

Demographic Information

The six non-native English speaking migrant women participating in this study were selected us-
ing purposive sampling identified through the English conversational program from the case
study site. They are aged between 29 to 51 years old. They have lived in Australia between 2 to 7
years. They are all literate in their native language and have completed high schools. They identi-
fied themselves as needing to improve their speaking skills to a level of English proficiency that
allowed them to communicate comfortably to the wider native Australian English speakers. They
also identified themselves as housewives with children going to school. Data were also collected
about their country of origin, the first, second, and third language they spoke, and their level of
literacy. Table 2 summarises this data.

Table 2: Demographic data

P;e;::llo Migration to Australia Everyday Language Use (L1,L2,L3)
Age | Country of | Number of L1; L2; L3;
origin years living Script; Seript; Script;
in Australia 'Reading fluency; "Reading fluency; | 'Reading fluency;

*Writing fluency *Writing fluency *Writing fluency

SURI 29 Indonesia 2 Indonesian English
Roman Alphabet Roman Alphabet
High Low
High Low

RINA 33 Indonesia 2 Indonesian English Rohingya
Roman Alphabet Roman Alphabet Arabic
High Low Very Low
High High Very Low

LIDDY | 43 China 7 Mandarin Cantonese English
Logographic Logographic Roman Alphabet
High High Average
High High Average

ALLY | 38 China 2 Mandarin Cantonese English
Logographic Logographic Roman Alphabet
High High Very Low
High High Low

KEY 51 Malaysia 2 Mandarin Malay English
Logographic Roman Alphabet Roman Alphabet
High Average Low
High Average Average

ROSE 44 Congo 7 Lingala French English
Extended Roman/Latin | Roman Alphabet Roman Alphabet
Average High Low
Average High Low

" Reading fluency: Very high = able to read and comprehend complex texts (e.g. academic texts); High = able to read
and comprehend non-complex texts; Average = able to read non-complex texts; Low = Struggle to read in general;

Very low = not able to read at all.

2 Writing fluency: Very high = able to write (produce) complex texts; High = Able to write (produce) non-complex
texts; Average = Able to copy non-complex texts; Low = Able to copy simple words and sentences; Very low = not
able to write.
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Sociocultural Influences on Learning

The following provides other participant background details important to gaining an understand-
ing of how sociocultural factors affect the women’s lives and their reactions to learning English
in general.

SURI (Indonesia)

Suri is a married Muslim. She and her husband and three children came to Australia as refugees.
Her husband is Rohingya Burmese. Suri still experiences migration trauma due to spending ten
days travelling by boat. Currently they are under a refugee protection visa while waiting for their
permanent residency to be approved. Suri is restricted socially due to her cultural and religious
background. She rarely mixes with English-speaking people in the society. She only mixes with
other multicultural community members when she attends programs organized by the community
centre.

Suri completed primary and high school in Indonesia. She learned basic English in both schools.
The medium of reading and writing was Roman alphabet. However, she writes slowly now be-
cause of lack of practice and she is unsure of the spelling. Suri values the importance of being
proficient in English because of living in Australia but she is still quite embarrassed about speak-
ing English. She always worries about making mistakes. She also finds it hard to understand na-
tive Australian speakers when they speak.

RINA (Indonesia)

Rina is a married Muslim. She and her husband and their two children came to Australia as refu-
gees. Her husband is Rohingya Burmese. Rina was pregnant with her third child when they trav-
elled by boat for ten days to Australia. Rina would like to work but her refugee protection visa
status prohibits her to do so. They have been waiting for their permanent residency to be ap-
proved for one and a half years. Rina completed primary and high school in Indonesia. Basic
English was taught in both schools. The Roman alphabet was used as the medium of reading and
writing. Rina has no problem writing/copying words from the board.

Rina can speak basic English very confidently. She is not embarrassed to speak English and make
mistakes. Rina takes her two-year old daughter and her three year old son to a playgroup near her
housing complex. At other times, Rina mostly stays at home caring for her children. Rina is cur-
rently pregnant with her fourth child. Rina finds it hard to understand the Australian accent. This
is one of the reasons she feels very strongly that she needs to be good at speaking English, so that
she can communicate better with her son’s teachers, to other Australian native speakers and peo-
ple at the government office. She would also prefer to not have to rely on her 13 year old son to
interpret for her.

LIDDY (China)

Liddy lived in New South Wales and Victoria before moving to Western Australia. She has 17
year old twin boys. She has work experience in a meat factory in Victoria. That work experience
gave her exposure to English. Liddy has developed proficiency in basic English due to living in
Australia for seven years. However, she feels she can do better and that she needs to improve her
reading and writing to prepare her for other courses that will enable her to find a better job. Liddy
completed primary and high school in China. Non-alphabetic Chinese characters or logographic
was used as the medium of reading and writing. She learnt basic English and Roman alphabet
writing.

Liddy is eager to start formal learning but at the same time she does not feel ready because she
thinks she needs to improve her speaking, reading, writing, and listening skills. She thinks the
listening skill is important because she still finds it hard to understand the Australian accent and
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when speaking with native English speakers. Liddy plans to take aged-care certificates when she
is ready.

ALLY (China)

Ally married her Australian husband two years ago and moved to Australia. Her husband is a pro-
ficient Mandarin speaker who spent three years learning the language. Ally and her husband
speak more Mandarin at home than English, which is her motivation for attending the conversa-
tional English program at the community centre. Ally is not eligible for the government-funded
English program due to her visa status. Ally spoke only a few words of English when she first
joined the conversational English program. Ally has slowly increased her word bank, which al-
lows her to use a greater variety of words when communicating. Ally also seems to be more con-
fident in speaking English.

Ally completed primary and high school in China where non-alphabetic Chinese characters or
logographics was used as the medium of reading and writing. She did not learn English and Ro-
man alphabet reading and writing at all. This causes Ally to not have confidence in reading and
writing in English. Ally struggles when reading English words and short sentences, but she has no
problem writing (copying) words and short sentences.

Ally finds it hard speaking to Australian native English speakers because of the Australian accent.
Ally wants to improve her English so that she can communicate with her husband’s family and be
able to do courses and to find jobs. She feels that she needs to prepare herself by improving all
four English skills (reading, writing, speaking, and listening). Ally plans to work in the marketing
sector when she is ready and after her permanent residency visa is approved.

KEY (Malaysia)

Key is a Malaysian Chinese who married her husband two years ago and moved to Western Aus-
tralia. Her husband is a Malaysian Chinese who is now an Australian citizen. Key is still adjusting
to a new life in Australia. Key finds it hard to understand Australian native speakers when they
speak, thus she relies a lot on her husband or his son to interpret for her.

In Malaysia, Key went to a Chinese school for her primary education and mainstream school for
her secondary education. Key is fluent in Mandarin (reading, writing, and speaking) and average
in Malay (reading non-complex texts, writing basic Malay, and speaking basic Malay). The Ma-
lay language uses Roman alphabets. Key has no problem writing (copying) texts that use the Ro-
man alphabet, but struggles when reading English texts. English was taught as a second language
in the Malaysian school system but the language was not used extensively by the students when
outside of the classroom. Key explains that she was too embarrassed to speak English because of
her fear of making mistakes and being called a “snob”.

Since moving to Australia, Key has a different perspective of the English language and appreci-
ates how important and useful it is in Australia. Since joining the conversational English program
at the community centre, Key has slowly overcome her fears and speaks more in the program.
Key plans to work in dressmaking or massage and facial therapy after she obtains her permanent
residency visa. Her visa will also permit her enroll in government-funded English classes.

ROSE (Congo)

Rose came to Australia under a religious visa with her husband and five children seven years ago.
Rose’s husband is a pastor at a local church that serves members who are of African background.
Rose is active in the Church programs. The languages used for communication include French,
Bantu, Kituba, Lingala, and Tshilumba. Rose speaks French, Lingala, and Tshilumba. Rose at-
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tends the conversational English program at the community centre to practice her English, get
involved with other programs at the centre, and also meet friends and make new ones.

Even though Rose has lived in Australia for seven years, she still finds it hard to speak with Aus-
tralians because of the accent. Rose has completed Certificate III in English and Certificate III in
Health Service Assistant. Rose has experience working in aged-care but had to stop working for a
while. She has been trying to get back to work but has found that jobs in that industry are now
scarce and very competitive. Rose plans to further her studies and go into the Children Services
industry.

Responses to Learning Vocabulary using the Tablet

Table 3 provides examples of direct responses given by the six participants and also some obser-
vations. This data was collected during the post-MALL interview, that is, after the women had
experienced using the tablet to learn vocabulary.

Table 3: Direct responses by participants and observations from post-MALL interview

Pseudo- | Perception of using the tablet for learning English vocabulary
nym

SURI “I don’t have a tablet at home. I like to use it because it’s like using my phone, it’s easy to use”
Shares some of the words and phrases learnt from the MALL lesson “the lock is broken”, “the

LEINNT

tap is leaking”, “spiky hair”, “I learn how to describe hair colours. Now I know there’s red hair
and ginger hair”

When learning English, prefers using the tablet than the book because “they have colourful pic-
tures... can listen how they say things”

“I like to share the tablet with my friend (during lessons) because we can practice together.
Sometimes I don’t know how to do some things on the tablet. I like when you are here because
you can tell me what to do”

If she were given the tablet to bring home, she would prefer to learn in a quiet place or room by
herself, so that she could hear better and no distraction from her children

RINA “It’s easy to use this tablet. My children have them... like my phone”
Prefers using tablet than books for learning English because “I can just use one tablet...I don’t

have to carry many books... heavy. We can find a lot of things (information) from the tablet,
like the big computer, it has internet”

“I use the Indonesian-English dictionary (app)”.

Prefers to work by herself and at her own pace “...sometime I can do (things on the tablet) very
fast, sometimes my friend is too slow”.

Prefers to have the author present during the lesson to provide instruction and guidance because
“you have plan what to teach us”

Uses her tablet to find information such as recipes, reading the news about Indonesia and My-
anmar.
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LIDDY

Does not own a tablet and considering purchasing one for herself. It is easy to carry compared
to a laptop and she can slip it in her handbag.

Likes to use the tablet because it is easy to use, has similar features like her smartphones, she
can listen to pronunciations and conversations in Australian.

LR I3

Shares the words/phrases learnt from the MALL lessons — “side burn”, “moustache
hair” “the toilet’s overflowing”

2 Gbspiky
“I sometimes need teacher and sometimes don’t. Sometimes I need to ask some questions.”

“Sometimes I like to share (the tablet) with my friend, we can discuss...she’s funny...(the les-
son) not boring”

ALLY

“The tablet is easy to use...the size fit in my bag”

Thinks that the tablet is a good tool for learning English because “it has colour(ful) pic-
tures...can watch movies...can listen to conversation”

Depends on the learning environment, sometimes prefers to learn alone and sometimes with
friends. The advantages of learning with friends are that, they can discuss and practice together.

Shares the words/phrases learnt from the MALL lessons — “menu” , “have here or take away?”,
“Can I have a coffee, please?”, “Can I have a juice, please?”, “I’d like”, “I’ll have”

KEY

“I learn more words now”

Likes the size, the pictures and the playing movies features “I like (the) tablet. (It’s) easy to use.
I always take it in my bag. I can find information anytime. I can take pictures and videos”

“Sometimes I like to learn by myself, sometimes with friends because it’s nice to share”
“I like teacher to teach me... teacher can confirm whether I do things right or not”

Shares the words/phrases learnt from the MALL lessons — “the toilet’s overflowing”, “the lock

EERNT3

is broken” , “she wears glasses”

ROSE

“It’s easy to use... quite (the) same with my phone. But it’s bigger, I can read the bible”

“The tablet (works) like the laptop (computer) but I cannot type letters. I can get Internet...I can
get a lot of information and answers”

Prefers to use the tablet by herself if she’s learning French/English, prefers sharing with a friend
and work in small group when doing the MALL lesson.

“I cannot focus so much. I always think about my children”

Shares the words/phrases learnt from the MALL lessons — “The computer is broken”, “the tiles
are cracked”, “Can I have my receipt, please?”, “What would you like today?”, “I’ll have a cof-
fee, please?”

Discussion

Allender (1998) and Hewagodage and O'Neill (2010) maintain that adult learners learning Eng-
lish as a second, third, or fourth language in general, and English vocabulary specifically, are in-
fluenced by factors such as level of education in native language (L 1), culture, past experiences
and knowledge, age, and opportunities to speak English. The results from interviews with the six
women in our study reflect this notion clearly, where all six participants are literate in L1 and
completed both primary and secondary education. They have experienced formal and structured
schooling. Even though they struggle in English, some of their previous learning experience was
useful for them. For example, Sri, Rina, Rose, and Key used the Roman alphabet for L1. They
can copy English words or phrases from the board into their personal notebook fairly quickly.
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Ally and Liddy, on the other hand, used Chinese characters to write notes in their native lan-
guage. Being able to go back to their notes is obviously an advantage for them as this helps them
to recall and retain the memory of the words and phrases that they have learnt.

In addition to culture, family and religion play major roles in women’s lives (AMES, 2011;
ECCV, 2009; McMichael & Manderson, 2004). The participants, like other women who are of
ethnically diverse background, usually can stay out of the house only for a restricted time as they
need to, for example, cook lunch, take their baby home for nap time, or simply have to be home
by a certain time. These are some of the factors that illustrate how some women, like Suri and
Rina, are restricted socially. Furthermore, they are prohibited by the law from finding employ-
ment due to the restriction on their visa status, and they are unable to further their education due
to financial difficulty. As a consequence, they have fewer opportunities to mix with other Austral-
ians, thus leading to isolation from the broader community and taking a longer time than men to
overcome language barriers and adjust to life in Australia (Colic-Peisker & Tilbury, 2007; Fozdar
& Hartley, 2012).

Although all six participants have lived in Australia between 2 to 7 years, they still feel uncom-
fortable speaking English with native English Australian speakers. They identify that they need to
improve their speaking skills to a level of English proficiency that allows them to communicate
comfortably. Key, Suri, and Ally had a common concern of feeling embarrassed to speak English
outside the program because of their fear of making mistakes. They all have slowly overcome
these feelings and each week they are speaking more within the group. Rina, Rose, and Liddy did
not have these issues. They had a positive attitude that they could do better and wanted to ad-
vance to being able to seek employment. However, they faced a different kind of fear; that is, not
feeling ready. They plan to go on to the next step after they have improved their speaking, writ-
ing, reading, and listening skills.

All six women expressed concerns of having difficulty understanding the Australian accent. This
may be the factor that is causing their fears since it is a problem that they consistently encounter
and it becomes a challenge for them. The Office of Multicultural Interests (OMI, 2012) recogniz-
es that, alongside learning and adapting to a new culture, and dealing with emotional, psychologi-
cal, sociocultural, and socioeconomic challenges, learning English is one of the challenges faced
by migrants settling in Australia. The community centre plays a significant role in the lives of the
participants. As reported by K.S. Ahmad et al. (2013) and RCOA (2010), the programs offered by
such centres provide an alternative to the formal government-funded programs by providing the
opportunity and space in a friendly and non-rigid learning environment.

The MALL lessons undertaken by the participants follow three steps: Step 1 — pre-teaching of
vocabulary and phrases; Step 2 — drilling to help attendees practice fluency and become familiar
with how the words and phrases are used; and Step 3 — completing the exercise using the app
downloaded on the tablet. The interactivity and multimedia features of the tablet allow for au-
thentic content (such as a short video of a conversation between two native Australian English
speakers) to be presented to participants. The MALL lessons were designed based on the soci-
ocultural approach of Grabinger et al. (2007), Halliday (2004) and Vygotsky (1978), that is, the
idea of a social cultural learning environment where learners are exposed to the social norms of
and interactions in the target language, and are able to use what they learn for meaningful com-
munication.

The use of the tablet and the MALL learning environment was revealed to have positive effects
on participants’ vocabulary learning. The apps that were used addressed the topics that were rele-
vant to non-native adult migrant English learners. The contents of the apps were designed in such
a way that it gave examples of the Australian culture and language through learning vocabulary.
All participants could recall the topics that they had learnt in the MALL lessons and the vocabu-
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laries (words or phrases) that were associated with the topic. The participants demonstrated that
they not only acquired the meaning and knowledge of the words and phrases but also were able to
use them in the right context.

Some of the words and phrases that participants could recall were:

9% ¢ 9% <c 9% ¢

“the lock is broken”, “the tap is leaking”, “spiky hair”, “side burn”, “moustache”,
“the toilet’s overflowing”, “Have here or take away?”, “Can I have a coffee, please?”
“Can I have a juice, please?”, “I’d like...”, “I’ll have...”, “Can I have my receipt,

please?”

This is a positive indicator, as vocabulary acquisition is important for second language oral profi-
ciency (J. Ahmad, 2011; Choo et al., 2012; Coady & Huckin, 1997) and the larger the partici-
pants’ word bank, the more tools they have for processing and communicating their ideas and
processing those of others (J. Ahmad, 2011; Elgort, 2011). Kenny (2011), Krashen and Terrell
(2000) and Nation and Newton (2009) posit that vocabulary has to be acquired before language
acquisition can occur.

In learning a second (or third or fourth) language in a sociocultural learning setting, it is im-
portant that cross-cultural understanding and intercultural literacy is embraced by teach-
ers/instructors and learners (Burgoyne & Hull, 2007; O’Neill & Gish, 2008). As the facilitator of
the group, the author uses MALL lessons that reflect authenticity and suitability for participants
of diverse cultures and backgrounds. She also encourages group work and considers Knowles’
(1984) principles of andragogy. As noted by Burgoyne and Hull (2007), O’Byrne, (2003) and
Martin and Rose (2005), it is essential for participants to engage with each other in co-
constructing the knowledge, in this case, the knowledge of the English language. As such, in Step
1 and Step 3, participants were paired to work on tasks and exercises. Participants responded pos-
itively about working with a partner when doing the MALL lessons as it allowed them to discuss
and practice together.

Depending on their level of English proficiency, familiarity and confidence in using the table, and
the level of complexity of the topics presented in the MALL lessons, some level of teach-
er/instructor presence and support is necessary. Participants felt safe when the teacher/instructor
was present because she could provide instruction and guidance and provide answers to question,
for example, questions about vocabulary or how to navigate the app on the tablet.

The MALL learning environment enriched and provided positive vocabulary learning experiences
to the six participants. The tablet, as the mobile device for MALL, has the features that make this
possible. These features are connectivity, context sensitivity, portability, individuality, and social
interactivity (Klopfer et al., 2002).

Connectivity refers to the ease of connecting the tablet to the internet for access to learning mate-
rial. In this study, the app was downloaded using the Wi-Fi connection available at the communi-
ty centre. The internet was used by participants to search for information, such as translation of an
English word to their native language.

Context sensitivity refers to the context awareness of the app with user’s interaction. For example,
in the vocabulary exercise, participants interact with the app interface by tapping, dragging, or
swiping their finger/fingers on a button or a bar. The app is designed for easy navigation for be-
ginner English learners. The participants are also alerted, by highlights or blinking cues and
prompts, for correct or incorrect answers. Alerts are also shown when participants have complet-
ed an exercise and are supposed to move on to the next level. Participants, whether already famil-
iar with using a tablet or not, all commented that this feature made the apps easy to use and navi-
gate. Moreover, the usage is similar to their smartphones, only the tablet has larger screen. Liddy
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thought that it was easy to use the tablet because it had similar features as her smartphone. Rina
said “It’s easy to use this tablet. My children have them... like my phone.”

Portability is a feature of the tablet that provides convenience of use for participants. The tablet
has the dimensions of 200x130x13mm and 340g in weight. It is small and can fit into a medium
size handbag. Portability also refers to how both the user and the tablet is portable and that the
tablet can be used online and offline. The app that is used for the MALL lesson was downloaded
onto the tablet, thus learning can take place without constraint, anytime and anywhere, provided
the tablet has battery life available. A participant, Key, owns an iPad and likes the convenience of
use and the capabilities of the tablet: “I like [the] tablet. [It’s] easy to use. I always take it [my
iPad] in my bag. I can find information anytime. I can take pictures and videos”. Rina does not
own a tablet, but she prefers using a tablet than books for learning English because “I can just use
one tablet... [ don’t have to carry many books... heavy. We can find a lot of things [information]
from the tablet, like the big computer, it has internet”.

The Individuality and social interactivity features of the tablet refer to personalized or customized
learning that the participants can choose. Participants can learn vocabulary at their own pace, re-
peat the lesson, replay audio or video, pause, go back, forward or skip some parts of the app. Par-
ticipants have a choice of using the tablet individually and personalizing their learning, or learn-
ing collaboratively with other participants (Cavus & Ibrahim, 2009). The multimedia capability of
the tablet is also an appealing factor. Liddy said that she can use the app on the tablet to listen to
conversations and learn pronunciations in Australian. Ally thinks that the tablet is a good tool for
learning English because “it has colour[ful] pictures ... can watch movies ... can listen to conver-
sation”. Suri prefers using the tablet than a book when learning English, because “they have col-
ourful pictures ... can listen how they say things”. The app included other element for learning
vocabulary including flashcards, audio, video, digital worksheet, pronunciations practices, and
conversations in Australian accents with accompanying transcript.

Conclusions

This paper reported the positive effects in six migrant women’s vocabulary learning after under-
taking a series of MALL integrated vocabulary lessons in a non-formal learning environment.
The participants have lived in Australia between two to seven years, but still struggle with Eng-
lish. The study was undertaken at a small community centre in Western Australia that has a 2-
hour weekly program for people who are non-native English speakers to practice conversational
English. The study demonstrated that it is feasible to utilize MALL for migrant women to learn
vocabulary, in a non-formal environment, provided the design of the MALL lessons are based on
the sociocultural theory of language learning. The sociocultural approach requires a teach-
er/facilitator to ensure that the learning material delivered to learners is authentic and essential to
the learners’ needs. The learners should be given the opportunity to collaborate, engage, and in-
teract with their peers in co-constructing meaning and knowledge. The learners should also be
able to use what they have learnt and able to communicate it meaningfully. The naturalistic and
non-formal feel of the learning environment should be maintained, even with the insertion of the
tablet as a learning device.

Migrant women’s vocabulary acquisition is affected by both their personal and sociocultural
backgrounds that include culture, family responsibility, religion, education background, literacy
in L1, past experiences and knowledge, age, and opportunities to speak English. Having some
level of literacy in L1 is advantageous for Step 1 of the MALL lesson. Step 2 would benefit all
learners. Including MALL in language learning enriches learners’ vocabulary learning experienc-
es because of the features of the tablet as a learning device. These features include connectivity,
context sensitivity, portability, individuality, and social interactivity.
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This study has provided an understanding of the effects of MALL to migrant women's English
language acquisition in general, and vocabulary acquisition in particular. It can be concluded
from the discussion that the participants were satisfied with the MALL lessons, had an expanded
word bank, and enjoyed the enriched vocabulary learning experience.

Other potential benefits to participants of this study include increased vocabulary skills that lead
to confidence in communication thus increasing the participants’ potential of becoming socially
inclusive within the Australian society. Participants will become capable of taking responsibility
of their own learning, possibly using their own mobile device, thus leading to lifelong learning.
Familiarity with the mobile devices will increase digital literacy levels as well as facilitate access
to useful websites and networks (social, government, or career), thus reducing isolation in partici-
pants’ lives. These benefits will eventually lead to increased opportunities for employment.

A limitation of the study is the relatively small sample size. As indicated before, this study is part
of a larger research project with a larger cohort of participants. Despite the small sample dis-
cussed in this paper, these findings provide insight into the broader community of migrant women
English learners.

References

Ahmad, J. (2011). Intentional vs incidental and vocabulary learning. Interdisciplinary Journal of
Contemporary Research in Business, 3(5), 67-75.

Ahmad, K. S., Armarego, J., & Sudweeks, F. (2013, November). Literature review on the feasibility of
mobile-assisted language learning (MALL) in developing vocabulary skills among non-English
speaking migrant and refugee women. Paper presented at the International Conference on Research
and Innovation in Information Systems (ICRIIS), Kuala Lumpur, Malaysia.

Alemi, M., Sarab, M., & Lari, Z. (2012). Successful learning of academic word list via MALL: Mobile
Assisted Language Learning. International Education Studies, 5(6), 99-109.

Allender, S. C. (1998). Adult ESL learners with special needs: Learning from the Australian perspective.
Center for Adult English Language Acquisition.

AMES. (2011). Words to work: The experiences of people in the Adult Migrant English Program in
Melbourne. Melbourne, Victoria: AMES (Adult Multicultural Education Services) Research and
Policy Unit.

ASIB. (2012). Social Inclusion in Australia: How Australia is faring. Australian Social Inclusion Board
Retrieved from
http://www.socialinclusion.gov.au/sites/www.socialinclusion.gov.au/files/publications/pdf/HAIF _repo

rt_final.pdf
Billet, S. (1998). Appropriation and ontogeny: Identifying compatibility between cognitive and

sociocultural contributions to adult learning and development. International Journal of Lifelong
Education, 17,21-34.

Bimrose, J., & McNair, S. (2011). Career support for migrants: Transformation or adaptation? Journal of
Vocational Behavior, 78(3), 325-333. doi: http://dx.doi.org/10.1016/.jvb.2011.03.012

Burgoyne, U., & Hull, O. (2007). Classroom management strategies to address the needs of Sudanese
refugee learners: Advice to teachers - Support document: Methodology and literature review.
Australian Government.

Burns, R. B. (1994). Research methods. Melbourne: Longman Cheshire.

Burston, J. (2014). Twenty years of MALL project implementation: A meta-analysis of learning outcomes.
ReCALL, FirstView, 1-17. doi: 10.1017/S0958344014000159

42


http://www.socialinclusion.gov.au/sites/www.socialinclusion.gov.au/files/publications/pdf/HAIF_report_final.pdf
http://www.socialinclusion.gov.au/sites/www.socialinclusion.gov.au/files/publications/pdf/HAIF_report_final.pdf
http://dx.doi.org/10.1016/j.jvb.2011.03.012

Ahmad, Sudweeks, & Armarego

Cavus, N., & Ibrahim, D. (2009). m-Learning: An experiment in using SMS to support learning new
English language words. British Journal of Educational Technology, 40(1), 78-91. doi:
10.1111/.1467-8535.2007.00801.x

Choo, L. E. E. B, Lin, D. T. A. N. A, & Pandian, A. (2012). Language learning approaches: A review of
research on explicit and implicit learning in vocabulary acquisition. Procedia - Social and Behavioral
Sciences, 55(0), 852-860. doi: http://dx.doi.org/10.1016/j.sbspro.2012.09.572

Chuang, K. W. (2009). Mobile technologies enhance the E-learning opportunity. American Journal of
Business Education, 2(9).

Coady, J., & Huckin, T. (1997). Second language vocabulary acquisition: A rationale for pedagogy.
Cambridge: Cambridge University Press.

Coates, K. M., & Carr, S. C. (2005). Skilled immigrants and selection bias: A theorybased field study from
New Zealand. International Journal of Intercultural Relations, 29(5), 577-599.

Colic-Peisker, V., & Tilbury, F. (2007). Refugees and employment: The effect of visible difference on
discrimination. Murdoch University: Perth, WA.

Creswell, J. W. (2012). Educational research: Planning, conducting, and evaluating quantitative and
qualitative research (4th Ed.). Boston: Pearson.

ECCV. (2009). Social inclusion for migrants and refugees. Statewide Resources Centre: Carlton, Victoria.

Elgort, I. (2011). Deliberate learning and vocabulary acquisition in a second language. Language Learning,
61(2),367-413. doi: 10.1111/j.1467-9922.2010.00613.x

Fozdar, F., & Hartley, L. (2012). Refugees in Western Australia: Settlement and integration. Metropolitan
Migrant Resource Centre Inc.

Grabinger, R. S., Aplin, C., & Ponnappa-Brenner, G. (2007). Instructional design for sociocultural learning
environments. E-Journal of Instructional Science and Technology, 10(1).

Gu, X., Gu, F., & Laffey, J. M. (2011). Designing a mobile system for lifelong learning on the move.
Journal of Computer Assisted Learning, 27(3), 204-215. doi: 10.1111/§.1365-2729.2010.00391.x

Halliday, M. A. K. (2004). An introduction to functional grammar. London: Hodder Arnold.

Hewagodage, V., & O'Neill, S. (2010). A case study of isolated NESB adult migrant women's experience
learning English: A sociocultural approach to decoding household texts. International Journal of
Pedagogies & Learning, 6(1), 23-40.

Klopfer, E., Squire, K. & Jenkins, H. (2002). Environmental detectives: PDAs as a window into a virtual
simulated world. In Proceedings of IEEE International Workshop on Wireless and Mobile
Technologies in Education. IEEE Computer Society, Vaxjo, Sweden, pp. 95-98.

Kenny, L. A. (2011). Doing students justice: How first language acquisition influences second language
acquisition. /llinois Reading Council Journal, 39(4), 10-14.

Knowles, M. S. (1984). Andragogy in action.: Applying modern principles of adult education. San
Francisco: Jossey Bass.

Krashen, S. D., & Terrell, T. D. (2000). The natural approach: Language acquisition in the classroom.
London: Prentice Hall.

Kunz, E. F. (1973). The refugee flight: Kinetic models and forms of displacement. International Migration
Review, 7(2), 125-146.

Leedy, P. D., & Ormrod, J. E. (2005). Practical research: Planning and design (8th Ed.). Upper Saddle
River, NJ: Prentice Hall.

Lightbown, P. M., & Spada, N. (1993). How languages are learned. Oxford: Oxford University Press.
Martin, J. R., & Rose, D. (2005). Designing literacy pedagogy: Scaffolding asymmetries. London: Equinox.

43


http://dx.doi.org/10.1016/j.sbspro.2012.09.572

Learning English Vocabulary in a MALL Environment: A Sociocultural Study of Migrant Women

McDonough, J., & McDonough, S. (1997). Research methods for English language teachers. London:
Arnold.

McMichael, C., & Manderson, L. (2004). Somali women and well-being: Social networks and social
capital among immigrant women in Australia. Human Organization, 63(1), 88-99.

Migliorino, P. (2011). Digital technologies can unite but also divide: CALD communities in the digital age.
Aplis, 24(3).

Miralles-Lombardo, B., Miralles, J., & Golding, B. (2008). Creating learning spaces for refugees: The role
of multicultural organisations in Australia.

Mishra, S. (2010). Researching mobile learning — By Giasemi Vavoula et al. British Journal of Educational
Technology, 41(2), E37-E38. doi: 10.1111/j.1467-8535.2010.01060 14.x

Nation, I. S. P., & Newton, J. (2009). Teaching ESL/EFL listening and speaking. New York: Routledge.

O’Byrne, B. (2003). The paradox of cross-age multicultural collaboration. Journal of Adolescent and Adult
Literacy, 47(1), 50-63.

O’Neill, S., & Gish, A. (2008). Teaching English as a second language. South Melbourne: Oxford
University Press.

OML. (2012). New and emerging communities in Western Australia. Government of Western Australia,
Office of Multicultural Interests.

Ozdogan, M., Basoglu, N., & Ercetin, G. (2012, July). Exploring major determinants of mobile learning
adoption. Paper presented at the PICMET Conference: Technology Management for Emerging
Technologies, Vancouver, Canada.

Qian, D. D. (1999). Assessing the roles of depth and breadth of vocabulary knowledge in reading
comprehension. Canadian Modern Language Journal, 56, 262-305.

RCOA. (2010). What works: Employment strategies for refugee and humanitarian entrants. Surry Hills,
NSW: Refugee Council of Australia (RCOA).

Smith, M. K. (2002). Malcolm Knowles, informal adult education, self-direction and andragogy. The
Encyclopedia of Informal Education. Retrieved from www.infed.org/thinkers/et-knowl.htm

Smolicz, J., & Secombe, M. J. (2003). Assimilation or pluralism? Changing policies for minority languages
education in Australia. Language Policy, 2, 3-25.

Stockwell, G., & Hubbard, P. (2013). Some emerging principles for mobile-assisted language learning. The
International Research Foundation for English Language Education.

Tai, Y. (2012). Contextualizing a MALL: Practice design and evaluation. Educational Technology &
Society, 15(2), 220-230.

Thomson, S., & De Bortoli, L. (2012). Preparing Australian students for the digital world: Results from the
PISA 2009 Digital Reading Literacy Assessment. Retrieved from
http://www.acer.edu.au/documents/PISA2009_PreparingAustralianStudentsForTheDigital World.pdf

Thornton, P., & Houser, C. (2005). Using mobile phones in English education in Japan. Journal of
Computer Assisted Learning, 21(3), 217-228. doi: 10.1111/j.1365-2729.2005.00129.x

UN. (2013). Refugees - Overview of forced displacement. Resources for Speakers on Global Issues.
Retrieved from

http://www.un.org/en/globalissues/briefingpapers/refugees/overviewofforceddisplacement.html
UNHCR. (2011). UNHCR resettlement handbook. UN Refugee Agency:

Viberg, O., & Gronlund, A. (2012, October). Mobile Assisted Language Learning: A literature review.
Paper presented at the 11th International Conference on Mobile and Contextual Learning, Helsinki,
Finland.

44


http://www.acer.edu.au/documents/PISA2009_PreparingAustralianStudentsForTheDigitalWorld.pdf
http://www.un.org/en/globalissues/briefingpapers/refugees/overviewofforceddisplacement.html

Ahmad, Sudweeks, & Armarego

Vygotsky, L. (1978). Mind in society: The development of higher psychological processes. Cambridge,
MA: Harvard University Press.

Ward, C., Bochner, S., & Furnham, A. (2001). The psychology of culture shock. (2nd ed.). Routledge:

Hove.

Wu, W. H., Wu, Y. C. J,, Chen, C. Y., Kao, H. Y., Lin, C. H., & Huang, S. H (2012). Review of trends
from mobile learning studies: A meta-analysis. Computers & Education, 59(2), 817-827. doi:
http://dx.doi.org/10.1016/j.compedu.2012.03.016

Yin, R. K. (2011). Qualitative research from start to finish. New York: Guilford Press.

Biographies

Kham Sila Ahmad is a PhD student in the School of Engineering and
IT at Murdoch University, Western Australia. Her research is con-
cerned with the impact of integrating mobile assisted language learning
(MALL) into non-native English speaking migrant women’s English
vocabulary learning, within non-formal learning environment in the
Australian context.

Fay Sudweeks is an Associate Professor Emerita in Information Sys-
tems at Murdoch University. She has a PhD in Communication Stud-
ies. Her research interests include the impact of technologies on learn-
ing, communication, and culture. She is on the editorial board of nu-
merous journals including the Journal of Computer-Mediated Commu-
nication, New Media and Society, Human Communication Research,
and International Journal of e-Learning. She has co-chaired the inter-
national and interdisciplinary conference series on Cultural Attitudes
towards Technology and Communication.

Jocelyn Armarego is a Senior Lecturer in the School of Engineering
and IT at Murdoch University, Western Australia. Her PhD involved
how learning differs from professional practice in engineering. Her re-
search interests include education for ICT-based disciplines, women in
non-traditional areas and the cultural aspects of information systems.

45


http://dx.doi.org/10.1016/j.compedu.2012.03.016

This page left blank intentionally



Interdisciplinary Journal of e-Skills and Life Long Learning Volume 11, 2015

Cite as: Buzzetto-More, N., Johnson, R., & Elobaid, M. (2015). Communicating and sharing in the semantic web: An
examination of social media risks, consequences, and attitudinal awareness. Interdisciplinary Journal of e-Skills and
Life Long Learning, 11, 47-66. Retrieved from http://www.ijello.org/Volumel I/IJELLv11p047-066Buzzetto1666.pdf

Communicating and Sharing in the Semantic Web:
An Examination of Social Media Risks,
Consequences, and Attitudinal Awareness

Nicole Buzzetto-More, Robert Johnson, and Muna Elobaid
University of Maryland Eastern Shore, Princess Anne, MD, USA

Nabuzzetto-more@umes.edu rajohnson@umes.edu
meelobaid@umes.edu

Abstract

Empowered by and tethered to ubiquitous technologies, the current generation of youth yearns for
opportunities to engage in self-expression and information sharing online with personal disclo-
sure no longer governed by concepts of propriety and privacy. This raises issues about the unsafe
online activities of teens and young adults. The following paper presents the findings of a study
examining the social networking activities of undergraduate students and also highlights a pro-
gram to increase awareness of the dangers and safe practices when using and communicating, via
social media. According to the survey results, young adults practice risky social networking site
(SNS) behaviors with most having experienced at least one negative consequence. Further, fe-
males were more likely than males to engage in oversharing as well as to have experienced nega-
tive consequences. Finally, results of a post-treatment survey found that a targeted program that
includes flyers, posters, YouTube videos, handouts, and in-class information sessions conducted
at a Mid-Atlantic Historically Black College or University (HBCU) increased student awareness
of the dangers of social media as well as positively influenced students to practice more prudent
online behaviors.

Keywords: Cyber awareness, Cyber Safety, Facebook, Internet Safety, Negative Consequences
of Social Media, Oversharing, Privacy, Social Media, Social Media Safety, Web-Safety

Background

Social media come in many forms from bookmarking services like Delicious, Pinterest, and Bib-
Sonomy, to 3D Virtual Worlds like Second life, professional networking systems like LinkedIn,
Blogging tools like Blogger, microblogging tools like Twitter, collaborative content creation tools
such as Wikipedia or Wikispaces, photo sharing services like Flickr and Instagram, profile and
friend/social management systems like Facebook and MySpace, video sharing services like
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The major tools and services are best expressed by the infographic shown in Figure 1: Social Me-
dia Landscape 2013, which is provided courtesy of Fred Cavazza (2013)
(www.FredCavazza.net,), and which categorizes social media tools into the areas of publishing,
sharing, networking, and discussing and places Facebook, Twitter, and Google+ at the epicenter.

wikia
Mahalo @ .l
B TypePad 4

QLivesournaL =

@) worpPress Youllj vimeo

Pinterest \Eﬁ\
Blogger
. O et M EEYER SpOtxfy
L:;‘ilc()e;g Go /816 --°myspoce

) | &
XING™ s ooem " ko Qoeea

Lad©o mixi i
Disausj Quoral

d¥hrenren
| ‘éreddn github

StackExchange

FredCavazza.net

Figure 1: Social Media Landscape

A study (Duggan & Smith, 2013) reported that as of September 2013, 73% of all online adults
use social networking sites with 90% of adults ages 18-29 being social media users. Additional
findings included in the report are as follows:

» Social networking sites are increasingly used to keep up with social ties,

= Facebook users are more trusting than others,

= Facebook revives “dormant” relationships,

» The majority of Facebook users check the site multiple times per day,

=  Most social media users are active across multiple platforms (Duggan & Smith, 2013).

Today’s college students are habituated to using technologies that have changed practices of iden-
tity formation and self-expression. This raises issues about the unsafe activities of teens and
young adults who frequently fall victim to invasion of privacy, unauthorized disclosure of per-
sonal information, inappropriate self-disclosure, internet addiction, cyber-bullying, stalking,
scams and hoaxes, identity theft, and defamation (Buzzetto-More, 2012a). More specifically,
when Facebook use is considered, the following are among the most significant dangers for
young adults (Buzzetto-More, 2014b):

e Social media can harm a user’s image by presenting them in a less than desirable and/or
unprofessional light. This can stop a young adult from obtaining a job or internship.
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Services like Facebook keep everything forever. Whether something has been deleted,
untagged, hidden, removed, Facebook keeps a record of it. Click on a profile, upload a
photo, update your status, change your profile, Facebook remembers.

Social media sites encourage users to enter and share as much as possible. However this
data is exposed to cyber criminals. Further, the social networking systems themselves are
not secure from hacking.

Social media is plagued by scams, hoaxes, computer viruses, identity theft, malware, and
click jacking.

ALL social media sell user information. Also, once a user approves a website or app to
interact with Facebook or another social network, all activity will be automatically shared
with Facebook, whether the user is logged in or not.

When Facebook saves photos, they don’t just make a copy of the original, but instead
they make multiple copies to use in various ways. And each photo that is uploaded to Fa-
cebook carries with it the metadata that digital cameras include with each image. On
some cameras, such as the iPhone, metadata can also include the precise GPS location of
where the photo was taken.

Bad behavior on social networks is cause for termination by many employers. Complain-
ing about one’s job and/or sharing work information violates many employer acceptable
use policies. Something as simple as sharing a sexist image or racy joke can also violate
company policy. Further, most human resource managers consider a potential employees
social media behavior.

It is easy, and common, for people to hijack social media accounts and post on other’s
behalf. Often these posts are particularly damaging. Further, cyber bullying remains a
very real concern on social media.

Social media can invite crime. When users post updates about where they are or “check
in” they may be providing information and an incentive to would be criminals.

This study seeks to enhance the body of literature that focuses on young adults and risky online
behaviors. More specifically, the paper explores the risky social media activities of students at-
tending a Mid-Atlantic HBCU with an additional investigation into the negative consequences
experienced. The research procedures included distribution of a detailed survey that examined the
communication patterns and social media behaviors of undergraduate management students, fol-
lowed by the delivery of an awareness campaign that included course level lectures, posters, and
videos, and concluded with a post-treatment survey that examined the impact and efficacy of the
awareness. Six hypotheses were developed and explored as part of this study and were as follows:

H1: College students practice risky social networking behaviors

H2: Students have experienced negative consequences as a result of SNS use

H3: Females are more likely than males to overshare information via social media

H4: Females are more likely than males to have experienced negative consequences as a
result of SNS use

H5: Individuals who had a social media profile before the age of 16 are more likely to
have had a negative experience than those who opened their first profile after age 16.
H6 A targeted program can increase awareness of SNS safety

Literature Review

Today’s youth use social media to build and affirm relationships by engaging in self-expression
and information sharing online (Buzzetto-More, 2014a). This raises issues about the unsafe ac-
tivities of teens and young adults. In particular, during times of heightened emotions people have

49



Communicating and Sharing in the Semantic Web

been shown to be more likely to express private or emotional information (Berger, 2011) that Co-
hen (2012) refers to as having engendered the current “culture of oversharing”.

In a 2011 Pew survey about the future impact of the Web, most technology experts and stake-
holders participating agreed that the Millennial generation is changing the way society considers
personal disclosure and information-sharing via their use of social media (Hampton, Sessions,
Ranie, & Purcell, 2011). Further, the report found that many experts surveyed hoped that society
will become forgiving of those whose youthful mistakes remain on display in social media in
perpetuity.

A number of researchers have postulated that youth identity formation in the modern age is best
examined within the self-authored identities available on Facebook (Ryan & Xenos, 2011). The
way personality specific traits impact Facebook use, or non-use, was investigated by Ryan and
Xenos (2011) who based their findings on a sample of 1158 Facebook users and 166 non-users
who responded to questionnaires that included aspects of the Big Five personality inventory. Ac-
cording to the findings, Facebook users tend to be more extroverted, more narcissistic, and exhib-
it a lower level of conscientiousness than non-users and, concurrently, seem to experience a high-
er level of social loneliness than non-users.

Nadkarni and Hofmann (2012) introduced a model to explain Facebook user’s motivation sup-
ported by two basic needs: (1) the need of affiliation and belongingness, and (2) the need of self-
presentation. They explained that demographic and cultural factors are mostly related to the need
of affiliation, while personality traits like neuroticism, narcissism, timidity, and self-esteem corre-
late with the need of self-presentation.

Enhancement of one’s online identity, which in turn impacts self-esteem, has consistently been
shown to be a motivator for social media use that in turn impacts self disclosure. A study by
Muise, Christofides, & Desmarais (2009) concluded that Facebook is a forum where information
is readily shared by users because of the site’s influence on a user’s need for popularity. The cor-
relation between social media disclosure and self-worth was further explored by Rui & Stefanone
(2013) who found that the drive for self-worth via public evaluations increased the intensity of
social media posts and photo sharing.

Studies have found that teenagers have few concerns about privacy, and this disinterest leads to
unsafe behavior on SNS (Vanderhoven, Schellens, &Valcke, 2013). Further, during times of
heightened emotions people are more likely to share highly private or emotional information
(Berger, 2011) with an expectation of acceptance to their emotionally laden postings (Wizenburg,
2012). Cohen (2012) explains that this culture of oversharing has created a phenomenon known
as “status anxiety” that feeds on the insecurities of individuals.

According to Weitzenkorn (2013) the Web may seem safe and social media services relatively
innocuous, but oversharing on social media can result in real-life negative consequences impact-
ing almost all areas of a person’s life. More specifically, a devastating influence can occur on an
individual’s reputation, relationships, finances, and even physical well-being.

A study of 1,000 online individuals conducted by Retrovo (2010), asked people if they had ever
posted anything online about themselves that they regretted. According to the findings (32%) of
respondents admitted to having posted something online that they regretted. When age was spe-
cifically examined, respondents under the age of 25 were found more likely to have regretful
posts than their over 25 counterparts.

Vanderhoven, Schellens, and Valcke (2013) explained that privacy attitudes also need to be taken
into account if we want to decrease the amount of unsafe behavior on social networking sites.
Further, they explained that there was almost no research on the impact of school education on
privacy attitudes or actual safe behavior on SNS. As a result, they conducted a survey study of
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636 teenagers examining their attitudes towards privacy on SNS. According to the findings, ra-
ther low levels for privacy care on SNS were found. Especially younger teenagers and boys were
found to exhibit no concern about privacy issues on SNS.

In a large-scale study conducted by the Pew Center, Lenhart, Madden, Smith, Purcell, Zickher,
and Ranie (2011) examined the experience and behaviors of teenagers on social networking sites.
A summary of their findings include that:

e 88% of social media-using teens have witnessed other people be mean or cruel on SNS;

e 15% of teen social media users have experienced harassment in the past 12 months;

e 41% of teens who use social media have had at least one negative outcome;

e 25% of social media using teens have had an experience on a social network site that re-
sulted in a face-to-face argument or confrontation with someone;

e 22% have had an experience that ended their friendship with someone;

e 13% have had an experience that caused a problem with their parents;

* 8% have had a physical fight with someone because of something on a SNS;

e 30% of participating teens reports sharing one of their online passwords with a friend,
boyfriend, or girlfriend.

A 2013 follow-up Pew study (Madden, Lenhart, Cortesi, Gasser, Duggan, Smith, & Beaton,
2013) found that teens had become even more forthcoming with personal information than they
had been in previous studies as well as highly likely to manipulate their profile and timeline con-
tent in order to garner the maximum number of likes.. Additionally, the study found an increase
in teen Twitter use as well as the following:

* 59% of respondent have deleted or edited something that they posted in the past,

e 53% of respondent have deleted comments from others on their profile or account,

e 45% of respondent have removed their name from photos that have been tagged to iden-
tify them,

* 31% of respondent have deleted or deactivated an entire profile or account,

e 19% of respondent have posted updates, comments, photos, or videos that they later re-
gretted sharing,

e  Girls are more likely than boys to delete friends from their network (82% vs. 66%) and
block people (67% vs. 48%),

e African-American teens that use social media are more likely than white teens to say that
they post fake information to their profiles (39% vs. 21%),

e Online girls are more than twice as likely as boys to report contact from someone they
did not know that made them feel scared or uncomfortable (24% vs. 10%).

Additional studies have shown that Facebook abuse shows a significant positive correlation with
mental health deterioration, mainly with anxiety, stress, and pathological depression of users
(Hughes, Rowe, Batey, & Lee, 2012.) Even more concerning is that individuals suffering from
social anxiety or depressed people are more prone to engage in online communication and rela-
tionships, instead of engaging in face-to-face interactions, which in turn propagates the vicious
cycle of loneliness and isolation (Sheldon, 2008).

An article that focused on online disclosure as portrayed in Facebook profiles, which examined
hundreds of students at a north-eastern university found that women were more likely to disclose
personal and relationship information about themselves on social networking sites like Facebook,
whereas men were more likely to share information on activities they’re engaged in or opinions
on politics and sports (Kolek & Saunders, 2008). It also found that as age increases, self-
disclosure on social networking sites decreases. Further, in a recent study published in the Jour-
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nal of Social Media and Society (Sheldon, 2013) women were found to disclose to their exclusive
face-to-face friends and exclusive Facebook friends more than men.

In an article that sought to raise awareness of oversharing via social media, Weitzenkorn (2013)
advised SNS users not to disclose political views, to be careful what they “like” since the record
is maintained and is searchable, avoid posting when angry or upset, change profile settings to pri-
vate, avoid commenting on a controversial issue, disable the ability to be tagged in photos,
change passwords monthly, and remove personal information from social media services. Weit-
zenkorn’s advice is for users to search themselves on all major search engines, delete undesira-
ble/questionable posts and photos, and lockdown accounts with the most private settings possible.

What is the best way to increase awareness and thus decrease risky online behaviors? Vanderho-
ven et al. (2013) explored the impact that school education has on both privacy care and the safe-
ty of teenagers’ behavior on SNS. According to the findings, education conducted in schools has
a positive impact on increasing students concern and awareness of issues of privacy, which in
turn results in less risky behaviors conducted on social networking sites. They explained that
more effort is needed in schools as the topic remains inadequately and sporadically addressed in
most curricula. It has been found that the implementation of the topic of online safety is incon-
sistent despite the fact that a variety of educational packages about safety and security in SNS
have been developed.

Methodology

Participants

Founded in 1886, the University of Maryland Eastern Shore (UMES) is a Historically Black,
1890 land grant institution. It is a member of the University system of the state of Maryland, the
U.S. state with the highest population of African Americans. UMES primarily serves first genera-
tion, low income, and minority learners. The student population is approximately 4500, with a
student body that is approximately 78% African-American, 9.6% white, 1.4% Hispanic, and 11%
international, primarily coming from the continent of Africa and/or from the Caribbean region.
The gender distribution of the University is 64% female and 36% male. The freshmen-to-
sophomore retention rate is 71%, and the graduation rate is 41%. The school was ranked in the
top 25 among HBCUs in 2014 and the acceptance rate for applying students is 62.4% with the
majority of students coming from the Mid-Atlantic region, more specifically the Baltimore and
Washington D.C. urban centers.

By conducting this study at an HBCU, it provides research on a population that has previously
not received sufficient focus. Whereas a handful of studies have been conducted at majority insti-
tutions and a number with K-12 students, this is the first study of this magnitude that has been
conducted at Historically Black Colleges and/or Universities. Further, examinations conducted at
Historically Black Colleges and/or Universities are important because the critical mass of African
American college students can be found at HBCUs, which represent less than 3% of U.S. colleges
and universities but produce 25% of our nations Black college graduates as well as the prepon-
derance of African American doctoral degree recipients (Adams, 2012).

Materials

All students enrolled at the University of Maryland Eastern Shore are required to complete a gen-
eral education sequence of courses that include a discipline specific/major related freshmen pro-
fessional development course, a computer concepts course, and professional communications
course. A study conducted in the spring of 2014 at a Mid-Atlantic minority serving institution
sought to examine the perceptions and risky behaviors of students with respect to social network-
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ing services. In order to examine student perceptions, a survey was developed and delivered using
the Zoomerang/Survey Monkey system. Pre-testing was done in order to inform the survey design
process. The developed survey was comprised of a combination of dichotomous, Likert-scaled,
ordinal, ratio, short answer, and contingency questions. The survey was evaluated by several con-
tent and methodological experts in order to examine bias, vagueness, or potential semantic prob-
lems. Finally, the survey was pilot tested prior to implementation in order to test the efficacy of
the research methodology. It was then modified accordingly prior to distribution to potential par-
ticipants.

An educational campaign that included custom developed posters, a prepared YouTube video,
handouts, and live presentation/informational in-class sessions was launched. The poster used
during the campaign were hung in public areas across campus, placed on bulletin boards where
the Department of Business, Management and Accounting is housed, hung in the classrooms
where the live in-class informational sessions were delivered, and posted adjacent to the campus
cafeteria. Two of the custom posters created as part of this program are presented as Figures 2
and 3.
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— | \ﬂ b

THINK BEFORE
YOU POST TO
SOCIAL MEDIA

o
S0 ASK YOURSELF,

SHOULD | POST THIS?

‘)

STATUS?

SEARCH, DELETE, UNTAG and LOCK DOWN

Figures 2 & 3. Posters

A video presentation was created and posted to YouTube in order to support the educational
awareness campaign. The video titled Social Media Risks and Safety can be found at
http://youtu.be/zZIFgNXmqiVE. Additionally, aspects of the awareness campaign included the
delivery of live informational in-class sessions and the distribution of factual handouts.

Post treatment an online survey was distributed to the students who had completed the first sur-
vey as well as who had participated in the educational awareness campaign. The purpose of the
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survey was to measure changes in opinions as well as student perceptions of the efficacy and ef-
fectiveness of the awareness campaign.

Procedures

During the data collection process, students who were enrolled in several sections of targeted
general education service courses received an automated email with a personalized link to the
online survey. Using the email invitation collector component of Survey Monkey, a unique link
was generated for each recipient. While individual responses were anonymous, this linked each
response directly to an email address which was used to track completions and not specific re-
sponses. Additionally, students were given the option of opting out of the study.

The automated email message was not the only point of contact. Response rates were tracked and
following the initial invitation, two reminders were sent to non-respondents in two week intervals
following the initial invitation.

The survey was distributed to 414 potential participants and completed by 253 respondents, rep-
resenting a response rate greater than 60%. During the data analysis process the raw data was ex-
ported from the Survey Monkey system and imported into Microsoft Excel where descriptive sta-
tistics such as mean, skewness, standard deviation, and confidence level were examined and fre-
quency distributions in the form of counts and percentages considered. In order to consider the
hypotheses appropriate testing measures were performed and included examination of frequency
distribution and/or descriptive statistics (as appropriate) as well as conduction of crosstabulations
and T-tests where fitting.

Following the distribution and collection of the survey, an educational campaign that included
design and development of posters hung across campus as well as in program delivery class-
rooms, development and use of a custom YouTube video, handouts, and in-class delivered in-
formational sessions was launched.

Post treatment a second online survey was distributed to the 225 students who had participated in
phase 1 resulting in 99 completed surveys and a 44% response rate. The raw data was exported
from the distribution system and imported into Microsoft Excel where descriptive statistics such
as mean, skewness, standard deviation, and confidence level were examined and frequency distri-
butions in the form of counts and percentages considered. Additionally, comparisons of student
responses to questions pre and post treatment were made.

Six hypotheses were developed and explored as part of this study. These hypotheses focused on
the risky behaviors and negative consequences of social media use, the differences between male
and female respondents, the impact of age on negative experiences, and the success or failure of a
program delivered to increase awareness of SNS safety.

e Hypothesis 1 considers a range of activities considered risky such as oversharing via so-
cial media, whether users allow others to tag them in posts or post on their profile, and
profile settings that make their profile available to either everyone or friends of friends.

e Hypothesis 2 focuses on negative outcomes. It is addressed by considering responses to a
series of five Likert scaled agreement questions:

o Thave experienced at least one negative outcome as a result of social media use

I have posted or tweeted something on a social media site that I later regretted

I had a friend post an embarrassing or inappropriate picture of me

I have had someone post something about me that I found embarrassing

o
o
o
o Ihave gotten into an argument with someone via social media.
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e Hypothesis 3 considered whether females are more likely than males to overshare by
comparing means by gender and via a two-tailed T-test. More specifically, it compared
the responses of males and females to the Likert scaled statement.

o On at least one occasion, I have overshared information via social media

e Hypothesis 4 considered whether females are more likely than males to experience a neg-
ative consequence as a result of social media use by comparing means by gender and via
a two-tailed T-test. More specifically, it compared the responses of males and females to
the Likert scaled question.

o Ihave experienced at least one negative outcome as a result of social media use

* Hypothesis 5 examined whether individuals who had a social media profile before the
age of 16 are more likely to have had a negative experience than those who opened their
first profile after age 16. It was based on responses to a dichotomous question that asked
individuals if they had their first social media profile before the age of 16 and responses
to the Likert scaled statement

o Thave experienced at least one negative outcome as a result of social media use

* Hypothesis 6 examined the effectiveness of the targeted social media safety program and
campaign. It was based on an evaluation of students’ responses to the following Likert
scaled statements included in the post treatment survey.

o As aresult of the campaign, I am more aware of the dangers of social media use.

o As aresult of the campaign, I am more aware of how to be safe when using so-
cial media.

o As aresult of the campaign, I plan to be more cautious when using social media.

o As aresult of the campaign, I plan to make my social media accounts more se-
cure.

o Universities should educate students about the potential dangers of social media
use.

Additionally, several questions purposely included on the pre and post survey were com-
pared in order to examine changes in perception pre-treatment verses post-treatment.

Results

In total 96% of respondents were between the ages of 18 and 29 with 90% of respondents specifi-
cally between 18 and 22. With respect to gender distribution, 57% of respondents were female
and 43% of respondents were male. When distribution by degree progress was considered, the
majority of students were either freshmen (35%) or sophomore (28.1%) standing, with fewer jun-
iors (21.3%) and seniors (15%).

A dichotomous question was used in order to explore participants’ prior exposure to and use of
social networking sites with 92% of respondents reporting that they have a profile on a social
networking site. Taking a contingency approach, those who currently have profiles on social
networking site were asked how likely they are to use social networking sites in a typical week
most respondents (>50%) said “extremely likely”. These results are represented in Table 1.

Participants were asked how many of their “friends” on social networking websites have they met
in person. According to the results, only 14.5% of respondents have met all of their online friends
in person with rest (85.5%) not having met in person all of their online friends.
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Table 1: Frequency of Social Media Use

In a typical week, how likely are you to use social networking websites?

Answer Options Response Response
Percent Count

Extremely likely 57% 128

Likely 28.7% 67

Moderately likely 12% 28

Slightly likely 2%

Not at all likely 1.7% 4
answered question 233

skipped question 0

Participants were asked to estimate how much of their time on social networking sites is spent
posting things about themselves with 16% estimating that all of their time is spent dedicated to
self-promotion, 19% reporting that most of their time is dedicated to self-promotion, 23% esti-
mating that self-promotion represents half of their social networking activities, 36% saying some
of their time is self-promotion based, and 6% saying that they spend no time on social media
posting anything about themselves.

All participants were asked what age they joined their first social networking site, 61% responded
that they were under the age of 15 (>15) and 33% said that they were between the ages of 16 and
18. The full response distribution to this question is represented in Table 2.

Table 2: Age That Participants Started Using Social Media

At what age did you start using social networking services

Answer Options Response Response
Percent Count

15 or under 60.6% 151

16-18 32.5% 81

19-23 3.6% 9

24-30 2.8% 7

31-40 0.0% 0

41-50 0.4% 1

50 0.0% 0

I have never joined a social networking site 3
answered question 249

skipped question 4
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The following section will present the results from the six hypotheses that were considered as part
of this study. In order to consider each hypothesis, appropriate testing measures were performed
and included examination of frequency distribution and/or descriptive statistics (as appropriate)
as well as conduction of crosstabulations and t-tests where fitting. In the following section, each
hypothesis will be discussed individually, and in turn.

A. Hypothesis 1: College students practice risky social
networking behaviors

In order to explore H;: “College students practice risky social networking behaviors”, participants
were asked to respond to several five-point Likert-scaled statements. According to the results, the
participants have been guilty of oversharing via social media with a mean of 3.06, venting frustra-
tions via social media with a mean of 3.01, posting something that they would not want their par-
ents to see with a mean of 2.79, and posting something that they would not want a potential em-
ployer to see with a mean of 3.02. The results from these Likert-scaled question are presented in

Table 3.

Table 3: Risky Online Behaviors
T b i & I have posted pic- I have p?sted
I have been . tures, updates, something 1
. sometimes, 1
guilty of over- comments, etcet- | would not want a
. . vent my frus- .
sharing via frations via era that  would | potential employ-
social media . . not want my par- er to see
social media
ents to see
Mean 3.06 3.01 2.79 3.02
Skew -0.0351 -0.0879 0.1059 -0.1097
Standard De- 1.281268 1.374
viation 1.341763 1.3324
Confidence @ 0.0707982 0.0759327
959/, 0.0741409 0.0736239
Mode 4 4 3 4

In order to further explore Hypothesis one, a series of questions examined participants’ SNS pro-
file settings; none of the participants had a closed profile that is not available for viewing, 24%
said their profile is open to everyone, 23% said it is available to friends and friends of friends
(FOF), 25% said just friends, and 26% said “no idea I never changed the default” which at the
time of this survey meant that there profile was open. Additionally all respondents allow others to
post on their timeline, see what is on their timeline, tag them in posts or photos, and allow others
to see posts where they have been tagged.

These results are represented in detail in Table 4.
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Table 4: Student Profile Settings

Answer Options No Idea I never | Everyone Friends Friends | Nobody/

changed from and Not Al-
the default Friends of lowed
Friends

My profile is open 26.6% 24.2% 23.6% 25.6% 0%

Who can post on your timeline? 20% 23.6% 31.3% 25.3% 0%

Who can see things on your time- 17.5% 37.7% 18.5% 26.1% 0%

line?

Who can see posts you’ve been 13.7% 27% 29.1% 30% 0%

tagged in on your timeline?

Who can tag you in posts or pho- 15.5% 23.4% 24.2% 36.9% 0%

tos?

B. Hypothesis 2: Students have experienced negative
consequences as a result of social media use

Several negative outcomes were explored in order to test H, “Students have experienced negative
consequences as a result of social media use” in the form of five-point Likert-scaled questions;
60% of respondents said that they have had at least one negative consequence as a result of their
use of social media. Further, 58% have been upset by something someone posted or tweeted; 44%
have posted or tweeted something that they later regretted; 41% had a friend has post an embar-
rassing/inappropriate picture of them; 40% have gotten into an argument via social media; 36%
have had someone post something about them that they found embarrassing; and 39% have re-
ceived a nasty comment from a post or tweet that they had made. The results for this series of
Likert-scaled questions are represented in Table 5.

Table 5: Negative Consequences

Mean — Stdv. Conf Skew Mode

1 have had at 3.33 1.27661 0.0705413 | -0.4649 4
least one nega-
tive conse-
quence/experien
ce as a result of
using social me-
dia

1 have been up- 3.32 1.326104 0.0732757 | -0.5238 4
set by something
someone posted
or tweeted

1 have post- 3.01 1.361934 | 0.0752555 | -0.1486 4
ed/tweeted
something [ later
regretted
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I have had a 3.01 1.253958 0.0692892 | -0.1032 4
friend(s) post an
embarrassing
picture of me on
Facebook or
another social
networking site

[ have gotten 2.95 1.302267 0.0719585 | -0.0460 4
into an argu-
ment with some-
one through
Twitter, Face-
book, or another
social network-
ing site

I have had an- 2.88 1.314206 | 0.0726182 | 0.0549 4
other person
post something
about me that [
found embar-
rassing

I have received 2.85 1.312778 0.0725393 0.0301 4
a nasty comment
to a post/tweet |
made

C. Hypothesis 3: Females are more likely than males to
overshare information via social media

In order to explore whether females are more likely than males to overshare, the mean responses
to the statement “On at least one occasion, I have overshared information via social media” was
considered and the results were compared by gender. Additionally, a Two-tailed T-Test set to .05
was performed in order to test, and subsequently affirm, H;: “Females are more likely than males
to overshare information via social media”. These results are presented in Table 6.

Table 6: Gender and Oversharing

MALE FEMALE
Mean Stdv. Mean Stdv.
On at least one occasion, 1 1.447048 3.17 1.187603
have overshared infor- 2.63

mation via social media
Comparison of Means
T-Test CI @ 95%
P=.00161
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D. Hypothesis 4: Females are more likely than males to have
experienced negative consequences as a result of SNS use

In order to explore whether females are more likely than males to have experienced negative con-
sequences as a result of social media use, the mean responses for each gender were to the state-
ment “I have had at least one negative consequence/experience as a result of using social media”
were compared. Additionally, a Two-tailed T-Test set to .05 was performed in order to test, Hy:
“Females are more likely than males to have experienced negative consequences as a result of
SNS use”. These results are presented in Table 7.

Table 7: Gender and Negative Consequences

MALE FEMALE
Mean Stdv. Mean Stdv.
I have had at least one neg- 1.313367 3.60 1.092811
ative conse- 286

quence/experience as a re-
sult of using social media

Comparison of Means
T-Test CI @ 95%
P=.05

E. Hypothesis 5: Individuals who had a social media profile
before the age of 16 are more likely to have had a negative
experience than those who opened their first profile after age 16.

In order to explore Hs: Individuals who had a social media profile before the age of 16 are more
likely to have had a negative experience than those who opened their first profile after age 16,
participants were asked whether they had their first social media profile before age 16. The means
of those who said that they had their first profile before age 16 were compared to those who re-
sponded that they did not with respect to agreement to the Likert-scaled statement “I have had at
least one negative consequence/experience as a result of using social media”. According to the
responses those who had a social media profile <16 had a mean of 3.41 compared to a 3.0 for
those >16. Additionally, a Two-tailed T-Test set to .05 was performed which resulted in a P value
of greater than .05 (P=.96). The full results are presented in Table 8.

Table 8: Age and Negative Consequences

1 had my first social media YES=70% NO=30%
profile before age 16

Mean Stdy. Mean Stdy.

1 have had at least one nega- 3.41 1.29445 3.00 1.162
tive consequence/experience
as a result of using social
media

Comparison of Means

T-Test CI @ 95%

P=96
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F. Hypothesis 6: A targeted program can increase awareness of
SNS safety

An educational campaign that included posters, a custom YouTube video, handouts, and presen-
tation/informational sessions was launched. Post treatment an online survey was distributed to the
225 students who had participated in phase 1 resulting in 99 completed surveys and a 44% re-
sponse rate and used to test Hy: “A targeted program can increase awareness of social media safe-
ty.” According the findings, 90% agreed that as a result of the campaign they were more aware of
the dangers of SNS and how to be safe when using SNS (91%), plan to be more cautious (92%),
and make their SNS accounts more secure (86%). Finally, respondents agreed that Universities
should educate students about the potential dangers of SNS use (88%) and safe use practices
(89%). The descriptive data for these responses are presented in Table 9.

Table 9: Student Perceptions of the Awareness Campaign

As a result of the fly-
ers, lecture, and/or I plan on makine a
other information 1 I am now aware of feater effort togbe
have received I am how to be safe when fau tious when posi-
more aware of the using social media . s pos
. ing to social media
potential dangers of
social media use
Mean 4.381443299 4.367346939 4.434343434
Standard dev 0.994184119 0.912544365 0.847103301
Confidence 0.195838158 0.17975645 0.166865621
Skewness -2.066951495 -2.131040527 -2.20576935
I plan on making (or Universities should Universities should
hp y m‘i de) make an effort to ed- | make an effort to
av;reczn J]; ; ucate students about | educate students
my race (;O account | tne potential dangers | about social media
more secure of social media use safety
Mean 4.375 4.295918367 4.323232323
Standard dev 0.943119125 0.943880821 0.912814473
Confidence 0.185779182 0.185929223 0.179809656
Skewness -1.8213382 -1.755329595 -1.842019857

Additionally, questions included on the pre and post survey were compared and there was a
measured increase in the belief that employers are likely to review SNS activities for potential
candidates (from 51% pre-treatment to 86% post-treatment); and the belief that undesirable ac-
tivities can hurt the ability for a candidate to find employment (from 63% pre-treatment to 91%
post-treatment). These results are presented in Table 10.
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Table 10: Pre and Post Treatment Comparison

Pre- Post Treat-
Treatment ment

I think potential employers are likely to look at my social 3.54 4.41
networking activities
Social networking activities that are undesirable to a po- 3.75 4.38
tential employer can hurt a candidates ability to obtain
employment

Discussion

The current study under consideration discusses student perceptions and behaviors focused on the
risky social media activities of students, negative consequences experienced as a result of social
media use, differences in perception based on gender, and the impact of an awareness campaign.
The analyzed data and hypotheses testing was presented in the results section. In the discussion
section, the meaningfulness of the results of the tested hypotheses will be explored and related to
the existing body of literature.

Hypothesis 1: “College students practice risky social networking behaviors” represents the first
time that this topic has been explored through an examination of students attending a Historically
Black College or University (HBCU). The findings in this study supported Hypothesis 1 and are
consistent with what has been reported in the literature through such studies as those published by
Cohen (2012); Lenhart et al., (2011), Vanderhoven et al. (2013), and Wizenburg (2012) who also
reported that young adults practice a number of risky behaviors via social media.

Hypothesis 2: “Students have experienced negative consequences as a result of social media use”
was affirmed by the analyses of the data collected as part of this study. Additionally, these find-
ings are similar to what has been reported by in the literature by Lenhart et al., (2011), Retrovo
(2010), and Weitzenkom (2013) who have reported on the dangers and damages that can coincide
with social media use. Since this study was conducted at a HBCU, the findings provide initial
evidence to suggest that race has no bearing on whether a college student experiences negative
consequences as a result of social media use.

Hypotheses 3 and 4 examined gender differences with respect to social media use. Hypothesis 3
postulated that “Females are more likely than males to overshare via social media” and was sup-
ported by the results. Further, the findings are consistent with what has been reported in the litera-
ture (Kolek, & Saunders, 2008; Sheldon, 2013) who found that college-age females are more
forthcoming with their self-disclosure via social media than males. Hypothesis 4, which examined
whether “Females are more likely than males to have experienced negative consequences as a
result of SNS use” was supported and is consistent with what has been reported in studies con-
ducted by Lenhart et al. (2011) and Madden et al. (2013).

Hypothesis 5 explored the role of age by testing whether “Individuals who had a social media
profile before the age of 16 are more likely to have had a negative experience than those who
opened their first profile after age 16.” This is an area that has received limited attention in the
literature. As a result of the analyses conducted, hypothesis five was not affirmed, which is incon-
sistent with such findings as those reported by Retrovo (2010) which found that when age was
specifically examined respondents under the age of 25 were found more likely to have regretful
posts than their over 25 counterparts. As a result, of the limited focus on this topic in the literature
as well as the inconsistent findings across reports, more research into this particular topic is need-
ed.
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Hypothesis 6 examined the efficacy of an awareness program by testing “A targeted program can
increase awareness of SNS safety.” This is an area which has received very little focus in the lit-
erature As a result of the data analyzed, hypothesis 6 was affirmed with results consistent with
what has been reported by Vanderhoven et al. (2013)

Limitations

The most significant limitation of this study is that it focused solely on business students attend-

ing a single small-sized U.S. public minority-serving university. In order to remedy the shortfalls
inherent in this research, the researcher is looking to replicate this study at additional institutions
of higher education.

Conclusion

Social media is making Marshall McCluhan’s image of a global village (McCluhan, 1964) be-
come a reality as the social software movement promotes virtual spaces which emerge as zones
for information-sharing, collaboration, exploration, and community formation and extension
(Branch, 2006). Social networking tools are engendering a redefinition of our concepts of com-
munity (Thomas, 2007). They are expanding the diffusion of new ideas and are serving as mech-
anisms for change agents and opinion leaders (Smith, 2009). If we take a technologically deter-
ministic approach, social networking will continue to shape society and culture by permanently
altering concepts of privacy, information exchange, friendship, self-expression, teaching and
learning, and public discourse.

The pervasiveness of mobile technologies, combined with the ease of access to multiple commu-
nication networks, have globalized communication exchanges in a way that is unprecedented.
Compelled to receive constant information updates from their ever expanding peer networks, the
average person has been transformed to a hyper-connected habitué of social media (Buzzetto-
More, 2012b). Permanently tethered to their electronic devices they traverse the social media
landscape seeking engagement and enlightenment all the while sharing virtually all aspects of
their daily lives with personal disclosure no longer governed by traditional privacy norms. Ac-
cording to the survey results presented in this paper, young adults practice risky social network-
ing site (SNS) behaviors with most having experienced at least one negative consequence. Fur-
ther, females were more likely than males to engage in oversharing as well as to have experienced
negative consequences. Finally, results of a post-treatment survey found that a targeted program
that includes flyers, posters, YouTube videos, handouts, and in-class information sessions con-
ducted at a Mid-Atlantic HBCU increased student awareness of the dangers of social media as
well as positively influenced students to practice more prudent online behaviors.

The results of this study provide further evidence regarding the pitfalls and perils faced by to-
day’s Net-generation of students with respect to the use of social networking services. Additional-
ly, this paper illustrates the efficacy of a social media safety and awareness program initiated with
undergraduate learners. It is advised that additional universities consider adopting similar curricu-
la and further exploration into effective methodological practices and approaches to delivering
such programs be encouraged.
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Abstract

This study attempts to present the variety of possible uses for iPads, in the learning process. The
objective is to evaluate a unique implementation model that was tried out at a teacher training
college in Israel. The methodology is based on a qualitative research paradigm. The findings
show that students’ use the iPads in various contexts: (a) for ongoing personal use; (b) for plan-
ning lessons; (c) for active integration in the classroom; and (d) for reading and developing con-
tent and games. These findings are summarized in a chart that shows the different uses as levels
in a hierarchical taxonomy. Analysis of the iPad’s pedagogical uses may shed light on the various
skills students need to acquire in order to become teachers in 21st century. In addition, under-
standing the various iPad uses and their frequency can affect decision-making at the level of poli-
cy in the field of implementation of the use of mobile technologies in educational institutions.

Keywords: iPads in education, integrating tablets in classroom, iPads in Teacher Training, Tax-
onomy

Introduction

The growing use of mobile technologies presents new challenges in the field of teacher training
and classroom instruction. Mobile technologies include smart phones, laptop computers, electron-
ic reading devices, and tablets — all of which are easy to carry and connect to the internet.

A review of literature indicates that the field of mobile learning encompasses a variety of terms,
each of which reflects a different perspective. These terms include m-learning, mobile learning,
ubiquitous learning, and handheld learning.

The review of literature shows that mobile learning has yet to be defined unequivocally. One of
the accepted definitions is “any type of learning that takes place in learning environments and
spaces that take account of the mobility of technology, mobility of learners, and mobility of learn-
ing” (El-Hussein & Cronje, 2010, p. 20). Other researchers address the different uses of mobile
technology, such as support for the
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enable a wide range of learning methods. Rossing, Miller, Cecil, and Stamper (2012) define mo-
bile learning as the most effective use of digital and wireless technology in empowering the learn-
ing.

In summary, the distinguishing factor between mobile learning and other learning methods sup-
ported by technology, including e-learning, lies in the way that learning experience is mediated
and enabled (Peters, 2009). The learning process takes place in a situational context and is affect-
ed by the interaction between the learner and the technology used individualy or/and in coopera-
tion with others (Melhuish & Falloon, 2010).

Mobile Device Types

A wide range of devices are classified as mobile technology, with the term mobile reflecting the
ability to move from place to place, or from situation to situation. Mobile technologies can be
classified on a continuum from regular or static use to the full range between personal use to col-
laborative use (Naismith, Sharples, Vavoula, & Lonsdale, 2004).

The first group of technologies is characterized by mobility and personal use. These are the most
common technologies such as mobile phones, PDAs, tablets, and laptops. These technologies also
include hand-held video game consoles, the use of which has been reported in the context of
learning (Lee, Luchini, Michael, Norris, & Soloway, 2004; Rosas et al., 2003). Because these
technologies are usually for a single user, they are perceived as personal devices. The online na-
ture of these devices allows communication and information sharing. Thus, while the devices
themselves are personal, it is easy to share the information and content they contain. In addition,
these devices are classified as mobile because you can move them from place to place, and be-
cause they are available for use in different locations (Naismith et al., 2004).

A second group of technologies is characterized by less mobility, but still enabling personal inter-
action, for example, the various remote control devices (like Clickers) handed out to students for
the completion of multiple choice tasks and questionnaires.

A third group of technologies enables greater interaction, but less mobility. This group includes
smart boards and video conferencing capabilities. It should be noted that these technologies are
viewed as static in principle, thus they do not comply with the accepted definition of mobile tech-
nology. However, this classification is important to an understanding of the catalog of technolo-
gies presented above (Naismith et al., 2004.).

A fourth group of technologies enables the sharing of information and availability in different
places. At the same time, the technologies themselves are not necessarily mobile. For example,
they can be computer work stations in the work place, interactive displays in museums, and other
facilities where the devices provide access to knowledge and its dissemination. In these cases, the
technology is not itself mobile; it is the learner that is in movement. Larger screens enable simul-
taneous use by multiple users (Naismith et al., 2004.).

Potential of Mobile Technologies

Mobile technology offers several advantages in the educational context (The separation is for
emphasis, but there is a close link and mutual influence):

Access to learning anywhere, anytime, without the need for extra resources — In today’s
schools, a transition is taking place from computer laboratories to the use of laptop computers and
other hand-held devices (Johnson, Levine, Smith, & Stone, 2010). The relatively small size and
weight of mobile technologies make them easy to transport from place to place — a clear ad-
vantage. An added advantage lies in the ability to use this “invisible” technology in the learning
process and its potential for facilitating interaction and collaboration between the learners.
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The smart phone is indeed the most convenient technology for mobility and creating asynchro-
nous communication between learners, but the tablet offers added value due to the relatively low
cost of computing power offered. It seems that learners are more comfortable using a tablet when
working in groups than using a laptop or smart phone, mostly due to the larger screen size and
case of transfer from hand to hand (Melhuish & Falloon, 2010). Moreover, the mobility of the
tablet allows learners to take it outside of the classroom, for “field work™, such as transferring
electronic documents and books, recording observations, accessing information sources, and
more (Johnson et al., 2010). These characteristics contribute to the tablet’s ability to offer learners
greater convenience and availability than other mobile devices (Melhuish & Falloon, 2010).

Learning that has an environmental impact — The potential of mobile learning lies not only in
the technological advantages listed above. This type of learning has an impact on the values of
the physical and virtual environment. It can be more situational, personal, collaborative, or life-
long (Naismith et al., 2004).

Informal learning enables constructivist teaching — The use of a tablet allows informal learn-
ing suitable to the learner’s existing knowledge and frame of reference. These characteristics
might enable the advancement of constructivist methods in education, in the framework of which
teachers function as facilitators (Mouza, 2008). This way, you can learn within the situational
context through ongoing dialogs with colleagues, in support of the social constructivist learning
approach — an approach that we encourage in teacher training with the goal of seeing it imple-
mented both in classrooms where student-teachers gain practical experience, and with their pupils
in the future. The construction of knowledge takes place through collaboration. The learner’s ex-
tensive autonomy will enhance the learner’s meta-cognitive abilities and make it possible to con-
sider complex and authentic problems in the practice environment in real time (Herrington, Man-
tei, Herrington, Olney & Ferry, 2008). Mobile technology enables learners to share and create
knowledge, and become acquainted with a wide variety of content and persons anywhere and an-
ytime (Dew, 2010).

Development of interpersonal and social ties — Different mobile applications enable the learner
to create, share, and connect with others within the context of authentic learning and to participate
in online learning communities. This can be done, for example, over wireless networks or using
Bluetooth technologies, though these require infrastructure and technical support. An effective
mobile learning environment requires a robust institutional infrastructure, which will expand the
range of relevant resources and provide the necessary technological and financial support
(Melhuish & Falloon, 2010).

Personal, individual learning experience — The tablet is a device that is used by a single user,
although a tablet can be shared between users or used for collaboration. The learner can choose
which applications to use and adapt them to meet their needs and goals.

Support for the development of visual and textual literacy — The tablet enables learners to
take a photograph and immediately upload it to the Internet, edit videos easily, and use applica-
tions that teach languages, math, problem-solving and strategy games, drawing tools, as well as
learning aids such as spoken texts (Kelly & Schrape, 2010; Valentino, 2010). These endless pos-
sibilities make the tablet a powerful tool for teachers and learners alike.

However, as with any technology, the use of mobile technology in learning is not without its limi-
tations. There are technological limitations, for example, the relatively small screen size, which
might not suit all learners. There are also issues related to lapses in internet connectivity (Alexan-
der, 2004), limited memory size, and the need to frequently recharge the battery (Georgiev,
Georgieva, & Smrikarov, 2004). There are also obstacles related to socio-economic factors, for
example, the fact that not all learners are able to purchase the device. Nonetheless, in my opinion,
the more pointed questions related to the use of mobile device center around its educational and
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pedagogical contribution to learning, and the relationship between educational processes and the
technological environment.

Teachers who employ technology need to be aware of its advantages and disadvantages, and be
proficient in its use. This is to mediate its use for the learners and make the learning process as
effective as possible (Melhuish & Falloon, 2010).

Models for Tablet Use in Education

There are those who maintain that learning in itself does not change, it is only the mode of learn-
ing that changes. In this respect, tablets are a mean for advancing empowerment processes. This
approach is reflected in the 3-E education model — Enabling, Engaging and Empowering
(SpeakUp 2010, 2011, p. 3). According to this model, teachers need to recognize that learning has
to enable learners to reach their potential though increased access to information sources; engage
learners in a rich and challenging educational experience, that will develop their knowledge and
skills, especially through problem solving, creativity, and critical thinking; and empower learners
to take responsibility for the learning process, to explore knowledge and their own creativity, and
create live long learners (SpeakUp 2010, 2011, p. 3).

A different model for the use of mobile learning integrates number components, including, first
and foremost, the learner and the teacher-facilitator. Technology enables educators to design and
develop interactive learning activities. When presented with these activities, the learner can take
full advantage of the tool and use it to explore the available knowledge (Monahan, McArdle &
Bertolotto, 2008; Price & Rogers, 2004). For example, the learner can access information anytime
and anywhere, without extra effort. Because you can document the mobile learning process, the
teacher-facilitator can gather information from the technology used by the learner. The facilitator
can guide the learner to additional sources of information as needed, and present learning materi-
als appropriate to the learner’s current stage in the learning process. The learner receives feed-
back during the process, enabling individualized study and optimal adaptation to the learner’s
needs. The role of the facilitator is to monitor the needs of the learner and provide the necessary
support (Jeng, Wu, Huang, Tan, & Yang, 2010).

The improvement of learning processes is also a component of the mobile learning model. This
can be accomplished using various tools such as a blog that features informative articles that help
advance the learning process. Blogs can be used to collect data and information, and as a platform
for shared learning (Wang, Huang, Jeng, & Wang, 2008). In addition, you can enhance the learn-
ing process through the development of applications designed to support learners and which serve
as a kind of coach or support to help the learner through the process, with their presence gradually
reduced as they become less necessary (G. D. Chen, Chang, & Wang, 2008; Y. S. Chen, Kao, &
Sheu, 2003).

Another component of the mobile learning model is the situation-based learning environment.
For example, you can use the functions of sensors that are found in mobile technology to locate
and identify factors in the learning environment. You can create a simulated environment for the
learner and allow him to practice under conditions that are closest to the real situation (Yang,
20006).

The last component in the model is the development of virtual group awareness and strategies.
Various studies describe the benefits of using mobile technologies as a group (Zurita et al., 2005).
The group dynamic methodology can be applied to learning activities that require cooperation.
Virtual group membership might strengthen the learner’s involvement in the material studied.

Other researchers focus on the unique potential of tablet devices that might be developed in spe-
cific fields. Eagleton and Dobler (2007) examined how the use of tablet devices impacts on teach-
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ing and learning in the context of reading. In their opinion, the use of digital books creates an op-
portunity for the development of literacy. Digital books are available on tablets and offer ad-
vantages in that they allow the readers to interact with the text and at the same time manipulate it
based on their needs. In this way, the reading experience becomes individual, interactive and in-
volved (Larson, 2010). In addition, the tablet includes apps that are free or relatively inexpensive
and which promote reading skills such as reading, taking notes and commenting on the text, add-
ing images and symbols, graphic organization of text, and even sharing text and working on it
together with a colleague (Hutchison, Beschorner, & Schmidt-Crawford, 2012).

Tablets in the Israeli Educational System

Recognizing the power of learning using tablet devices, tablets have been purchased in schools in
Israel and around the world. There are abundant examples; however, the author will relate in par-
ticular to innovative initiatives for tablet integration in education in Israel, because the range of
available Hebrew educational applications is relatively limited.

One of the most innovative initiatives was implemented by the AMIT Educational Network.
AMIT integrates learning with tablets using a newly developed Israeli technology platform called
AURA. AURA is designed to enable learners and teachers to conduct ongoing private dialogues,
and it has been adapted to the pedagogical approach in the schools. Since the introduction of tab-
lets, it has been found that teachers spend less time in class on each topic because the pupils have
used the tablet to practice/review the material in advance. This makes it possible to maintain the
social heterogeneity of the class, without holding back stronger students because of their weaker
classmates.

Another educational network, AMAL, initiated a wide-scale pilot project for the use of iPads in
technological studies (new media, Mechatronics). In addition, in one high school that was fully
equipped with iPads, the tablets were used for project-based learning (PBL). AMAL also devel-
oped a unique curricula for the study of Augmented Reality technology, which enables the inter-
active integration of virtual elements in the real environment, in real-time.

One of the most impressive projects uses iPads for place based learning. The project is a digital
tourism project based on augmented reality, in which teenagers have developed a tourist route at
the ‘Sarona’ Tel Aviv compound, containing historic buildings that have been renovated and has
recently become a leisure and entertainment complex with a rich heritage. The pupils were divid-
ed into working groups, each of which built several stations located on the route. They studied
and interviewed key personnel for the production of historical videos to illustrate the route. Ac-
cessibility was a main concern in the creation of the route. It was examined in collaboration with
special education pupils from a nearby school. QR code landmarks were placed on the trail, so
that each visitor can inspect the route through an application, get the relevant information and
follow the leads. The project serves as a contribution to the community and as a public service.

There are also localized initiatives for the integration of tablets in elementary schools throughout
Israel: Three elementary schools in Pardes Hanna-Karkur switched from printed books to digital
books during the last year (2014-2015). This project is part of the national program “Adapting the
education system to the 21st century,” which brings together all of the community’s elementary
schools, with the support of the local council, to invest in the infrastructure necessary for the pro-
gram’s implementation — a projector in each classroom, internet connectivity, and laptops for
teachers. These schools will no longer have only print versions of the textbooks; digital versions
will become available as well. At the first stage, language, science, geography, social studies, and
some of the math books were converted into digital format. Later on, all of the text books were
converted to this format.
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Bat-Yam municipality also decided to provide all seventh graders with iPad devices, with the par-
ticipation of parents. These will replace traditional textbooks. Since the socio-economic level of
this city is not high, parents protested regarding the heavy financial costs imposed on them. Stud-
ies on the educational value of this project have yet to be presented.

One of the most promising areas in which the use of tablets is particularly prevalent is in special
education frameworks in Israel. The Ministry of Education initiated special projects where entire
classes of learners with special needs and their teachers use iPads in the learning process. Some
of these initiatives have been accompanied by research; it appears that the effectiveness of the use
of iPads among learners with communication-related disabilities is particularly high.

Technology in Teacher Education Programs

Vast resources are invested in the implementation of tablets and in training teachers on their intel-
ligent use in the learning process in the schools. Implementation is carried out on various levels,
ranging from the technical level — usually there is a technical support system for the municipality
or the supervisory body — to the didactic level — with national computerization facilitators regular-
ly visiting the schools to guide the teachers in the integration of the new technology. Researchers
from academia also volunteer to help in the implementation process and advise school principals
regarding educational pedagogical processes and the like. Nonetheless, these assimilation pro-
cesses do not guarantee the success of these initiatives to integrate the tablet. There are studies
that indicate that, despite the dedicated work of teachers, there is no relationship between the new
media and the teaching and learning methods. The integration of mobile devices has not brought
with it a corresponding change in teaching methods and didactic operating strategies. Teaching
remains traditional. Another reason for the lack of success of such initiatives is that teachers are
not always given the freedom of operation needed to create linkage between the curriculum and
the learning spaces adapted to integrate this technology (Shamir-Inbal & Blau, 2013).

Studies show that intervention should be based on training that helps teachers to acquire compe-
tency in the technological tools, as well as experience in applying new pedagogical ideas in order
to understand the relationship between pedagogy and technology (Eyal, 2012; Fishman, Best,
Marx, & Tal, 2001). Therefore, to prepare future teachers for a better start in their first year of
teaching, especially in those schools equipped with the technology, there is room to consider the
implementation of tablets in the teacher training process, similar to the implementation of com-
puterized communication processes in colleges of education in the context of stationary and lap-
top computers, Although technology courses have not been prioritized in teacher preparation pro-
grams, Betrus’ (2012) study noted that the number of institutions offering an introductory tech-
nology course for teacher education students decreased from 80% in 2000 to 64% in 2010. The
same study also noted that while more than half of the topics taught had changed over the ten year
period, the emphasis remained on office applications rather than emerging technology.

Studies indicate that the mastery of different technology skills is not a function of age, instead
differences are related to experience with technology (Eshet-Alkalai & Chajut, 2010).

For instance, a case study at University of Southampton Management School (Morrison, 2014)
assessed the staff and student perspectives trying embedding the iPad as learning and teaching
tool. Staff and students on the Master of Business Administration (MBA) program were provided
with an iPad at the beginning of the 2013-2014 academic year. The results of initial research indi-
cate that while the overall reaction was positive, acknowledging the benefits of ‘new’ technology
or different ways of teaching and learning, there are also barriers to uptake or use. Students used
the iPads quite extensively in the first week and indicated that they had underestimated the poten-
tial of the iPad as a learning tool. Staff also explicitly stated that they saw considerable potential

72



Eyal

in iPad use in their teaching and were happy to trial new technology. There was a clear preference
for more support in their use, even from experienced technology users.

A relevant study at the Pennsylvania State University in USA by Tohill (2014) examined pre-
service teachers’ experiences with iPads during their student teaching experiences and supported
previous research studies that suggest technology education must be an integral part of teacher
preparation programs in an effort to improve teaching and learning with modern digital tools.
Teacher preparation programs must continue to encourage pre-service teachers to innovate and
explore with technology in ways that support both personal and professional development and
that improve learning experiences for students.

The Research

The research under discussion studied a pilot program at an Israeli teacher training college, in the
framework of which tablet devices were loaned to the students. The subjects were 18 students
from the pilot group who were studying in the college’s honors program in a variety of specializa-
tions, for example, special education, early childhood education, mathematics instruction, English
instruction, science instruction, and so on. The students in the honors program have relatively
high levels of academic achievement, and approximately a third of their curriculum is unique and
customized. The students received the tablets in their first year studies (except two who were in
their second year), and the tables were in their possession for two years.

Unlike an existing implementation sample of this pilot, this study examines the ways students’
use the tablets based on an implementation model that does not include training, pedagogical
guidance, or support from an ICT faculty expert. The students were given the freedom to use the
devices as they saw fit. They were given the possibility of consulting with an expert on the inte-
gration of advanced technologies in education, on both the technical and pedagogical levels.
Some students also enrolled in elective courses that address the integration of technology in edu-
cation.

The objective of this study was to examine and characterize students’ use of tablets on two levels:
1) the general and personal level; 2) as a pedagogical device in the classrooms, in order to evalu-
ate the success of the implementation model where the extent of intervention is particularly low.

Research Questions
The research questions were:

A. How do education students use the iPads?

B. What pedagogical uses of the iPads did the education students implement to advance the
learning process?

C. What model can be proposed for using iPads based on the students’ uses (both personal and
pedagogical)?

Research Method

The study was conducted based on a qualitative research paradigm based on the approach of the
construction of a grounded theory. This genre of research focuses on the study of a phenomenon
from the perspective of the informants, while the accompaniment of a theoretical analysis based
on the interpretation and comparison of literature and analysis with existing theories (Charmaz,
2000).

Data were collected from a variety of research tools and were cross-referenced (triangulation).
The research tools included semi-structured personal and group interviews, online questionnaires
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in Google docs, students’ reflective performance reports, lesson plans, observations of practical
experience at schools, and documentation of discourse on social media.

The unit of analysis was a statement (e.g., from a reflective performance report or social network)
or a description (e.g., from a questionnaire or a record of observation) indicating use of the iPad.
Each unit of analysis was coded and received a representative name (primary categories), reflect-
ing the students’ prominent uses of the device the subjects’ language (emic). The data was then
sorted accordingly (the axial and directed coding phase). After determining the first primary cate-
gories, the units were then organized into secondary and tertiary categories, and the category
names were updated based on existing literature, creating a hierarchy of categories. The number
of units in each category was counted to gain a sense of the frequency of each type of device use.

The resulting model was consolidated by linking the findings and the theoretical literature about
the pedagogical uses of iPad devices, and this enabled broader conclusions to be drawn, which
are presented in a graphical model.

Findings
A. How do education students use the iPads?

The findings reflected the following division:

e 63% of the students made extensive use of the iPad
e 27% of the students made very little use of the device, and at the end of the semester they
were asked to return it. The devices returned were then loaned to different students.

The reasons that students cited for making minimal use of the device included the following: in-
adequate technological literacy; they did not see its value in classroom teaching; or many of the
same applications are found on their smart phones, making the use of the iPad redundant.

The findings show that the students’ primary uses for the iPad were (a) for ongoing personal use,
(b) for planning lessons, (¢) for active integration in the classroom, and (d) for creating and de-
veloping content and games.

Ongoing personal needs

Students incorporated the iPad in their day-to-day routine at home or at college, for both personal
and academic purposes. Common uses included calendar and schedule management, reminders,
photography, drawing, scanning materials, documentation, recording, and getting information
from newspaper articles and books.

“As a student who spends most of my time at the college, doing my practicum, at work,
or on the road, the iPad helps me in my daily routine. I use it as a notebook, film activi-
ties that I implement (one of its best things for me), read articles, and write papers. The
iPad helps me be more efficient and meet deadlines in the busy life I currently lead.”
(From the online questionnaire)

In this respect, students claim that the device is comfortable to use and easy to carry, therefore it
can be taken anywhere, making it possible to take advantage of free time.

In addition, it is commonly used for recording college lectures, taking notes lists and summariz-
ing lessons:

“I have an app that creates a kind of notebook for each lesson, even the notes I take are
sorted according to subject.”

74



Eyal

Although the students mentioned that the iPad is not a particularly comfortable tool for editing
complex documents, some students indicated they use it for writing drafts, making use of differ-
ent applications that allow the editing of texts. Students also noted that the device saves them on
printing and photography costs, because they use it to photocopy articles and academic infor-
mation items.

Planning and instructional design

The second category of iPad use includes self-learning related to the student’s specialization, lo-
cating information, and reading relevant academic articles and books. In addition, as part of their
studies at the teacher’s college, students gain practical experience as student-teachers in schools
and kindergartens. As part of the learning strategy, students are required to document themselves
teaching in the classroom. Use of the iPad enables the students to view the recording multiple
times, reflect on the their teaching encounters in the classroom or kindergarten, draw conclusions
regarding their performance for the purpose of better planning, revising, and improving their
teaching in the future.

The use of the iPads by students also created a ripple effect, impacting on how the pedagogic
counsellors monitor and guide the students in the practicum. One of the teachers asked students to
video record the lessons given in class and then to describe their experience to their classmates,
instead of the traditionally submitted written reports. Most students said that they used the iPad in
the lessons planning process, especially when they are traveling. In addition, students used the
device to locate applications and unique materials for teaching specific subject matter and to find
ideas on how to implement those materials in the classroom.

B. What Pedagogical Uses of the iPads did the Education
Students Implement to Advance the Learning Process?

As part of the practicum, students integrated the tablet into the teaching and learning process in a
variety of ways. Observations and lesson plans show that the main uses identified are the follow-
ing.

1) Enhancement of frontal teaching

By connecting the iPad to a projector, students used the device to display presentations, website,
or games).

For example: Figure 1 shows a simulation of the microscopy separation principle (i.e., how the
microscope works). The tablet captures the skin and gives a sense of how it zooms in, demon-
strating the difference between the magnified size and the regular size, and the microscopes role
in separating objects.
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Objective Eyepiece

Figure 1. Screenshots of an application simulating a microscope

Pupils in the classroom were shown the microscope simulation and its parts were explained. Ac-
cording to a student specializing in science instruction, the added value of the application lay in
solving the problem of excess stimuli that occurs when microscopes are placed on the pupils’
desks. The application demonstrated the principle of separation in a clear and interesting way,
providing an authentic sense of true magnification. The demonstration was accompanied by a
theoretical explanation, given by the teacher, and provided the linkage to reality. In this context,
the use of the tablet is more effective than a presentation or a teacher’s hands-on demonstration of
the microscope, when not all 35 pupils are able to use it. In addition, pupils used their mobile
phones to photograph what they saw under the microscope (as observed by teacher Y.)

2) Teaching in groups
Another example is that of students in the early children education program, who used the tablet
in the kindergartens. The necessary technologies for presenting computerized visual content are
not always available. Future kindergarten teachers indicated that they used the device primarily to
show clips to young children, followed by a discussion of what they saw. The clips were selected
based on the subjects being taught in the kindergartens.

3) Active learning — Integration of dedicated applications

Lessons that integrated applications dedicated to the students’ area of specialization, where the
learners use the device as individuals or in groups. The integration was implemented in one of
two ways: free use of an application that focused on a subject or skills, without guidance from the
teacher; or by assigning defined tasks to the learners.

For example, Figure 2 shows the use of an application in the framework of English instruction.
The application enables the learner to highlight text, cut it, and copy it.
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Figure 2. Working with Texts: (A) Highlighting text, enlarging select areas, and adding hand-
written comments; (B) Cutting and moving text; (C) Editing text, copying words

The application enables the learner to highlight text, cut it, and copy it. In addition, the Google
translate application was used.

The pupils worked in groups of three, and each group was given a different sentence. First, the
pupils needed to arrange the sentences in logical chronological order (A). Then they cut and
moved the sentence (B). When the first team finished, they were given an additional task — to
copy all the verbs (C). They copied the text to a new page, where they processed and analyzed the
verbs (translating, highlighting tense indicators, and so on).

The student teaching English in the class describes the added value of using the table in this activ-
ity:
The activity created interest and motivated the pupils, time was saved (no need to copy
words, cut pages, etc.), it was possible to focus on and analyze the original texts, high-
lighting words it contained, and assigning additional tasks that would not be feasible on
paper (because of the ease in copying and duplicating text). (B. reflective diary, Oct 15,
2012)

Students used specialized applications for teaching math, writing, and drawing as part of the
group tasks. They also used gaming applications, for example, an application that simulates an
aquarium where you see the movement of the water.

Students indicated that they created databases of applications and users on a dedicated social net-
work set up for the sharing of tools that they had tried out and found successful. They also noted
that in many instances they used the device as an education tool beyond the content-based educa-
tional objectives. For example, one of the science student-teachers who was teaching about the
states of matter asked the pupils to draw gas particles. After the drawing was photographed using
the tablet, it was projected on to a screen, for the entire class to discuss. In this way, she strength-
ened students’ self-confidence and belief in their own capabilities:

Games on the iPad are also served as a tool for reinforcement (children are eager to play
with the device) and as a means of learning — with my choice of games for their use based
on their overall and educational quality. In the special kindergarten, the children particu-
larly like the game Awesome Eats — which combines fine motor skills with an under-
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standing of the process of a healthy diet of fruits and vegetables. In a great game for nam-
ing, matching and sequencing skills, SpeakApp (the version that you can buy), children
can record themselves and create new events. (D. reflective diary, Jan 23, 2012)

In one of the lessons that the author observed, the student-teacher planned activities for teaching
English using the tablet in a group of four students. During the activity there were many disrup-
tions, the students fought over the device, shouted and treated one another disrespectfully. The
student-teacher threatened to take away the device and the next time to invite another group to
work. In a feedback conversation, the student-teacher realized that the she needed to determine
explicit rules and norms of behavior. She set a goal to establish a relationship of mutual respect
between pupils in subsequent lessons. Through her experience in using the device in the class, the
student learned some of the skills necessary to for optimal classroom management.

4) Media stimuli or media support

A special education student-teacher indicated that the device has important advantages in the area
of media support. In one of the lessons the author observed, the tablet helped a learning disabled
pupil who was integrated into a mainstream classroom to express her feelings and take an active
part in the language lesson.

The pupil used the tablet to express her joy and excitement at being part of an integrated class-
room and displayed a smiley to all of her friends (from observation of A.’s lesson on Nov 12,
2012). While younger students learned about different animals, the student-teacher helped the
pupil to find a picture of a chicken. She learned to write the word with help from the student-
teacher, who guided her finger through the process. She moved among her classmates, proudly
pointing out the picture and the caption above it. She moved among the tables and received rein-
forcement from her classmates.

Other special education pupils used the table to create cards that express emotions (not at all like
the traditional cards). The tablet expanded the pupils’ communication options, assisted by the
student-teachers who worked with them.

In her reflective report, one student wrote:

I also use the application ‘ShowMe’ to edit and paste photos. I have already taken lots of
pictures during lessons. It ties the girl to the language aspect of the words because fine
motor skills are problematic. Now the motor skills are less of a problem, before the iPad
there was nothing she could do when the class worked on the questions and wrote with a
pencil. As soon as she felt that she herself can write the name with the picture, she also
participates in the lesson. With mental retardation illustration is important. The picture in
the book was a drawing of a chicken, and it was important to show her a real chicken to
link it to reality. The iPad empowers the pupil and raises her to a higher level. It also
strengthens her social ties with her classmates. (G. reflective diary, Apr 20, 2012)

5) Motivational tools

According to students’ reports, the tablet also serves as a means of motivation and strengthens
communication between them and their students. For example, one student reported that in order
to increase learning motivation, she promised a pupil that she could choose a game on the device,
and that she would play it with after he completed the assigned task. Students used it for activities
that the pupils like to participate in, and they utilize them in the learning process. Another exam-
ple is taking pictures of the children at play and during creative activities. They noted that this use
often serves as form of positive reinforcement to promote creativity. The children love to take
pictures and be photographed, including while putting on plays/drama presentations.
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C. What Model Can Be Proposed for using iPads Based on the
Students’ Uses (Both Personal and Pedagogical)?

6) Creating and developing content and games

Although this use of the tablet could be included in the category of integration of the tablet in the
active learning, the author chose to treat it as a separate category to emphasize the difference be-
tween using existing applications (closed or open), and the development and creation processes,
for which not all students have the necessary capabilities or interest. This category refers to the
development of games using dedicated platforms that enable the teacher to insert the relevant
content matter into some genre of games. A limited number of students participating in the study
developed tutorial or other educational and social games for use outside the classroom.

For example, students specializing in early childhood education developed games to use in their
practicums in the kindergarten. The students used the ‘TinyTap’ platform to create these games.
The game they developed allowed them to take a personalized approach, to adapt the learning
content to individual educational programs, to adapt the level of the game to the cognitive skills
of the learner, and to provide appropriate reinforcement according to the emotional and learning
needs of the child, all through the use of an attractive and stimulating visual display, as shown in
Figure 3.

Figure 3. Screenshot from a game for preschool children developed by students

In their reflective reports, students indicated that the children enjoyed using the tablets during the
session; it captured their attention, they were excited by the immediate stimuli and the immediate
reactions they aroused in them. In individual learning, where the objective was to teach didactic
content, especially when working with special needs children, it is highly advisable to approach
the material in an experiential way that helps the learner concentrate and take an active part in the
learning.

Another student used the games as a platform for creating games as an activity in and of itself, for
example in the teaching of English. She presented an overview of the platform and gave the pu-
pils an opportunity to create a game based on new and difficult vocabulary that they had not pre-
viously encountered in the text. The pupils prepared games in groups, which were then played by
their peers from other groups.
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Discussion and Conclusions

A review of the findings about the students’ uses of the tablet in various contexts shows that they
are similar to findings of other researchers; the students took advantage of the device’s inherent
range of possibilities and technological opportunities: mobility — access to information and learn-
ing anywhere and anytime, time management and organization of information, photography and
editing options, and integration of applications in the study of various subjects (Dew, 2010; John-
son et al., 2010; Kelly & Schrape, 2010; Melhuish & Falloon, 2010; Valentino, 2010).

In addition, students integrated the use of the device in the teaching and learning processes in
classrooms, in working in groups, while promoting constructivist learning methods, while the
learners gain experience, research and read information, watch simulations and discover the pat-
terns in the course of the game and dialogue with their peers. This finding corresponds to the
viewpoints of other researchers who treated the tablet as a tool that enables learners to be engaged
in challenging, creative, and collaborative experiential learning (Herrington et al., 2008; Mouza,
2008).

There was a change not only in the quality of teaching in the classroom, but also in the students’
outlook on their future professional development. The development of learning materials in the
form of computerized games is not a routine activity for teachers. For the most part, it is time
consuming, and requires high level planning and thinking, and design skills. When the students
developed the material, they each brought their own unique talents — academic and professional —
to a high level of expression; they had a better understanding of the material being studied, great-
er preparedness for the teaching process, and greater satisfaction. The empowerment of learners
was especially reflected when students used the tablet as a means for improving and supporting
communication with students.

Observations of the education students in the classroom showed that the students most often used
the tablet in the context of more traditional teaching, based on the frontal transfer of knowledge.
At the same time, in lessons where the tablets were placed in the pupils’ hands, the students
demonstrated guidance strategies, providing support for the learners, and engaging the learners in
collaborative learning and dialogue. The very presence of the device in the learners’ hands creat-
ed a change in the students’ perception of their role as teachers. They planned their lessons in ad-
vance, acting as mentors and coaches in their implementation. This finding is also supported by
other studies (G. D. Chen et al., 2008; Y. S. Chen et al., 2003; Jeng, Wu, Huang, Tan, & Yang,
2010).

In the unique implementation model tested in this study, students did not receive pedagogical
support for planning and implementing lessons using the device. Still, it seemed that the more
they experienced they gained in school with the device, the more sophisticated and creative the
lessons they developed became, to the point where they created open use of creative learning ma-
terials, simulation, and games. The user friendliness of the device and its intuitive interface re-
quire almost no special training.

This finding is consistent with the findings of the researchers who suggest a link between the du-
ration of experience and the degree of control of the device (Eshet-Alkalai & Chajut, 2010).

However, this finding contradicts the findings of other studies that maintain that there is need for
a training program to acquire the technology skills for establishing and implementing innovative

pedagogy.

Either way, the findings of this study can’t be generalized, due to the fact that there is no data on
those students in this research population who chose to return the device. In addition, the group of
students was relatively small, with unique characteristics (students at excellence program). It is
important to emphasize that in order to develop the students’ understanding of the innovative
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pedagogies, which they acquire as they gain experience, and their ability to engage in reflective
thought, the role of the reflective dialog between the pedagogical coach, the teacher-facilitator,
and the student-teacher is important. In this study, reflective thinking was made possible through
interviews and reports submitted as part of the study. Some of the dialogue could take place on a
social network, such as the one established for that purpose in this study. Social networks provide
opportunities for open, accessible, and dynamic discussion, creating interaction between students
at different points in the experience for the exchange of knowledge and opinions, and sharing ap-
plications reading materials.

Linking between the findings of this study and the findings of the theoretical literature on the
pedagogical uses of iPad devices made it possible to formulate a model (Research Question 3)
based on the principles shown in Figure 4. Figure 4 presents the overall uses of the iPad, as re-
flected both in the literature and in this study.

+ Games
t + Peformance tasks

* Content presentation
* Learners use of dedicated applications

* Independent learning
Planning for instruction + Locating disciplinary materials
+ Cooperating with colleagues

* Organaizing tools

* Managing time

* Finding information
+ Creating documents

Ongoing personal use

Figure 4. Taxonomy of students’ use of the iPad in education

This chart presents the different uses as levels in a hierarchical taxonomy. Taxonomy is a hierar-
chical classification of things or concepts. Each level in the diagram includes the levels below it.
The principle is that the greater the knowledge and experience of students, the more sophisticated
is their use of the device.

The process of acquiring the skills of using iPads in teaching reveals different levels of use. The
first two levels at the bottom of the pyramid represent basic uses: A) Personal Uses: Creating
documents and lists, consuming information, calendar management, summaries of lessons, and
recordings, and B) Instructional Design - including instructional context uses, locating discipli-
nary articles as part of curriculum development, self-learning, and communication with col-
leagues. Two higher levels of integration of iPads in teaching include C) Integration in the class-
room - for the purposes of displaying content up to the level of constructive learning, for exam-
ple, a group of pupils working together and using relevant applications. The highest level, D) De-
velopment, includes games development and planning performance tasks using open platforms.
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This study investigated the diversity of students’ use of the tablet, though the quality of the activi-
ties prepared by the students for tablet use in the classroom has yet to be examined. It is thus rec-
ommended to analyze the lesson plans and activities, as well as the levels of thinking required of
learners in classes where the tablet is integrated.
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Abstract

Teaching object-oriented programming to students in an in-classroom environment demands
well-thought didactic and pedagogical strategies in order to guarantee a good level of apprentice-
ship. To teach it on a completely distance learning environment (e-learning) imposes possibly
other strategies, besides those that the e-learning model of Open University of Portugal dictates.
This article analyses the behavior of the students of the 1st cycle in Computer Science while in-
teracting with the object-oriented programming (OOP) discipline available to them on the Moodle
platform. Through the evaluation of the level of interaction achieved in a group of relevant select-
ed actions by the students, it is possible to identify their relevancy to the success of the program-
ming learning process. Data was extracted from Moodle, numerically analyzed, and, with the use
of some charts, behavior patterns of students were identified. This paper points out potential new
approaches to be considered in e-learning in order to enhance programming learning results, be-
sides confirming a high level of drop-out and a low level of interaction, thus finding no clear cor-
relation between students’ success and the number of online actions (especially in forums), which
reveals a possible failure of the main pillar on which the e-learning model relies.

Keywords: eLearning, student’s behavior, distance learning of programming language.

Introduction

Teaching programming is difficult. Much research from many different perspectives has been
devoted to the topic during the past couple of decades, but there is still no consensus on what is
the most effective way to teach programming (Vihavainen, Paksula, & Luukkainen, 2011). Most
universities are still using a traditional format in the introductory programming courses. The tra-
ditional format consists of lectures, take-
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plexities, including skill development, different learning styles, helping students transition from a
problem statement to algorithmic logic, developing programming code from that logic, debugging
and resolving the program code, to produce a working program that meets the problem require-
ments. This learning process is even more challenging when students are also being introduced to
a new programming language and development interface. Things can become a little bit more
complicated when you have to teach object-oriented programming in a totally e-learning envi-
ronment.

This article analyses the students’ behavior while interacting and using the object oriented pro-
gramming discipline material available on the Moodle platform of the Open University (UADb) of
Portugal, with the undergraduate students of the 1st cycle in the Computer Science degree. The
UAD is a University that operates entirely on a distance learning environment. All teaching and
learning activities were developed online (with an emphasis on asynchronous communication),
and this discipline is taught in the first year of the undergraduate course (second semester). A
relevant problem to be investigated is the cause for the high level of drop-outs and overall failure
in learning. The numerical analysis of the data retrieved from the Moodle actions report helped
the authors to identify some correlations between student’s actions on the platform and their
overall learning performance in the discipline. The goal is to verify if the actions rate per student
(the student’s interaction profile) has some correlation with success or failure.

Despite recent advances of electronic technologies in e-learning, a consolidated evaluation meth-
odology for e-learning applications is not available. Maybe the main cause for this is the com-
plexity that the evaluation of an e-learning environment demands. Many different perspectives
and, thus, dimensions in the analysis process can be considered, such as the quality of learning,
teaching, learning environment, and interaction (Ardito et al., 2006). Each of these dimensions
can be evaluated according to a group of pre-defined and chosen indicators. In the case of interac-
tion, we may consider that the quality of students’ interactions is one of the most relevant indica-
tors of successful learning.

This paper is organized in four main sections. The first will provide a short background of some
relevant studies and work that has been being carried out to understand better the behavior of
users’ interactions in an e-learning environment, which served as an inspiration for this article.
The second section will give a brief description of how the discipline is structured and presented
to the student. The third section will describe the data that was used and the analysis carried out.
The fourth section will list the main findings, followed by a section discussing the results and
proposing some approaches to modify practice.

Background

E-Learning refers to the use of ICT to transform and support the learning process (Kahiigi, Eken-
berg, & Hansson, 2007). E-Learning is defined as the acquisition and use of knowledge which is
distributed and facilitated primarily by electronic means. Such electronic means may include
internet, intranet, extranet, CD-ROM, video tape, DVD, TV, and personal organizers. E-Learning
can be carried out in several ways, which include computer based, asynchronous, and synchro-
nous learning (Loncar, Barrett, & Liu, 2014). This facilitates an environment where the students
take ownership of their learning.

Although modern technologies allow for synchronous communication (such as Skype), the e-
learning model (Pereira, Mendes, Morgado, Amante, & Bidarra, 2007) is based primarily on
asynchronous communication as an aid to learning. Asynchronous learning is a student-centered
teaching method that uses online learning resources to facilitate information sharing outside the
constraints of time and place among a network of people. Asynchronous learning is based on
constructivist theory, a student-centered approach that emphasizes the importance of peer-to-peer
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interactions. This approach combines self-study with asynchronous interactions to promote learn-
ing, and it can be used to facilitate learning in traditional on-campus education, distance educa-
tion, and continuing education (Northey, Bucic, Chylinski, & Govind, 2015). A special emphasis
is given to discussion forums, which aim to promote reflection and knowledge sharing (a higher
level of learning). Other asynchronous approaches may be adopted in the future with the devel-
opment of Web 2.0.

E-learning systems store large amounts of data based on the history of users’ interactions with the
system. These pieces of information are usually used for further course optimization, finding e-
tutors in collaborative learning, analysis of students’ behavior, or for other purposes. The interest
in analyzing this data is gradually increasing within the academic community. The overall pur-
pose is to enhance the learning experience. A research area, referred to recently as learning ana-
lytics, has been created to focus on automatic analysis of educational data (Chatti, Dyckhoff,
Schroeder, & Thiis, 2012).

Slaninova, Kocyan, Martinovic, Drazdilova, and Snéasel (2012) presented the comparison of se-
lected methods of process mining and sequential mining to find the students’ behavioral patterns
performed in the e-learning system. The patterns were visualized by the methods from graph the-
ory. Their obtained patterns and relations between them are presented using complex networks,
such as visualization and pattern clusters extraction optimized by spectral graph partitioning.
They have found that the sequences are order dependent and it is better to respect this fact while
comparing the sequence similarity. Due to this reason, the methods for finding the longest com-
mon subsequence were used.

Hogo (2010) introduces an evaluation methodology for e-learners’ behavior that can feed back to
decision makers in e-learning systems. His work presented the use of different fuzzy clustering
techniques as fuzzy c-means and kernelled fuzzy c-means to find the learners’ categories and
predict their profiles.

Rovai & Barnum (2007) analyzed nineteen on-line graduate courses in order to determine how
perceived learning varies by course and its relationship to active and passive participation by
students in on-line discussions. Study results provided evidence that significant differences exist-
ed by course, suggesting that quality assurance is an issue in Internet-based instruction. Moreo-
ver, female students felt that they learned more than their male counterparts. Only active interac-
tion, operationalized by the number of messages posted by students per week, was a significant
predictor of perceived learning. Passive interaction, analogous to listening to but not participating
in discussions, and operationalized by the number of accesses to the discussion boards of the e-
learning system each week, was found not to be significant.

Sriwardiningsi & Siswono (2014) conducted a survey on 274 e-learning students from Online
Binus University and Indonesia Open University (UT). Ten hypotheses were proposed but only
some hypotheses were recognized as valid. Variables such as motivation, digital literacy, and
satisfaction would affect directly the outcome of understanding of student learning, while the
curriculum material and interaction with the e-learning website did not affect the understanding
of student learning.

Several case-studies are illustrated by Murphy, Walker, and Webb (2013) in their book about the
e-learning experience. They illustrate the key concepts, giving some hints about how the educa-
tors should use technology to motivate learners and encourage productive interaction.

Although these studies focused on analyzing e-learning student’s behavior or the e-learning expe-
rience and practice, none of them actually looked at their behavior in terms of Moodle usage, nor
in the context of a typical programming discipline, or even tried to establish any correlation be-
tween student’s actions and programming learning success. This article focuses on the impact of
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an e-learning environment on the success in learning programming and tries to perceive how
these students explored the content that is made available to them, especially material most rele-
vant to help them acquire object oriented programming skills.

Discipline Content and Organization

The object oriented programming (OOP) discipline being studied here aims at providing students
with fundamental knowledge and practices regarding the principles, main concepts, models, and
main techniques related with computer programming based on the object-oriented paradigm.
Teaching the discipline syllabus uses analysis of the object-oriented programming paradigm,
algorithms, and blocks of code. Different problems are analyzed and provided to be solved using
an object-oriented programming approach. The students are stimulated to design and implement
new tactics or improvements of existing ones. The programming language and environment
adopted in this case are C++ and Eclipse IDE, respectively. The Moodle environment is used to
provide material and provision for communication with peers and tutors.

The syllabus assumes a total workload of 156 hours; including 26 contact hours (this contact is
not face-to-face, but instead asynchronously, preferably via forums or, in extremis, synchronous,
via teleconference). The students’ assessment is done through 2 digital written documents (called
e-folios) during the semester and a classroom assessment (called p-folio) in the end of the semes-
ter. If the student fails to be approved in the p-folio, an extra classroom assessment (called extra
p-folio) can be completed during September. The e-folios contribute 40% to the final grade, while
the p-folio or extra p-folio is 60%. They can also be assessed through a unique classroom exam.
If they fail, they have a last chance of being approved with an appeal exam. The e-folios within
the context of this discipline are C++ projects that are implemented for a given problem scenario.

The Moodle environment provided for the discipline is composed of 7 topics, in which the stu-
dents face an increasing degree of complexity and are asked to execute a learning activity (that
does not compute to the final grade and is not obligatory, called AF). Each topic lasts 2 weeks
(except the first one) and didactic material (with vast examples of codes and relevant links, and
even videos) specially developed for the students, are made available, besides the solution of the
learning activities and e-folios, on the Moodle learning environment. All the topics have a forum
where support for topic content is guaranteed by the teacher asynchronously. The teacher always
answers the questions within 48 hours at the weekend, or on a daily basis from Monday to Friday,
besides motivating the students to participate. Table 1 shows in detail how the discipline is orga-
nized:

At the end of topics 4 and 6, e-folios A and B respectively were given out to the students. The p-
folio was given out after the end of topic 7. The appeal exam took place before the beginning of
the next semester (usually September, because the semester is from March to July). All the AFs
and e-folios are graded by the teacher and made available to the students after the deadlines ap-
plied to each of them.

The discipline for this study had a total of 124 students subscribed and two classes, each with 62
students. It took place in the 2014 academic year.
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Topic | Content Goals Duration
1 Introduction to object Familiarization with the concept of programming and | 1 week
oriented programming object oriented software quality; installation of Eclipse
IDE and configuration;
2 Programming resources | Learn the features available in C ++ that are not direct- | 2 weeks
not specific related to ly related to OO programming, but inherited in large
00 part from the C language; implement a program in C
++ with the use of functions and all other features not
directly related to OOP
3 Definition and creation | Familiarization with the concept of class, object and 2 weeks
of classes and their its attributes; use of constructors, destructors, access
attributes controls, friends and nested classes
4 Overload, conversion Learn to create overload member functions and opera- | 2 weeks
and arrays of objects tors; conversion between objects and simple types;
arrays and lists of objects
5 Single inheritance Creation of classes and methods with single and sim- 2 weeks
ple inheritance mechanism
6 Multiple inheritance and | Creation of classes with multiple inheritance mecha- 2 weeks
polymorphism nism; virtual classes
7 Library streams, tem- Using and creating templates and exception handling; | 2 weeks
plates and exception using the streams library
handling

Analyzing the Data

The data was extracted directly from the Moodle platform, through its reports feature. The activi-
ty record report gives detailed information about each student’s behavior during the year. It in-
forms what, when (date and time) and from where (IP address) individuals have executed some
interaction with the discipline.

OF STUDENTS

4 8 9 0 1

MONTH

Figure 1: Total of students interacting per month

Although we had 124 students subscribed (7 female and 117 male, 9 from outside Portugal), only
a small number of them actually attended (32%) and were approved in the discipline (passed)
(26%). The period of time under consideration is from the end of March to November of 2014.
The academic semester is divided in different periods of time: 13-14 weeks of classes, starting
usually by the end of February, to the beginning of June; a period of 4 weeks of normal classroom
exams, starting in June and ending at the beginning of July; finally a period of 4 weeks of extra
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exams, realized during September. Figure 1 shows the total number of students that interacted per
month on Moodle. In March, a total of 72 students executed some action, although only about
half of them actually tried to be approved and by July (end of the semester) only 32 remained
active. Table 2 illustrates the scenario we had and the respective figures:

Table 2: Totals of students in the discipline along time

SCENARIO TOTALS
Subscribed students 124
Interacting at least once with the discipline 115
Completed e-folio A 35
Completed e-folio B 30
Completed p-folio 27
Completed only final exam 5
Completed appeal exam 2
Approved 31
Highest number of accesses per student 529
Average number of accesses per student 153
Minimum number of access per student 1

Actions in the Moodle VLE can take the form of any of those listed below. In the context of this
discipline, it is expected that all students will have some interaction especially at those actions
marked with an asterisk:

e assign submit (*)

e assign view (*)

e assign view all

e assign view submission grading table
e assign view submit assignment form
e book print

* book print chapter

* book view (*)

* book view all

* book view chapter (*)
e choice choose

e choice choose again

e choice view

e choice view all

e course view (*)

e folder view (*)

e folder view all (*)

e forum search (¥*)

e forum subscribe all

e forum unsubscribe all
e forum user report

e forum view forum (*)
e forum view forums

e imscp view all

e label view all

e page view all

e resource view (¥)

90



Carvalho

resource view all
url view all

user view

user view all

There are four types of reports in Moodle that the teacher can easily export to other software,
including the possibility of applying some filters to it:

Logs, that are activity reports of the site or course;
Activity reports that sum the number of views per activity and resource;

A participation report, which allows tutors to see who has completed a certain action, like
a quiz;

Statistics allowing for tracking the number of posts and views from a certain time frame
graphically.

Some reports were produced directly using a tool available in the Moodle platform and exported
in .xIs format and loaded into an Excel sheet. After extraction, the data was treated to find out
totals, average values, and detect potential trends. Based on the numerical analysis, graphs were
produced to more easily present the results that were thus being obtained.

Although all of these interactions are important to evaluate the level of interactivity between the
students and the platform, before proceeding with the analysis, it is necessary to clarify the mean-
ing of the actions with (¥) in the list above and according to the discipline structure, the minimum
number expected in each case:

Assign view/submit —E-folios are two programming tasks (more complex than the learn-
ing activities) and they contribute to the final grade of the students. An assign submit
happens each time the student uploads an e-folio, while an assign view is when he con-
sults the grade and evaluation comment left by the teacher. The student should execute at
least 2 assigns views and 2 assigns submit during the semester;

Book view — The discipline is fully described (goals, methodology, evaluation, bibliog-
raphy, etc.) and organized in a timetable (tasks to be executed by specific dates and
weeks each month). The student should consult or download this information at the very
beginning of the semester. This action should be executed at least once per student.

Course view — Each time the student enters the Moodle space of the discipline, this ac-
tion happens, if he is going to do any action further.

Folder view — didactic material is available for self-study. This material includes tutori-
als specially developed for the discipline by the teacher and several code examples to test
and run. The folder view action is executed each time the students view or download the
material. Although it is helpful, the students may use other resources to support their
studies (books, online tutorials, etc.). A minimum of 7 folders view per student is ex-
pected in order to download all the available material;

Forum actions — The asynchronous conversation between students and teacher is one of
the most important premises in the e-learning model in UAb. The goal is to achieve a
high level of message exchanges between all the students and between the students and
the teacher. The students should post their queries and cooperate with other students, ex-
changing points of view and deliberations. Within these messages, links to other web re-
sources are normally made (videos, articles, etc.). There are a total of 10 forums within
the discipline. Each forum may have several threads. It is expected that each student par-
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ticipate at least once in each available forum. The minimum number should be 10 forum
actions (this number represents a weak level of interaction);

e Resource view — Learning activities are proposed along the semester. These activities are
programming tasks in C++ (development of a C++ project) and, although they do not
contribute to the final grade, they are very relevant to the learning process and are identi-
fied as resources. A resource view occurs whenever a student executes an upload of a
learning activity or consults the comment left by the teacher about solutions. Each student
should at least execute 14 resources view per semester.

Even though they are the most relevant actions, we may state that their relevancy does vary in
terms of the programming learning process. Table 3 shows the relevancy of each one of them,
classifying it in 3 distinct levels (high, medium and low).

Table 3: Relevancy of the action within the context of programming learning

Action Relevancy within the context of programming learning
Assign submission High
Assign view Medium
Book view Low
Course view Low
Folder view Medium
Forums actions High
Resource view High

Based on the structure and timetable of the discipline (total number of topics, folders, learning
activities, and forums), each student should perform a minimum number of actions per semester,
to be able to download all the material, upload and consult resources and e-folios, consult and
post at least once at each forum, and consult the discipline structure and timetable at the begin-
ning. Table 4 summarizes the minimum number of actions each student should perform to show
some evidence of participation. Minimum numbers are quite acceptable for all the actions except
for the forum and course view actions.

Table 4. Minimum number of actions expected per student

Action Minimum expected number Minimum per total Minimum per total
per student (162) approved(31)
Assign submission 2 (2x162)=324 2x31)=62
Assign view 2 (2x162)=324 2x31)=62
Book view 1 (1x162)=162 (1x31)=31
Course view 2+2+1+7+10x2)=32 | (32x162)=5184 (32x31)=992
Folder view 7 (7x162)=1134 (7x31)=217

Forums actions

10

(10x 162) = 1620

(10x31)=310

Resource view

(7x2)= 14

(14x 162) = 2268

(14x 31) = 434

Figure 2 illustrates the totals per action. Course view (38.5%) is the most recurrent action per-
formed by the students followed (in this order) by the book view chapter (17.5%), folder view
(12.5%), resource view (10.5%), assign view (7.8%) and book view (3.4%). All the other actions
are less significant and have approximately the same total values.
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. assign submit
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. assign view all
assign view submit assig.
W book print
book print chapter
. book view
book view all
. book view chapter e E—
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. choice view all
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folder view all
W forum view forum
forum view forums book view chapter
W imscp view al
label view all
. page view all

TESOUITE View

B resource view all
url view all
W userview

user view all
Figure 2: Totals per actions

Figure 3 shows the total number of actions only by weekdays and by weekdays per month. Most
of the students in UAb are workers with average age 30-40 years. Surprisingly, the weekend is
not when the highest accesses happen, but instead on Monday (24%). Topics are usually made
visible to the students on Mondays and e-folios, on Fridays. As time passes we can also notice
that the activity decreases significantly and, although Monday is always when more actions are
registered, in April (Month 4), Tuesday has slightly more actions, while Thursday, Friday, Satur-
day or even Sunday, have almost the same number of actions.

WEEKDAY
a1 1B
Tue ...
wed I =
e JJm m
Fri .l | |
sat Il B ®m
son I B B
3 4 5 6 T B & 10 1
MONTH
1 1.196

Figure 3: Totals actions per weekdays and per weekdays x months in the period

In terms of time of day, Figure 4 illustrates the total number of actions for each day in the period:
first as totals and secondly as stacked totals for each weekday. The students’ behavior indicates
that they gradually increase their number of actions between 7 to 10 pm, decreasing their activity
after that time. There is also a significant increase in lunch time or between 7-10 am, being coin-
cidental with the general profile of our students (employed people) who are more active in less
demanding working hours.
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Figure 4: Totals actions per time of day in the period and per weekday

The decrease in participation, and thus interaction of the students, increased significantly with
time. Although some of the graphs shown above already give a hint of this, taking a close look at
the most repeated action (Course view), it is clear that there is a decrease in the rate of participa-
tion of the students. In March, 61% of the students that had accessed the discipline at least once
were considered active. In July, this figure drops to only 26%. Figures 5 and 6 give a better view
of this happening through highlight tables.

WEEKDAY
MONTH Mon Tue Wed Thu Fri Sat Sun
March
April
May
June
July

Figure 5: Course view action execution during the period
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Figure 6: Course view action execution per weekday and time of day during the period

Findings

Based on the results, the drop out of students is very high, although most of them access the dis-
cipline and do some minor interaction at least once — there were students that accessed Book view
and Course View only once. The quality of their interaction is very low in terms of using (posting
or/and reading) the several forums available for asynchronous communication. For instance, only
a set of 30 students actually accessed a forum. The highest number of times that the action forum
view was executed by a single student (from this set) was 16, where 3 accesses was the average
result to the set as a whole. This reveals a possible failure of the main pillar on which the e-
learning model relies. In other words, in the UAb e-learning model (Pereira et al, 2007) the pro-
cess of teaching-learning is continuous, taking place independently of the time and place where
the students and teachers are physically. This means that both students and teachers may partici-
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pate in the disciplines and learning units from where they are, at any time, and there is no re-
quirement for being online at the same time. This is a fundamental aspect in terms of flexibility —
the asynchronous communication, which is provided by the discussion forums.

Another interesting outcome is that only 38 students have accessed the discipline, at least 182
times (in different dates). If we assume that they spent 1 hour per day on the platform, this reveals
that these students were more interested in navigating and participating actively than those with
lower figures (the other 77). If we assume this rate of usage, this figure also indicates that these
38 students exceeded the expected 156 hour of workload only while interacting with the platform
(the highest number of times was 529). In fact, most of this group of students were those that tried
to be approved on this object-oriented discipline. Figure 7 illustrates the relation between final
grades of the approved students and their percentage of actions with high relevancy (see Table 4)
to the programming learning process. We can see a range of behavior amongst the approved stu-
dents. Two of the students with the highest score had the lowest level of actions. Both of them
had less than 5% of the total number of actions.

200

150

® 10,0

50 7

o0

11 1z 12 12 12 13 13 14 14 14 15 15 15 15 15 15 15 16 16 16 16 17 17 17 18 18 19 20 20 20

Grades

B assign submit fview forum actions M resource view

Figure 7: Percentage of the total actions per final grades of approved students

An additional significant outcome is that a divergence occurred between the grades and the num-
ber of total forum actions. The interaction through the asynchronous forums is another key prem-
ise behind the e-learning model. We can notice clearly in the chart in Figure 8 that the highest
grades were achieved by students with low numbers of forum actions.

The students in this discipline presented an irregular profile of usage during the week, with Mon-
day being the most accessed day. Most of the interactions occurred by night, around 10 p.m.
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Figure 8: Final grades x total of forum actions per approved student

Conclusions and Further Work

In general, based on the results, we can say that the quality of the students’ interaction is lower
than would be expected to be ideal. This indicates that possibly the e-learning model is not well
tailored to work with disciplines such as those where programming languages are taught, and
other didactic and pedagogic strategies have to be added in these cases. Although this is im-
portant, we should also take into account that online education has raised some concerns regard-
ing high student attrition rates in online courses and programs. In general, online courses have
higher dropout rates compared to face-to-face courses (Bowers & Kumar, 2015).

One very important conclusion is the significant underuse of the forums by all of the students and
the lack of evidence that their underuse leads to a failure to be approved. Some of the shortcom-
ings may be caused by the fact that the majority of the students are mature and regular workers,
thus have limited time (because of family and work responsibilities) to devote to study. Another
pertinent factor is the specificity that learning programming demands. According to Nandi, Ham-
ilton, and Harland (2012), the content for the programming course needs to be more prescriptive,
algorithmic, and more narrowly focused; hence, opportunities for direct discussion and asking
questions are limited. In their study, often a single solution posted by a student in answer to a
problem raised by another student was sufficient, and the instructor ended the discussion at that
point. The same situation is applied to assignments. Once the solution is presented to the students,
there is little discussion and alternative suggestions for solutions provided. This may explain the
low activity in the forums.

The high activity observed during late hours and on Monday is possibly due the mature age of the
students and because Monday is always the day when a new topic is made available to the stu-
dents, generating more accesses.

Taking into account only the 31 students that were approved and actions with a high level of rele-
vancy to the programming learning process, we can identify another interesting outcome, which
is that the resource view and assign submit actions had a positive correlation towards the pro-
gramming learning process. In Table 5 the quality of interaction is evaluated against the mini-
mum number of actions acceptable per student (Table 4) within this discipline and the average of
those 31 approved students.
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Table 5: Approved students quality of interaction

Average number Minimum Quality of Action Relevance to the pro-
of actions per expected per interaction gramming learning pro-
approved student student cess
4 2 Good Assign submit High
25 14 Very good Resource view High
4 10 Very weak Forum actions High

The introduction of regular synchronous meetings, or the development of multimedia content to
teach interactively how to program, may be possible future e-learning tools to explore (e.g., using
virtual and augmented reality). Another useful thing would be to run a survey to understand better
what limitations and drawbacks may cause so many students to drop out or to have a low quality
level of interaction in the distance learning environment in the case of OOP. Also future work
suggested is to compare these results against those achieved from other programming disciplines
that the Computer Science degree offers in UAb.
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Abstract

Obijective: Evaluate the effectiveness of distance learning courses for the purpose of interdiscipli-
nary continuing education in Speech Pathology and Dentistry. Methods: The online course was
made available on the Moodle platform. A total of 30 undergraduates participated in the study
(15 from the Dentistry course and 15 from the Speech Pathology course). Their knowledge was
evaluated before and after the course, in addition to the user satisfaction by means of specific
guestionnaires. The course was evaluated by 6 specialists on the following aspects: presentation
and quality of the content, audio-visual quality, adequacy to the target public, and information
made available. To compare the obtained results in the pre- and post-course questionnaires, the
test Wilcoxon was carried out, with a 5% significance level. Results: the teaching/learning pro-
cess, including the theoretical/practical application for the interdisciplinary training, proved to be
effective as there was a statistically significant difference between the pre- and post- course eval-
uations (p<0.001), the users’ satisfaction degree was favorable and the specialists evaluated the
material as adequate regarding the target public, the audio-visual information quality and the
strategies of content availability. Conclusion: The suggested distance-learning course proved to
be effective for the purpose of Speech Pathology and Dentistry interdisciplinary education.

Keywords: Distance Learning, Speech, Language and Hearing Sciences, Dentistry, Interdiscipli-
nary Research.
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increase its benefits, mainly on continuing the education of professionals.

Distance learning allows the student to study independently, according to his/her pace and spatio-
temporal planning, and face-to-face meetings may occur offering opportunities for the socializa-
tion and the collaborative learning (Aretio, 2001).

Reports on distance learning are found in literature in the medicine field (Gardella, Guarin, &
Vive, 2003; Llambi et al., 2007; Pinto et al., 2008; VVanLue et al., 2007) and, mainly, in the nurs-
ing field (Campbell, Gibson, Hall, Richards, & Callery, 2008; Edwards, 2005; Holtslander, Ra-
cine, Furniss, Burles, & Turner, 2012; Teles Filho & Cassiani, 2008; Xelegati & Evora, 2011).
The quality of the service of tele-education and tele-assistance has been proved by different au-
thors (Eskenazi, Martins, & Ferreira, 2013; Hersh, Junium, Mailhot, & Tidmarsh, 2001; Rafiq &
Merrell, 2005; Roine, Ohinmaa, & Hailey, 2001; Shaikh, Lehmann, Kaleida, & Cohen, 2008;
Vuckovié et al., 2003); however, the cost-effectiveness relation still deserves investigation (Soi-
refmann, Blom, Leopoldo, & Cestari, 2008).

In the nursing field, Teles Filho and Cassiani (2008) developed and evaluated a module on Medi-
cation Administration offered on a web-based virtual learning environment. The researchers used
the Engagement Theory as a theoretical and methodological approach in the study carried out in
two stages: the creation of the module and its evaluation by specialists. The instructional material
had little amount of information on each screen and different font styles, sizes, and colors were
used to highlight the contents. It also had images to ease the understanding and make the envi-
ronment more attractive. The specialists (nurses, postgraduates, and professors) evaluated the ma-
terial as to the content and informatics. They evaluated the module positively regarding the con-
tent distribution and accessibility, the use of images, and the explicitness and easiness to execute
the program. So, the researchers concluded the module is appropriate to be used with students
from the Nursing course.

Xelegati and Evora (2011) developed a virtual learning environment (VVLE) for continuing train-
ing in order to manage and prevent adverse events in the nursing field. The authors used a three-
stage model, known as Computer Assisted Instruction (CAl), to develop the VLE. This model
consists of exercise and practice, tutorial and simulation, as well as problem solving. The struc-
ture used for the VLE was the non-linear “interactive book” that encompasses some resources
such as interactions of hypertexts, videos, sounds, static images, or animations. The authors ini-
tially identified the target public, chose the theme, and defined the objectives to be addressed, the
resources available, and the instructional design. Then, the course was offered in five modules
that consisted of contents, exercises, references, and supporting texts. They concluded that the
development of a virtual learning environment addressing the management of adverse events will
contribute to the awareness of nurses regarding the types of events, risk factors, classification,
and incidence. However, a technical and content evaluation of the VLE is necessary to enable the
use of the material in the continuing education of nurses in health institutions.

Regarding the distance learning in the medical field, Hersh, Junium, Mailhot and Tidmarsh
(2001) developed and evaluated a distance learning course to be used in continuing education in
medical informatics. The course was offered in the Blackboard Course info software as it presents
a much simpler and consistent user’s interface, which was compatible with the teaching modali-
ties the authors planned on using. In addition to the course, the authors aimed at providing stu-
dents with some parallel experiences through lectures, readings, and interaction among students
and professors. The course resources consisted of online lectures that were developed by means
of streaming audio plus slides in PowerPoint, discussion boards to promote the students interac-
tion, and homework (multiple choice). A subject and different assignments were provided each
week throughout the three-month course. Students were assessed by multiple-choice tests and a
take-home final examination. They showed a strong satisfaction with the teaching modality,
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course content, and system performance. The authors observed the performance of distance learn-
ing students was superior to the performance of on-campus students and concluded that the
course on medical informatics was successfully implemented by means of distance learning tech-
nologies, had a favorable satisfaction from students, and demonstrated learning.

Eskenazi, Martins, and Ferreira (2013) aimed at verifying the increase in knowledge and the
counseling skills of students in the fifth year of a graduate course in medicine regarding the prac-
tice of oral health after a course of interactive tele-education. The study assessed 148 students that
were divided into four groups (a control group and three others) that received progressive face to
face and distance learning interventions. Only one of the groups was also in touch with specialists
in oral health promotion. The knowledge increase was measured by a written test applied before
and after the course. The authors observed the knowledge increase of the experimental groups
was statistically superior to the control group and the performance of the group that was in touch
with the specialists in oral health promotion was significantly superior to the other groups.

Based on the satisfactory results observed in the pioneering studies involving distance learning in
the health field, it is relevant to consider that other areas can also benefit with this learning meth-
od. Therefore, the extension and application of distance learning courses in the other health fields
will also contribute with the teaching and learning process.

Distance Learning: Dentistry and Speech Pathology

The growth of tele-dentistry has increased in the past years (Cartes-Velasquez & Bustos-Leal,
2012), and the enforcement of distance learning in Dentistry can be exemplified by MEDICOL, a
website whose goal is to be an addition to learning (Broudo & Walsh, 2002), as well as by the
development of an online atlas on Pediatric Dentistry with photos, illustrations, and x-rays, which
has had a high level of users’ approval. There is also a report on a distance learning pilot study in
periodontics for graduate programs in European Countries. Such study used a virtual classroom,
synchronous and asynchronous communication, in addition to the access to online libraries and
multimedia material (Mattheos, Nattestad, Schittek, & Attstrom, 2001). Since 2009, in the Uni-
versity of Missouri — Kansas City School of Dentistry, a faculty member teaches a hybrid online
course (synchronous and asynchronous communication) with a highly specialized content in oral
embryology and histology for students in dental hygiene and dentistry (Gadbury-Amyot, Singh,
& Overman, 2013). Distance learning specialization, update, and extension courses in Dentistry
were found in Brazil (Masotti, Jardim, Oshima, & Pacheco, 2002; Olival, Curvino, Faria, &
Groisman, 2008), as well as support material to undergraduate students (Skelton-Macedo et al.,
2007).

In Speech Pathology, Smythe and Hughes (2008) studied the enrolled students’ performance in an
online program/course in basic human anatomy, which included online and face to face classes.
The results showed the students’ performances decreased whenever the themes were approached
only online.

In audiology, Lieberth and Martin (2005) proved the efficiency of the use of a web-based pure-
tone audiometry simulator by Speech Pathology undergraduate and graduate students. Inglés, Ro-
jesky, and Branham (2000) developed a distance learning course for graduate students and speech
pathology professionals, which approached the training of counseling skills in audiology provi-
sion services, and noticed that, despite the limitations related to the electronic instruction, the
learning resembled that obtained in the conventional classroom. A study (Blasca, Maximino,
Galdino, Campos, & Picolini, 2010) evaluated a model of interactive tele-education for audiology
teaching, and they concluded the educational material was effective in the teaching and learning
process.
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Regarding the knowledge on voice, the Educational CD "The Voice: speech pathology and medi-
cine” developed along with the Virtual Man Project of the Telemedicine Discipline, Universidade
de S&o Paulo (USP), has information about the anatomy and physiology of voice and speech pro-
duction, and it has demonstrated to be effective as an auto learning instrument to speech patholo-
gy and lyric singing students (Vieira, Berretin-Felix, & Brasolotto, 2009).

By means of a literature review on tele-health in speech pathology, a study (Spinardi, Blasca,
Wen, & Maximino, 2009) noted the scarcity of publications aimed at distance learning as well as
the centralization in the audiology field, showing the need to develop other projects, seeking the
improvement of the services offered and the easiness to access them, generating a more effective
impact on prevention, diagnosis and intervention of communication disorders.

There are no reports in literature about distance courses involving the interdisciplinary training or
relation among health professionals.

Significance of the Study and Purpose

Among the different speech pathology specialties, there is the Orofacial Motricity, which ap-
proaches the disorders related to the stomatognathic system (Conselho Federal de Fonoaudiolo-
gia, 2006). Such alterations can be evidenced in dental cases, considering that functional abnor-
malities such as oral breathing, swallowing with tongue interposition, unilateral chewing, and
orofacial muscle abnormal posture can be related to malocclusion (Yamaguchi & Sueishi, 2003).

Since 2002, authors Jorge, Duque, Berretin-Félix, Costa, and Gomide have already suggested the
importance of the performance of an interdisciplinary team, being constituted specially by pediat-
ric dentists and speech audiologists, in the treatment of some deleterious oral habits in children as
such habits may influence the development of the stomatognathic system.

Accordingly, these authors aimed to sensitize dentists and speech pathologists to the importance
of the early intervention and the referrals that might be necessary in order to reestablish the orofa-
cial functions and the muscle balance that might be altered due to deleterious oral habits.

Nobre, Gushiken, Periotto, and Araujo (2004) also referred to the importance of conducting lon-
gitudinal interdisciplinary studies, mainly in the performance between phonoaudiology and den-
tistry. The relation between form and function of the stomatognathic system was established as
the authors frequently observed oral myofunctional disorders in mouth breathers with Angle
Class Il malocclusion.

The study carried out by Amaral, Bacha, Ghersel, and Rodrigues (2006) investigated the opinion
of dental surgeons that are specialists in Orthodontics/Dentofacial Orthopedics and Pediatric Den-
tistry in addition to speech pathologists specialized in Orofacial Motricity. Unanimously, the re-
searchers agreed on the need of interaction between the areas in order to avoid cases of orthodon-
tic recurrences. The stomatognathic system is the common area for the performance of these pro-
fessionals.

Other studies in literature have also confirmed the importance of the interdisciplinary perfor-
mance between these two fields to favor a differential diagnosis and a better design of interven-
tion in children (Verrastro et al., 2009) and even in the elderly (Dias & Cardoso, 2009).

A more recent study (Silva & Canto, 2014) reinforces the importance of the interdisciplinary
work in all health fields, besides the focus on the association between dentistry and speech pa-
thology. The interdisciplinary performance between speech pathologists, dentists, doctors, psy-
chologists, physiotherapists, among others, promotes the improvement of therapies and treat-
ments, a humanized and integrated care, which result in patients’ satisfaction and health. The
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study also reinforces that such team work skills must be taught and learned since the academic
life.

Given that the collaborative performance among health professionals has promoted quite favora-
ble practical results (Benkert, 1997) and that experiences of computerized environments to sup-
port interdisciplinary teaching and clinical practice in Speech Pathology and Dentistry haven’t
been described, this study aims to evaluate the effectiveness of distance learning courses for a
continuing interdisciplinary training in Speech Pathology and Dentistry, aiming not only at the
best training for the professionals of the field, but also at bringing benefits to the patients from a
better training for the professional that will serve them.

Material and Methods

Ethical Aspects

The Ethics Committee on Human Research of the Faculty of Dentistry of Bauru, Universidade de
Séo Paulo (FOB / USP) approved the project, under the process N.101/2011. All participants
were clearly informed about the study objectives and procedures, all of them read and signed the
Consent Form.

Study Participants

Thirty students took the course and participated in the evaluation of this study teaching/learning
process; they were 15 from the Dentistry course and 15 from the Speech Pathology course, offi-
cially enrolled in the eight term. They all had a six-month period to complete the course. Besides
that, six specialists (three speech therapists and three dentists), with lato or stricto sensu post-
graduation courses related to the interdisciplinary performance in Speech Pathology and Dentis-
try, were invited to carry out the technical and scientific evaluation of the course.

Distance Course / Educational method

The theoretical content was presented by means of an online course, approaching the following
contents, which were developed in the Project “Distance Learning Proposal in the Speech Pathol-
ogy and Dentistry Interdisciplinary Practice”.

1 - Stomatognathic system anatomy

2 - Embryology, craniofacial growth and development

3 - Oral physiology and stomatognathic functions development

4 - Stomatognathic system evaluation;

5 - Orofacial myofunctional disorders: etiology, manifestations and treatment
6 - Interdisciplinary performance — clinical cases

Such contents were updated according to the literature review and submitted to an analysis by
teachers and students related to the departments of Biological Science and Orthodontics, in addi-
tion to the Speech Pathology Department of the Bauru School of Dentistry — Universidade de S&o
Paulo (FOB/USP).

Besides the theoretical content, a selection and update of illustrative images were performed in
order to provide a more dynamic and attractive virtual environment, thus helping in the teach-
ing/learning process.
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The material was shown in six modules, by means of Power Point, audio, text, image, and video
classes. Evaluation instruments were also introduced to direct the students’ progress in the teach-
ing/learning process. It was standardized, adapting the design of the slides and texts according to
the virtual environment template and made available on the Moodle (modular object-oriented dy-
namic learning environment) platform.

Moodle is a free software that supports learning, executed on a virtual environment. It is a learn-
ing platform designed to provide educators, administrators and learners with a single robust, se-
cure and integrated system to create personalized learning environments. It is an evolving and
active project based on the constructivist philosophy. Moodle has been designed to be fast and
accessible, its interface is easy to navigate in desktops and mobile devices and it also has the pos-
sibility of customizing the site design and layout. It presents a personalized panel that allows the
user to organize the exhibition of courses as desired and visualize current tasks and messages in-
stantly. Moodle presents tools and collaborative activities such as forums, wikis, glossaries, data-
base activities, assignments, calendar, chats and surveys. It has tools to handle files and a simple
and intuitive text editor. It also permits doing and visualizing notifications, the progress of stu-
dents, individually or as a group, as well as making detailed reports on students’ activities and
participation in the course and assessing through a questionnaire that can be edited as multiple
choice, true or false, brief answer, etc. The questionnaire setting involves the definition of the
period it will be available, an automatic feedback, varied assessment systems and the possibility
of many attempts.

In this study, we chose to make available the contents of each module for 24 hours a day for a
period of one month, so this was the time that the students had to accomplish each module. Thus
they could take the course on time, in the place and hour of the day that they judge most appro-
priate. The course contained six modules and the students have six months to complete it. The
course also used the “chat” tool in which students could communicate in real time with fellow
students or administrators. They also had the option to leave messages with questions, which
would later be answered if there were no online managers at the time of the question. This tool
was used in order to ensure greater interactivity of the students.

The integration of audio features, videos, images, texts, and Power Points archives were also used
in this course in order to provide a more attractive virtual environment, to be interesting, dynamic
and pleasurable, to facilitate understanding of the content, and to complement the teaching-
learning process.

Evaluation of the Program’s Effectiveness

Assessment of students’ knowledge

Students underwent cognitive skills evaluation, before and after taking the online course, by
means of specific questionnaires. Both questionnaires (before and after the course) involved the
evaluation of the same type of knowledge by presenting the questions in a different way or order
from the way it was initially presented. Each questionnaire consisted of 13 multiple choice ques-
tions about aspects related to embryonic processes, development of stomatognathic structures
since birth, identification of structures in oral and/or oronasal cavities, concepts of cephalometry,
concepts related to the function during occlusal movements, definition of some terms, clinical
case related to the performance between dentistry and speech pathology, malocclusion installation
causes, deleterious oral habits, speech, swallowing and chewing problems, questions involving
the relation between the swallowing function with changes and the mouth breathing, Class Il
malocclusion, inadequate head posture, changes in orofacial sensitivity, tonus or mobility, func-
tional and structural aspects of the stomatognathic system, and process of a speech pathology di-
agnosis.
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As a criterion aimed at evaluating the effectiveness of the program in relation to the cognitive
skills, a comparison was carried out between the numbers of correct answers regarding the ques-
tions that were relevant to the theoretical contents presented in the online course, looking for sta-
tistically significant differences between both analyzed periods.

Evaluation of students’ perception

Each module was individually evaluated by a poll made of 7 questions (Appendix) to be an-
swered by each student at the end of the activity. Such questionnaires addressed the following
aspects: contribution to the training; quality of the contents presented; quality of the illustrations
presented, amount of contents presented; complexity level of the dentistry content presented;
complexity level of the speech pathology content presented; access to navigation on the virtual
learning environment. In addition to that, at the end of the poll, the students had the opportunity
to criticize, suggest, or comment on the module being analyzed.

Evaluation of specialists’ perception

In a period of 30 days, the specialists were asked to access and analyze the course, as well as to
fill in the evaluation protocol suggested by Spinardi (2009), which evaluates the presentation and
quality of the content, audiovisual quality, adequacy to target public, and information available.

Statistical Methods

The comparison between the results obtained in the pre- and post-course questionnaires was car-
ried out with the administration of the Wilcoxon test, considering the significance level of 5%
(p<0.05). The comparison between the modules regarding the user’s satisfaction was carried with
the administration of the Kruskal-Wallis test, considering the significance level of 5% (p<0.05).

Results

The results will be described in two steps: the course development process and the course effec-
tiveness evaluation.

Development Process of the Interdisciplinary Course in Speech
Pathology and Dentistry

According to the obtained results, we can see (Table 1) that the only content which did not need
modification was the anatomy content. However, the other modules needed an update in the com-
plementary texts, files, and images. Such contents were made available on the Moodle platform,
presented in six modules, in classes with PowerPoint, audio, pdf texts, and videos.
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Table 1 - List of updated materials and the type of file provided module by module.

MODULE Type of file provided Updates/Modifications
1 Stomatognathic system anatomy PowerPoints, audios and No modification required
texts.
2 Embryology, Craniofacial growth and PowerPoint, texts and Update the text and images
development images
3 Oral Physiology and Stomatognathic Update the text and inserting im-
functions development Text with images ages
4 Stomatognathic System Evaluation PowerPoints and texts Update the text, images and the
with images. PowerPoint file.
5 Orofacial myofunctional disorders:
etiology, manifestations and treatment Texts with images Update the text and images
6 Interdisciplinary Performance — Clini- Texts, images and
cal Cases videos Update the text

Effectiveness Evaluation of the Speech Pathology and Dentistry
Interdisciplinary Course

Cognitive Skills

The evaluation of the student’s performance, which reflects the effectiveness of the course in re-
lation to the teaching/learning process, was carried out by means of the administration of the Wil-
coxon test to compare the number of correct answers obtained in the pre- and post-course evalua-
tion questionnaire (Table 2).

Table 2 - Presentation of the number of correct answers obtained in the evaluation
questionnaire administered before and after the completion of the Speech Pathology
and Dentistry interdisciplinary course.

Correct answers before course Correct answers after course  p-value
Minimum 3.0 5.0
Maximum 10.0 13.0
Median 7.000 8.000 <0.001
Average 7.0 8.4
Standard Deviation +1.7 2.5

The results showed there is difference, statistically significant, between the pre- and post-course
evaluations (p<0,001), pointing out that the material promoted the students’ effective learning.

Users perception / satisfaction degree

The poll has shown the students’ satisfaction degree in different aspects module by module. Gen-
erally, it was observed that the different modules were well evaluated. It was possible to notice
that regarding the contribution for training, the illustration quality, and the presented contents, as
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well as the access and navigation on the virtual learning environment, for most students, the eval-
uation varied between excellent, very good, and good.

Similarly, the satisfaction degree of users who considered the complexity level of the dentistry
and speech pathology content adequate varied from 89 to 96% (dentistry content) and 91 to 96%
(speech pathology content).

Analyzing the open question, we can see that the modules obtained higher amounts of positive
comments than negative comments, as illustrated in Figure 1.

Positive comments

% and N of
comments

Negative comments

N° of comments

The module was inter-
esting and it served as a

19,23% (n=25)

This module was a bit
lengthy, demanding too

25,49% (n=13)

1st Module review of anatomy much time for reading
mainly. texts.
This module content 15,38% (n=20) Could have more illustra- | 11,76% (n=6)
was presented in an tions to exemplify.
2nd Module objective and straight-
forward manner, it con-
tained the necessary
information.
Excellent material for 13,85% (n=18) This module showed an 11,76% (n=6)
3rd Module study and review. extensive content but
very relevant.
I like a lot these speech | 16,15% (n=21) This module was the 21,57% (n=11)
therapy issues related to most tiring so far. Pre-
4th Module orthodontics. | think it sents many lessons.
is a very important
integration!
Module was very inter- | 18,46% (n=24) The texts are still exten- 11,76% (n=6)
5 Module esting and related the sive.
areas of dentistry and
speech therapy.
The module is presented | 16,92% (n=22) Could there be a greater 17,65% (n=9)
6 Module in an interesting and number of clinical cases
interactive way due to to illustrate the multidis-
the presentation of clin- ciplinary treatment.
ical cases.
Total of - 100% (n=130) - 100% (n=51)
comments

Figure 1 — Main positive, negative and number of comments (n° of comments)
reported by the students in each module.

In Tables 3 to 5, it is possible to note, with more details, the students’ opinions when evaluating,
in each module, the aforementioned aspects. The highlighted cells represent the concept that
showed more answers.
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Table 3 — The users’ satisfaction degree as to the contribution for the training; quality

of the content presented; quality of the illustrations presented, and access and

navigation on virtual learning environment.

Satisfaction Degree

Module Excellent  Very Good Fair Poor Median First Third p value
Good Quartile Quartile
36% (n=20) 32% 30% 2% 0% 4.000 3.000 5.000
Contribution (n=18) (n=17) (n=1) (n=0)
for the 36% (n=20) 32% 30% 2% 0% 4.000 3.000 5.000
training (n=18) (n=17) (n=1) (n=0)
37% (n=21) 28% 33% 2% 0% 4.000 3.000 5.000
(n=16) (n=19) (n=1) (n=0)
32% (n=17) 34% 34% 0% 0% 4.000 3.000 5.000
(n=18) (n=18) (n=0) (n=0)
35% (n=18) 29% 37% 0% 0% 4.000 3.000 5.000
(n=15) (n=19) (n=0) (n=0)
38% (n=20) 28% 30% 4% 2% 4.000 3.000 5.000
(n=14) (n=16) (n=2) (n=1)
0,999
38% (n=21) 34% 29% 0% 0% 4.000 3.000 5.000
Quality of (n=19) (n=16) (n=0) (n=0)
the content 38% (n=21) 34% 29% 0% 0% 4.000 3.000 5.000
presented (n=19) (n=16) (n=0) (n=0)
30% (n=17) 35% 33% 2% 0% 4.000 3.000 5.000
(n=20) (n=19) (n=1) (n=0)
34% (n=18) 30% 32% 4% 0% 4.000 3.000 5.000
(n=16) (n=17) (n=2) (n=0)
31% (n=16) 35% 35% 0% 0% 4.000 3.000 5.000
(n=18) (n=18) (n=0) (n=0)
34% (n=18) 26% 34% 4% 2% 4.000 3.000 5.000
(n=14) (=18) (n=2) (n=1)
0,803
25% (n=14)  45% 27% 4% 0% 4.000 3.000 4.750
Quality of (n=25) (n=15) (n=2) (n=0)
the illustra- 25% (n=14) 45% 27% 4% 0% 4.000 3.000 4.750
tions pre- (n=25) (n=15) (n=2) (n=0)
sented 32% (n=18) 23% 40% 5% 0% 4.000 3.000 5.000
(n=13) (n=23) (n=3) (n=0)
28% (n=15) 28% 30% 4% 4% 4.000 3.000 5.000
(n=15) (=19) (n=2) (n=2)
27% (n=14) 31% 37% 4% 2% 4.000 3.000 5.000
(n=16) (n=19) (n=2) (n=1)
38% (n=20) 19% 43% 0% 0% 4.000 3.000 5.000
(n=10) (n=23) (n=0) (n=0)
0,895
32% (n=18) 36% 29% 4% 0% 4.000 3.000 5.000
Access and (n=20) (n=16) (n=2) (n=0)
N 32% (n=18) 36% 39% 4% 0% 4.000 3.000 5.000
navigation (=20) (n=16) (n=2) (n=0)
33% (n=19) 32% 32% 4% 0% 4.000 3.000 5.000
(n=18) (n=18) (n=2) (n=0)
25% (n=13) 34% 40% 2% 0% 4.000 3.000 4.500
(n=18) (n=21) (n=1) (n=0)
27% (n=14) 31% 38% 4% 0% 4.000 3.000 5.000
(n=16) (n=20) (n=2) (n=0)
28% (n=15)  40% 30% 2% 0% 4.000 3.000 5.000
(n=21) (n=16) (n=1) (n=0)
0,809
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Table 4 — Users’ satisfaction degree as the amount of content presented

Module Sufficient Insufficient Excessive Median F'rSt. Thlr(_j P
Quartile Quartile value
1 (SSZZ) 0% (n=0) 4% (n=2)  3.000  3.000  3.000
2 % ow(=0) 4% (n=2) 3000 3000  3.000
(n=54) ' ' '
88% _ _
Amount 3 (n=50) 5% (n=3) 7% (n=4)  3.000 3.000 3.000
of
content 4 83’% 2% (n=1) 151% 3.000 3.000 3.000
(n=44) (n=8)
presented 88% . 120
5 (n=46) 0% (n=0) (n=6) 3.000 3.000 3.000
89% O (e O (e
6 (n=47) 7% (n=4) 4% (n=2)  3.000 3.000 3.000
1,000
Table 5 — Users’ satisfaction degree as to the level of complexity of the dentistry
and speech pathology contents.
Module Adequate Little Very Median First Third p
complex Complex Quartile Quartile value
1 89% 7% 4% (n=2)  3.000 3.000 3.000
Dentistry (n=50) (n=4)
content 2 89% 7% 4% (n=2)  3.000 3.000 3.000
(n=50) (n=4)
3 93% 2% 5% (n=3)  3.000 3.000 3.000
(n=53) (n=1)
4 89% 2% 9% (n=5)  3.000 3.000 3.000
(n=46) (n=1)
5 96% 2% 2% (n=1)  3.000 3.000 3.000
(n=50) (n=1)
6 94% 4% 2% (n=1)  3.000 3.000 3.000
(n=50) (n=2)
0,614
1 96% 2% 2% (n=1)  3.000 3.000 3.000
Speech (n=54) (n=1)
pathology 2 96% 2% 2% (n=1)  3.000 3.000 3.000
content (n=54) (n=1)
3 91% 0% 9% (n=5)  3.000 3.000 3.000
(n=52) (n=0)
4 94% 0% 6% (n=3)  3.000 3.000 3.000
(n=50) (n=0)
5 94% 0% 6% (n=3)  3.000 3.000 3.000
(n=49) (n=0)
6 94% 2% 4% (n=2)  3.000 3.000 3.000
(n=50) (n=1)
0,836
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Technical and scientific quality

We will show below the results obtained through the evaluation of specialists for the following
aspects according to the questions of the evaluation protocol: presentation and quality of the con-
tent, audiovisual quality, adequacy to target public, and information available.

The first question evaluated the aspects related to the content presentation and quality through the
following items: scope, vocabulary, instructional sequence of topics, and way of presenting the
concept. The values attributed by the specialists are in Table 6.

Table 6 — Specialists’ satisfaction degree related to the content presentation and quality.

Instructional Way of concept

Scope Vocabulary sequence of topics presentation

N % N % N % n %
Excellent 5 83.33 5 83.33 5 83.33 4 66.67
Satisfactory 1 16.67 1 16.67 1 16.67 1 16.67
Reasonable - - - - - - 1 16.67

Unsatisfactory - - - - - -

Additionally, the main criticism made (cited by two specialists) through the open question, when
evaluating the content presentation and quality, was related to the absence of commands to for-
ward, rewind, or skip classes, which hinders the progress of the class. Two experts also suggested
the standardization of the content presentation of the modules.

The second question assessed the aspects related to the audiovisual quality through the items:
quality of the pictures, quality of the videos, and quality of the animations. The evaluation results
can be observed in Table 7.

Table 7 — Specialists’ satisfaction degree related to the audiovisual quality.

Quality of the pictures  Quality of the videos Quality of the
animations
N % n % n %
Excellent 1 16.67 2 33.33 2 33.33
Satisfactory 4 66.67 2 33.33 3 50
Reasonable 1 16.67 - - - -
Unsatisfactory - - 2 33.33 1 16.67

Three of the specialists reported that some classes were too long or had too much written content
(one cited the PDF files part of module 1) and suggested that a greater amount of illustrative fig-
ures and dynamic images should be inserted in these classes.

Three specialists reported it was not possible to access some videos that were available in the
course, hampering the evaluation process. Given that such criticism was not mentioned by the
other three evaluators or by the students, it is possible that it was probably a problem regarding
the personal software of each evaluator.

Question three evaluated the adequacy of the content to the target public and obtained 100% posi-
tive responses (adequate). Therefore, all specialists considered the material appropriate to the tar-
get public.

Finally, the fourth question assessed aspects related to the information available, regarding relia-
bility, update, research sources, and spelling and grammar. The values attributed by the experts
are in Table 8.
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Table 8 — Specialists’ satisfaction degree related to the information available.

Regarding Update Research sources Spelling and
reliability gramar
N % n % N % N %
Excellent 6 100 4 66.67 3 50 4 66.67
Satisfactory - - 2 33.33 1 16.67 2 33.33
Reasonable - - - - 2 33.33 - -

Unsatisfactory - - - -

Therefore, according to the specialists, the course can be considered from excellent to satisfacto-
ry, and regarding the criticism and suggestions exemplified above, we observed a higher number
of positive (23) than negative (13) comments.

Discussion

Distance learning aims, not only to reduce physical and temporal distance, but also to increase the
appreciation of “learning to learn”, enabling the students to acquire knowledge while respecting
their own rhythm of study, their time, and their personal characteristics (Spinardi, 2009).

Actions directed to this training modality are found in some areas of health, especially in nursing
(Campbell et al., 2008; Edwards, 2005; Holtslander et al., 2012; Teles Filho & Cassiani, 2008;
Xelegati & Evora, 2011), and in some specialties of medicine (Gardella et al., 2003; Llambi et al.,
2007; Pinto et al., 2008; VanLue et al., 2007).

However, there are studies in literature that describe learning tools similar to the ones proposed in
this study that involve the interdisciplinary training in speech pathology and dentistry practice,
favoring the performance in a collaborative manner among health professionals, enabling the
achievement of quite favorable practical results (Benkert, 1997).

The tool used for the development of the distance learning course was the Moodle platform. The
Moodle environment was chosen because it presents the main features of a virtual learning envi-
ronment (VLE), that is, tools that allow doing assessments, opinion polls, questionnaires, and chat
rooms, thereby ensuring interactivity, integration of resources, learning services, and communica-
tion (Bollela, Grec, & Matias, 2009; Martins & Campestrini, 2004). Literature shows the im-
portance of virtual environments providing the learning, creation, development, and management
of Web courses (Ribeiro & Lopes, 2006; Telles Filho & Cassiani, 2008).

The resources provided by Moodle reached the needs requested and, although some specialists
found some difficulty to access the videos, in the open question the students did not criticize the
working of the virtual environment. Moreover, the users’ satisfaction degree as to the access and
navigation in the virtual learning environment varied between the concepts excellent, very good,
and good, proving it to be also an appropriate instrument for students.

In the present study, it was possible to find a statistically significant difference between the pre-
and post-course evaluations performed by the students, demonstrating the effectiveness of this
material as an educational tool. We can compare these results to studies (Blasca & Bevilacqua,
2003; Ribeiro & Lopes, 2006) that also verified an improvement in the students’ accomplishment
by the application of pre- and post-test questionnaires, with favorable results as to the students
learning.

The students who participated in this research expressed satisfaction about the general quality of
the course, as well as about the use of distance learning. According to Kemczinski, Bringhenti,
Castro, and Heinneck (2000), to evaluate the students’ satisfaction (target public of the study) it is
essential to verify their level of satisfaction in relation to aspects of classroom environment or-
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ganization, didactic aspects, self-assessment, the performance of those organizing and monitoring
the course, as well as the technical staff.

Most comments were positive. For example, Module 1 was considered interesting and served as a
review for the anatomy content. Module 2 was praised for presenting the content in a simple and
objective way with the necessary information. Module 3 was described as having an excellent
content to review and study. In Modules 4 and 5, the interdisciplinary aspect was praised and the
content was found to be interesting. Finally, the format of Module 6, which was of an “interactive
book” to present clinical cases, was considered adequate.

Regarding the negative comments, most of the opinions were basically related to the excess of
content in Module 1, lack of figures in Module 2, and extensive, but relevant, content in Module
3. Module 4 was described as being more tiring and Module 5 as having an excessive amount of
texts. However, participants suggested Module 6 should have a greater number of clinical cases to
illustrate the multidisciplinary treatment.

Despite the large number of positive aspects in the open questions, it is important to emphasize
that the criticisms and suggestions revealed the peculiarities and needs of each module, important
information that will serve to guide the improvement of the course content for future applications
since the highest percentage of criticisms was in relation to the excessive amount of content in
some modules and very large texts, which was detrimental to the learning process. According to
Zen-Mascarenhas and Cassiani (2001), the evaluation of the educational virtual environment is
very important as it aims to ensure that the proposed objectives and goals could be achieved and
that the material reached its purpose.

Additionally, there were no statistically significant differences between the modules with respect
to contribution for the training, quality of the content presented, quality of the illustrations pre-
sented and access and navigation (Table 3). Furthermore, no differences were found between the
modules in relation to the amount of available content and as to the level of complexity of the
displayed contents about dentistry and speech pathology (Table 4 and 5).

With the evaluation of the course content by specialists, it was possible to verify that this material
is appropriate to the target public; it discusses the content, considering the different learning strat-
egies, possibilities and intelligence; it has simple, clear and objective language, without errors and
according to the current grammatical rules; and it also respects the hierarchy for learning based
on integrated knowledge and respecting stages. All these main concepts cited by the evaluators
are corroborated by Aretio (1999), according to whom, in the distance learning course, the di-
dactic material plays an important role, assuming the function of informing, motivating, and con-
trolling. It should be able to fill the course objectives, have clear and well defined content, have a
modular structure to facilitate the understanding of the theme, have vocabulary according to the
level of the target public, and use audio resources, videos, and/or images whenever possible.
Thus, the "Interdisciplinary Course in Speech Pathology and Dentistry” can be considered appro-
priate for distance learning programs or as a complementary material in formal education pro-
grams.

Conclusion

The present study evaluated the effectiveness of a distance course for the purpose of interdiscipli-
nary continuing education in speech pathology and dentistry, finding that, based on the results,
the distance course was effective for interdisciplinary training in both undergraduate courses.

The resources provided by the platform chosen to be used in this study (Moodle) fulfilled the
needs required. Although some specialists found some difficulties in accessing some videos, the
students did not report any criticism regarding the virtual environment. In addition, the users’ sat-
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isfaction degree as to the access and navigation on the virtual learning environment varied be-
tween excellent, very good, and good, proving it to be an adequate tool for students.

In this study, it was possible to find a statistically significant difference between the evaluations
applied to the students before and after the course, demonstrating this material’s effectiveness as
a training tool. Students who participated in this study showed satisfaction regarding the quality
of the course in general, as well as the use of distance learning.

Despite the high number of positive aspects observed in the open questions, the criticisms and
suggestions were much valued as they reveal each module particularities and needs, important
information that will serve to guide the improvement of the course content for future applications.
Most criticisms were about the excessive quantity, which hinders the learning process.

The content evaluation carried out by the specialists enabled us to verify that this material is ade-
quate to the target public; it approaches the content, taking into account different strategies, pos-
sibilities and learning intelligences; it has simple, objective and clear language; it has no errors,
follows the current grammar rules and respects the hierarchy for learning based on the integrated
knowledge and its respective stages.

The results showed the course needs to be improved, but it was considered adequate to the use in
programs of Distance Learning or as a complementary material in formal learning programs. The
information obtained also contributed to the development of strategies and methodology of inter-
disciplinary teaching in fields that are complimentary in the speech pathology and/or dentistry
training. Thus, the distance learning course was effective for the purposes of Speech Pathology
and Dentistry interdisciplinary training.

It is worth considering that the study had limitations. The small sample size allowed us to con-
clude that the results we found are true for the population in question only. Another important
limitation was the lack of similar studies that could guide the methodology to be applied in a bet-
ter way.

From the evaluation process carried out in this research, it will be possible to improve the inter-
disciplinary course, enabling its application/offering to the target public, besides contributing
with the methodological design of future researches that will study the programs and the applica-
tion of distance learning courses.

At the same time, the study also shows the importance of the interdisciplinary, or even transdisci-
plinary, perspective to be worked with Distance Learning, that is, the participation of many other
professionals (health field, information and technology, pedagogues, designers) interacting and
working in a team will provide a greater quality didactic material, a complete virtual environment
and the development of a humanized professional.

Conflict of interest
The authors declare there is no conflict of interest.

Acknowledgements

We appreciate the contribution of Prof. Dr. Heitor Hondrio and Prof. André Luis Porporatti with
the statistical tests applied to this study.

115



Distance learning: Effectiveness of an interdisciplinary course in speech pathology and dentistry

References

Amaral, E.C., Bacha, S.M.C., Ghersel, E.L.A., & Rodrigues, P.M.I. (2006). Interrelation between odontol-
ogy and speech- language pathology in orofacial myology. Revista CEFAC: Speech, Language, Hear-
ing Sciences and Education Journal, 8(3), 337-351.

Aretio, L.G. (1999). Historia de la educacion a distancia. Revista Iberoamericana de Educacion a
Distancia, 2(1), 11-40.

Aretio, L.G. (2001). La educacion a distancia. De la teoria a la practica. Barcelona: Editorial Ariel.

Benkert, K. K. (1997). The effectiveness of orofacial myofunctional therapy in improving dental occlusion.
The International Journal of Orofacial Myology, 23, 35-46.

Blasca, W. Q., & Bevilacqua, M. C. (2003). Multimidea como uma nova proposta de ensino da audiologia.
Salusvita, 25(3), 133-125.

Blasca, W. Q., Maximino, L. P., Galdino, D. G., Campos, K., & Picolini, M. M. (2010). Novas tecnologias
educacionais no ensino da audiologia. Revista CEFAC: Speech, Language, Hearing Sciences and
Education Journal, 12(6),1017-1024.

Bollela, V. R., Grec, W., & Matias, A. A. (2009). Shortening distances: A Moodle platform supports pro-
gramme evaluation in internship. Medical Education, 43(11), 1114-1115.

Broudo, M., & Walsh, C. (2002). MEDICOL.: Online learning in medicine and dentistry. Academic Medi-
cine, 77(9), 926-927.

Campbell, M., Gibson, W., Hall, A., Richards, D., & Callery, P. (2008). Online vs. face-to-face discussion
in a Web-based research methods course for postgraduate nursing students: A quasi-experimental
study. International Journal of Nursing Studies, 45(5), 750-759.

Cartes-Velasquez, R., & Bustos-Leal, A. (2012). Teleodontologia: Conceptos, experiencias y proyecciones.
Odontoestomatologia, 14(20), 17-25.

Conselho Federal de Fonoaudiologia. (2006). RESOLUCAO CFFa n° 320, de 17 de fevereiro de 2006.
Dispde sobre as especialidades reconhecidas pelo Conselho Federal de Fonoaudiologia, e d& outras
providéncias. Retrieved from http://www.fonoaudiologia.org.br/legislacaoPDF/Res%20320-06%20-
%20Especialidades.pdf

Dias, B. K. P., & Cardoso, M. C. A. F. (2009). Deglutition function characteristics in an institutionalized
elderly group. Estudos interdisciplinares sobre o envelhecimento, 14(1), 107-124.

Eskenazi, E. S., Martins, M. A., & Ferreira, M., Jr. (2013). Tele-educacdo e monitoria ativa no ensino da
salde bucal a estudantes de medicina. Revista Brasileira de Educagédo Médica, 37(2), 235-244.

Edwards, P. A. (2005). Impact of technology on the content and nature of teaching and learning. Nursing
Education Perspectives, 26(6), 344-347.

Gadbury-Amyot, C. C., Singh, A. H., & Overman, P. R. (2013). Teaching with technology: learning out-
comes for a combined dental and dental hygiene online hybrid oral histology course. Journal of Dental
Education, 77(6), 732-743.

Gardella, J. L., Guarin, J. F., & Vive, J. (2003). La metodologia de la educacion a distancia una herramienta
en neurocirugia. Revista Argentina de Neurocirurgia, 17(2), 81-84.

Hersh, W. R., Junium, K., Mailhot, M., & Tidmarsh, P. (2001). Implementation and evaluation of a medical
informatics distance education program. Journal of the American Medical Informatics Association,
8(6), 570-584.

Holtslander, L. F., Racine, L., Furniss, S., Burles, M., & Turner, H. (2012). Developing and piloting an
online graduate nursing course focused on experiential learning of qualitative research methods.
Journal of Nursing Education, 51(6), 345-348.

116


http://www.fonoaudiologia.org.br/legislacaoPDF/Res%20320-06%20-%20Especialidades.pdf
http://www.fonoaudiologia.org.br/legislacaoPDF/Res%20320-06%20-%20Especialidades.pdf

Ramos, Silva, Pinzan, Rodrigues, & Berretin-Felix

Inglés, K., Rojeski, T., & Branham, K. (2000). Adquirir habilidades de aconselhamento, em meados de
carreira: Resultados de um curso de educacéo a distancia para a préatica de fonoaudi6logos. Journal of
American Academy of Audiolology, 11(2), 84-90.

Jorge, T. M., Duque, C., Berretin-Félix, G., Costa, B., & Gomide, M. R. (2002). Oral habits: Interactions
between pediatric dentistry and speech therapy. Jornal Brasileiro de Odontopediatria & Odontologia
do Bebé, 5(26), 342-350.

Kemczinski, A., Bringhenti, I., Castro, J. E. E., & Heinneck, L. F .M. (2000). O desempenho e a satisfacdo
discente em um modelo de ensino-aprendizagem semi-presencial. COBENGE [periddicos na Internet].
Retrieved 17 November 2012 from
http://www.abenge.org.br/CobengeAnteriores/2000/artigos/477.PDF

Lieberth, A. K., & Martin, D. R. (2005). The instructional effectiveness of a web-based audiometry simula-
tor. Journal of the American Academy of Audiology, 16(2), 79-84.

Llambi, L., Margolis, A., Toews, J., Dapueto, J., Esteves, E., Martinez, E., et al. (2008). Distance education
for physicians: Adaptation of a Canadian experience to Uruguay. The Journal of Continuing Education
in the Health Professions, 28(2), 79-85.

Martins, J. G., & Campestrini, B. B. (2004). Ambiente virtual de aprendizagem favorecendo o processo
ensino-aprendizagem em disciplinas na modalidade de educacéo a distancia no ensino superior. In
Proceedings of 11° Congresso Internacional de Educacéo a Distancia; Salvador, Brasil. Retrieved 17
November 2012 from http://www.abed.org.br/congresso2004/por/pdf/072-TCC2.pdf

Masotti, A. S., Jardim. J. J., Oshima, H. M. S., & Pacheco, J. F. M. (2002). Ensino a distancia em
Odontologia via Internet: O que esta sendo produzido no Brasil. Revista Odonto Ciéncia, 17(35), 96-
102.

Mattheos, N., Nattestad, A., Schittek, M., & Attstrom, R. (2001). A virtual classroom for undergraduate
periodontology: A pilot study. European Journal of Dental Education, 5(4), 139-147.

Nobre, D. G., Gushiken, F. T., Periotto, M. C., & Araujo, R. H. (2004). Integration between Phonoaudiolo-
gy and Dentistry in mouth breathers: Relation with Angle Class Il malocclusion and treatment. Revista
Paulista de Odontologia, 26(2), 4-11.

Olival, A. R. B., Curvino, M., Faria, M., & Groisman, S. (2008). New horizons in dentistry: Teledentistry.
PerioNews, 2(4), 311-315.

Pinto, A., Selvaggi, S., Sicignano, G., Vollono, E., Lervolino, L., Amato, F., et al. (2008). E-learning tools
for education: regulatory aspects, current applications in radiology and future prospects. La Radilogia
Medica, 113(1), 144-157.

Rafig, A., & Merrell, R. C. (2005). Telemedicine for access to quality care on medical practice and con-
tinuing medical education in a global arena. The Journal of Continuing Education in the Health Pro-
fessions, 25(1), 34-42.

Ribeiro, M. A. S., & Lopes, M. H. B. M. (2006). Desenvolvimento, aplicacdo e avaliacdo de um curso a
distancia sobre tratamento de feridas. Revista Latino-Americana de Enfermagem, 14(1), 77-84.

Roine, R., Ohinmaa, A., & Hailey, D. (2001). Assessing telemedicine: A systematic review of the litera-
ture. Canadian Medical Association Journal, 165(6), 765-771.

Shaikh, N., Lehmann, C. U., Kaleida, P. H., & Cohen, B. A. (2008). Efficacy and feasibility of telederma-
tology for paediatric medical education. Journal of Telemedicine and Telecare, 14(4), 204-207.

Silva, T. R., & Canto, G. L. (2014). Dentistry-speech integration: The importance of interdisciplinary teams
formation. Revista CEFAC: Speech, Language, Hearing Sciences and Education Journal, 16(2), 598-
603.

Skelton-Macedo, M. C., Basilio, C. C., Alves, N. C. C., Marques, V. P., Menéndez-Casillero, M. E., &
Alves, R. J. C. (2007). Endodontia na graduagdo com ensino presencial e suporte a distancia:
motivacional ao estudo individual. [Endodontics at the undergraduate level with presence teaching and
distance support: a motivational strategy for individual study.] Revista ABENO, 7(1), 68-75.

117


http://www.ncbi.nlm.nih.gov/pubmed?term=Rojeski%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10685674
http://www.ncbi.nlm.nih.gov/pubmed?term=Branham%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10685674
http://www.ncbi.nlm.nih.gov/pubmed/10685674
http://www.ncbi.nlm.nih.gov/pubmed/10685674
http://www.abenge.org.br/CobengeAnteriores/2000/artigos/477.PDF
http://www.abed.org.br/congresso2004/por/pdf/072-TCC2.pdf
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Perionews
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Rev.%20ABENO

Distance learning: Effectiveness of an interdisciplinary course in speech pathology and dentistry

Smythe, G., & Hughes, D. (2008). Self-directed learning in gross human anatomy: Assessment outcomes
and student perceptions. Anatomic Sciences Education, 1, 145-153.

Soirefmann, M., Blom, M. B., Leopoldo, L., & Cestari, F. T. (2008). Telemedicina: Uma revisdo da
literatura. Revista dos Hospitais de Clinicas de Porto Alegre, 28(2), 116-119.

Spinardi, A. C. (2009). Telefonoaudiologia: desenvolvimento e avaliagdo do CDROM “Procedimentos
Terapéuticos nos Transtornos Fonol6gicos”. Bauru. Dissertation [Master’s Thesis in Speech Pathology
and Audiology] — Bauru School of Dentistry, University of Sdo Paulo. Retrieved from
http://www.teses.usp.br/teses/disponiveis/25/25143/tde-04112009-162147/

Spinardi, A. C., Blasca, W. Q., Wen, C. L., & Maximino, L. P. (2009). Telehealth in speech-language pa-
thology and hearing: Science and technology. Pré-Fono Revista de Atualizacdo Cientifica, 21(3), 249-
254.

Telles Filho, P. C., & Cassiani, S. H. (2008). Creation and evaluation cycle of a distance module for nurs-
ing undergraduates, named "medication administration". Revista Latino-Americana de Enfermagem,
16(1), 78-85.

VanLue, M., Cox, K. M., Wade, J. M., Tapp, K., Linville, R., Cosmato, C., et al. (2007). Development of a
microportable imaging system for otoscopy and nasoendoscopy evaluations. The Cleft Palate-
Craniofac Journal, 44(2), 121-125.

Verrastro, A. P., Tashima, A. Y., Ideriha, P. N., Stefani, F. M., Rodrigues, C. R. M. D., & Wanderley, M.
T. (2009). Occlusal and oral myofunctional characteristics of children treated in Pediatric Dentistry
Clinic, School of Dentistry USP. Journal of the Health Sciences Institute, 27(4).

Vieira, M. M. R. M., Berretin-Felix, G., & Brasolotto, A. G. (2009). The Virtual Man Project's CD-ROM
"Voice Assessment: Speech-Language Pathology and Audiology & Medicine", Vol 1. Journal of Ap-
plied Oral Science, 17, 43-49.

Vuckovi¢, |., Dilberovié, F., Kapur, E., Voljevica, A., Bilalovi¢, N., & Selak, I. (2003). The principles of
telemedicine in practice. Bosnian Journal of Basic Medical Sciences, 3(4), 54-60.

Xelegati, R., & Evora, Y. D. (2011). Development of a virtual learning environment addressing adverse
events in nursing. Revista Latino-Americana de Enfermagem, 19(5), 1181-1187.

Yamaguchi, H., & Sueishi, K. (2003). Malocclusion associated with abnormal posture. The Bulletin of To-
kyo Dental College, 44(2), 43-54.

Zen-Mascarenhas, S. H., & Cassiani, S. H. B. (2001). Desenvolvimento e avaliacdo de um software
educacional para o ensino de enfermagem pediatrica. Revista Latino-Americana de Enfermagem, 9,
13-8.

118


http://www.teses.usp.br/teses/disponiveis/25/25143/tde-04112009-162147/
http://lattes.cnpq.br/8813496611975103

Ramos, Silva, Pinzan, Rodrigues, & Berretin-Felix

Appendix
Questionnaire of Evaluation of the Scientific Content

1- Regarding the contribution to your training, the module can be considered:
() Excellent

() Very good

() Good

() Regular

() Bad

2- The quality of the contents presented in the module can be considered:
() Excellent

() Very good

() Good

() Regular

() Bad

3- The quality of the illustrations presented in the module can be considered:
() Excellent

() Very good

() Good

() Regular

() Bad

4- The guantity of contents presented in the module can be considered:
() Insufficient

() Sufficient

() Excessive

5- The level of complexity of the dentistry content presented can be considered:
() Little complex

() Adequate

() Very complex

6- The level of complexity of the speech pathology content presented can be considered:
() Little complex

() Adequate

() Very complex

7- As to the access and navigation in the virtual learning environment, it can be considered:
() Excellent

() Very good

() Good

() Regular

() Bad

8- Make criticisms, suggestions and / or comments about the module you just took.
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Abstract

In recent years, schools (as well as universities) have added cyber security to their computer sci-
ence curricula. This topic is still new for most of the current teachers, who would normally have a
standard computer science background. Therefore the teachers are trained and then teaching their
students what they have just learned. In order to explore differences in both populations’ learning,
we compared measures of software quality and security between high-school teachers and stu-
dents. We collected 109 source files, written in Python by 18 teachers and 31 students, and engi-
neered 32 features, based on common standards for software quality (PEP 8) and security (de-
rived from CERT Secure Coding Standards). We use a multi-view, data-driven approach, by (a)
using hierarchical clustering to bottom-up partition the population into groups based on their
code-related features and (b) building a decision tree model that predicts whether a student or a
teacher wrote a given code (resulting with a LOOCV kappa of 0.751). Overall, our findings sug-
gest that the teachers’ codes have a better quality than the students’ — with a sub-group of the
teachers, mostly males, demonstrate better coding than their peers and the students — and that the
students’ codes are slightly better secured than the teachers’ codes (although both populations
show very low security levels). The findings imply that teachers might benefit from their prior
knowledge and experience, but also emphasize the lack of continuous involvement of some of the
teachers with code-writing. Therefore, findings shed light on computer science teachers as life-
long learners. Findings also highlight the difference between quality and security in today’s pro-
gramming paradigms. Implications for these findings are discussed.

Keywords: cyber security, code metrics, software quality, software security, teachers’ learning,
data mining
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(cf. Perkins, 1999; Phillips, 1995; Piaget, 2013). The constructivist theory has drawn huge atten-
tion in the educational theory and practice, and many pedagogical terms still in use today have
been developed based on its philosophical roots, e.g., problem-based learning, situated learning,
teacher as a coacher, learner-centred education (cf. Duffy & Cunningham, 1996; Richardson,
2003). Of a special interest to the current work is the development of many educational pro-
gramming languages as part of the constructivism-as-pedagogy wave; the use of computer-based
learning to complement Piaget’s constructivism is mostly attributed to Seymour Papert (1980).
Since then, “learning to program” has become by many a synonym to “learning” per se (cf. May-
er, Dyck, & Vilberg, 1986; Soloway, 1986) and “computational thinking” is often considered as
key to learning (Barr & Stephenson, 2011; Gazdial, 2008; Wing, 2006). Still today, many believe
that learning to code should be an integral part of any school curriculum®; additionally, lifelong
computer training programs often include—along with more traditional modules that teach how
to work with popular software (like Microsoft Word or a Web browser)—modules that teach how
to code (e.g., Seals, Clanton, Agarwal, Doswell, & Thomas, 2008).

However, learning to program might be perceived as a Sisyphean task, as new programming lan-
guages are often being introduced and adopted by different communities. In other words, in prac-
tice, learning to program should not be considered as a one-time experience, but rather anyone
involved with programming must be a true lifelong learner. Indeed, in recent years attention has
been given to the preparation of computer science students as lifelong learners, with the presenta-
tion of various teaching methods—Ilike problem-based learning, intentional learning environment,
and collaborative learning—aimed on developing their capacity for self-direction and metacogni-
tive awareness (Cheong, 2013; Dunlap & Grabinger, 2003). One prominent group of such life-
long programming learners are computer science teachers who often need to adapt their curricu-
lum based on the changing popularity of programming languages. In many cases, teachers from
within the system are quickly trained to be acquainted with the new curriculum. This scenario
might lead to teachers teach material with which they are not fully familiar and in which they are
not fully confident (Lapidot, 2004; Thompson, Bell, Andreae, & Robins, 2013).

Another concern in such cases, taking into consideration that today’s young generation has easy
access to vast amounts of information, is that students will progress with the new material faster
than their recently-trained teachers can catch-up. This is often a result of teachers’ lack of
knowledge of current trends in the field and of the state-of-the-art technology, or of their difficul-
ty to quickly adapt new technologies while their students already master them (Kordaki, 2013;
Prensky, 2007).

A striking example encompassing these two issues is the adaption into schools” and universities’
curricula of cyber security (also known as computer security or IT security), that is, the practice
of protecting computer systems from unauthorized access, change, or destruction. This step might
seem only natural, as cyber security has caught much attention of governments and industries (cf.,
Andrijcic & Horowitz, 2006; Cavelty, 2008; Rowe & Gallaher, 2006; Stolfo et al., 2008). Fur-
thermore, cybersecurity may be seen as a bridge between the two classic domains of CS (software
and hardware), hence requiring a new point of view on the practice of programming (Lukowiak,
Radziszowski, Vallino, & Wood, 2014). In Israel, where the reported study was taken, a cyber
security program has been offered in a few high-schools as part of their computer science pro-
grams. In these schools, existing computer science teachers are asked to teach the new domain
which is also new to them; they are being trained in a special course that is given during after-
school hours and start to teach cyber security the following school year.

! See, for example, the activity of the non-profit organization, Code.org, supported, among many
others, by the high-tech industry giants, like Apple, Microsoft, Google, and Amazon.
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The current study aims on understanding how teachers and students learn the new material from
an empirical, data-driven, multi-view approach, in order to explore the differences between
teachers’ and students’ learning. This is done by automatically extracting measures of quality and
security from students’ and teachers’ codes (submitted during their learning) and applying data
mining techniques to find patterns in them. This understanding might contribute to the pedagogy
of teaching new materials, as well as to teacher development. In general, it highlights the ad-
vantages of a solid background in computer science for supporting lifelong programming learn-
ers.

Related Work

In this section we will review related work from two lines of research that are most relevant to the
current study: differences between novices’ and experts’ programming, and code analysis (quality
and security).

Novices’ and Experts’ Programming

Although the teachers participating in this study have not been trained before in either cyber secu-
rity or in Python (one of the most popular programming language for cyber security), they may
be considered as experts in the field of computer science (as well as in teaching it). The students,
on the other hand, are novices in programming. Research on novices’ and experts’ programming
knowledge had been flourished in the 1980s, with explicit comparison between these two popula-
tions and some interesting implications on teaching and learning this domain. Comparing accura-
cy and reaction time in solving simple text-book style programming tasks, Wiedenbeck (1985)
had found that experts were significantly faster and more accurate than novices (undergraduate
and graduate students) even in rather easy syntactic decisions; this finding is surprising, as the
task involved consisted of merely “reading” simple code, hence supporting Wiedenbeck’s auto-
mation hypothesis, according to which experts automate some simple subcomponents of the pro-
gramming task. But more than automation, it was also found that experts and novices might rep-
resent differently problems they tackle; while novices begin problem representation with the
problem literal features, experts first abstract an algorithm to solve it (Weiser & Shertz, 1983).
This finding was later supported by Adelson (1984) and Pennington (1987), who found that ex-
perts’ mental representation of programs tend to be based on procedural/abstract rather than func-
tional/concrete units. Later, these findings were replicated by Bateson, Alexander, and Martin
(1987), who found that experts did better than novices in syntactic memory (related to
Wiedenbeck’s automation hypothesis), strategic skills and problem solving (related to Weiser and
Shertz’s high-level problem representation approach).

However, as Soloway and Ehrlich (1984) found, experts’ and novices’ performance can be essen-
tially the same when the program structures involved do not conform to the experts’ knowledge
about programming rules. Furthermore, as Adelson (1984) demonstrated, novices can perform
better than experts on abstract problems once they are aided in forming an abstract representation.
Without support, novices’ level of abstractness of mental representation of computer programs
might be poorly developed (Fix, Wiedenbeck, & Scholtz, 1993). Hence, the importance of sup-
porting each learner with the mental model best fit to them.

The studies mentioned above used various measures to assess experts’ and novices’ programming
skills and knowledge; these measures were mostly based on qualitative data collection (mainly
programming-related tasks and interviews), rather than on assessment of the programs written by
the novices/experts. Our approach is to compare between novices and experts, using automatical-
ly extracted software quality and security features. Similar approaches have been used recently
for studying programming learning, mostly with a limited number of metrics, usually a-priori
chosen to be mostly relevant to a given target variable (e.g., Jbara & Feitelson, 2014; Kasto &
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Whalley, 2013; Piech, Sahami, Koller, Cooper, & Blikstein, 2012; Whalley & Kasto, 2014). Con-
tinuing this line of research, we take a bottom-up, rather explorative approach, relying on a com-
prehensive set of metrics, and assuming no relationships to any target variable.

Software Metrics

The need in defining and quantifying software quality emerged shortly after the development of
the new domain of software engineering, in the late 1960s. The seminal works in this field not
only defined theoretical frameworks of code quality, but also suggested explicit metrics for meas-
uring different dimensions of it (Boehm, Brown, & Lipow, 1976; McCall, Richards, & Walters,
1976). These two frameworks share a few dimensions (e.g., correctness, reliability, and reusabil-
ity), but each holds a few unique features (e.g., testability in McCall et al., 1976, and under-
standability in Boehm et al., 1976). In both cases, each dimension was described and detailed by
means of specific metrics to be measured. Furthermore, metrics were defined with their automa-
tion in mind; as setting a numerical value for metrics might be time-consuming, subjective, and
expensive, “one would prefer for large programs an automated algorithm which examine the pro-
gram and produces a metric value” (Bohem et al., 1, p. 596).

Automatic evaluation of software metrics has been used in a wide variety of studies, including in
the educational context. One of the most striking examples of using automated scores of code
quality was suggested by Truong, Roe, and Bancroft (2005); based on automatic analysis of their
programs, students were provided with immediate help, which identified correctness and logic
errors and assisted them to fix these errors. Similar approaches were used to better support stu-
dents’ programming in real-time (e.g., Ala-Mutka, Uimonen, & Jarvinen, 2004; VVujo3evi¢-
Janicié, Nikoli¢, ToSié, & Kuncak, 2013), as well as to auto-grade and find cheating in student
assignments (e.g., Leach, 1995; Tryer, 2001; Wang, Su, Ma, Wang, & Wang, 2011). In recent
years, educational data mining (EDM) and learning analytics (LA) have emerged as promising
methodologies for educational research. EDM and LA are inter-disciplinary approaches to analys-
ing data sets originated in educational contexts, using various methods and tools (cf. Siemens &
Baker, 2015). These methods were incorporated into the line of research discussed here, and us-
ing these techniques, some new and exciting metrics have been added to code-analyzing, includ-
ing more complex structure-based features, as well as variables measuring student-computer in-
teraction (e.g., Berland, Martin, Benton, Smith, & Davis, 2013; Blikstein, 2011; Taherkhani &
Malmi, 2013; Vihavainen, Luukkainen, & Kurhila, 2013). In this paper, we take an EDM ap-
proach, in particular applying clustering analysis and building a prediction model, based on a
comprehensive set of software metrics for both quality and security.

Quality metrics

There has been a lot of research in recent years about software metrics, however with no aggre-
gated knowledge about which metrics are more suitable to be used with which research question
(cf. Kitchenham, 2010). As the main purpose of the current study was to explore the way novice
students and experienced teachers learn a new topic (cyber security) — which also involves learn-
ing a new programming language (Python) — we chose to focus on software metrics derived from
the standards of that language. Applying their acquired programming skills later in their working
life will require current-students following some kind of style guides (for example, the ones
adopted by the organization they would work for), hence the importance of this kind of measure.
Therefore, sticking to coding standards/conventions of a given language is an important step
within that language learning process (Padua, 2010); this is most relevant with the modern pro-
gramming languages, e.g., Java, which are more trusting and that rely on the programmer to bul-
let-proof her or his own code (Zaidman, 2004).
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Considering the above, the Style Guide for Python Code (PEP 8) was used as the basis to the met-
rics involved in the current study. It is important to emphasize that keeping in mind coding style
was not a goal of the courses which the participant teachers/students took, nor was it learned dur-
ing these courses.

Security metrics

As mentioned earlier, the context of the current study is teachers and students who learn cyber
security. Hence, it is not sufficient to consider only program quality, as security measures are
mostly relevant as well. Obviously, unlike quality metrics — which have been extensively dis-
cussed for almost half a century — security metrics have been given attention only lately. But like
quality metrics, there is a wide range of interpretations and meanings for the term “security met-
rics” (Jansen, 2010; Savola, 2009).

Consistent with the approach based on which quality metrics were chosen for this study, security
measures too are based on standards of a specific programming language. However, as there are
yet no such standards for Python, we referred to the commonly used C++ Secure Coding Stand-
ard, by Carnegie Mellon University’s CERT (SEI CERT C++ Coding Standard, 2015). C++
seems to be a good choice, as both languages are multi-paradigm (object oriented and procedur-
al). Furthermore, Python “is a mixture of the class mechanisms found in C++ and Modula-3”
(The Python Guide, n.d.). Full details on both quality and security specific metrics are discussed
in the following section, under Feature Engineering.

Methodology

Participants and Data

Participants in this study were 11th- and 12th-grade students (N=31) from two Israeli high-
schools (one is located in a town in the outskirts of Central Israel, the other is located in the
southern part of the country), 17-18 years old; and high-school computer science teachers (N=18)
from different parts of Israel, 31-53 years old. The participating students were taught by two of
the participating teachers.

Participant teachers attended one of two dedicated programs in cyber security, sponsored by the
Israeli Ministry of Education, held between June 2012 - March 2013 and September 2013 - Janu-
ary 2014 (each teacher attended only one of these programs); this was done as part of their train-
ing to teach the topic the following year. The participant students took a curriculum-based cyber
security program, as part of their computer science studies, during 2012/3 school year. Both of
the programs had taught programming in Python. Designed in 1990, Python is an open-source,
interactive, high-level programming language that supports multiple programming paradigms and
offers high-level data structures (Sanner, 1999). It is free to use (even for commercial purposes)
and runs across multiple platforms (including Windows, Linux, Unix, and Mac OS X). Due to its
extreme power and suitability to large-scale projects, it has become the default language for Web
security applications. In addition, as it is easy to learn and easy to use, Python has become one of
the most popular introductory teaching languages (cf. Guo, 2014).

During these programs, the teachers and the students were assigned with programming tasks. In
both cases, they started working on the tasks during class and continued it at home. All assign-
ments had due dates. The solutions to these tasks were collected and analyzed. Overall, 109
source files were collected (68 were written by the teachers, 41 by the students), including a total
of 6246 code lines. The teachers were assigned four different exercises; each focused on a differ-
ent aspect of network programming using client-server architecture:
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1. UDP echo server — UDP (User Datagram Protocol) is a connectionless protocol located
on the “Transport Layer” of the OSI (Open Systems Interconnection) model. An echo
server receives a string from a client and sends that string back to the client. In this exer-
cise, the teachers were asked to develop an echo server using the UDP protocol.

2. Basic TCP command server — TCP (Transmission Control Protocol) is a connection-
oriented protocol located on the “Transport Layer” of the OSI model. In this exercise, the
teachers were asked to build a server that received TCP messages, using an application
protocol that they design, and performed specific commands like sending the name of the
server, sending a static number, and more.

3. Advanced TCP command server — This exercise is an enhancement of the previous one,
the teachers were asked to add support for additional commands (also included the ex-
pansion of the application protocol) to the server such as retrieving date and time from
the server, performing calculations on given numbers, and more.

4. Web server — A web server is a TCP based application, which accepts HTTP (Hyper Text
Transfer Protocol) requests and returns relevant HTTP responses. The HTTP responses
can include different content types such as HTML, pictures, video content or error mes-
sages. In the exercise, the teachers were asked to build a program and parse HTTP re-
quest. In case of a valid file request the web server sent the content of the file encapsulat-
ed in a HTTP message with valid headers.

The students were assigned three different tasks; each focused on a different aspect of network
programming using client-server architecture:

1. UDP echo server — An echo server receives a string from a client and sends that string
back to the client. In this exercise, the students were asked to develop an echo server us-
ing the UDP protocol.

2. Advanced TCP command server — In this exercise, the students were asked to build a
server that received TCP messages, using an application protocol that they designed, and
performed basic commands like sending the name of the server, sending a static number
and advanced commands such as retrieving date and time from the server or performing
calculations on given numbers. This exercise was a combination of both the second and
the third exercises done by the teachers.

3. TCP-based Chat — A chat is a way of transferring messages between Internet users in a
real-time manner. In the exercise, the students needed to design and implement a TCP
based chat protocol that supported sending messages to a specific user or group and man-
aging chat rooms.

Data is summarized in Table 1. Difference in assignments is due to the nature of the programs:
While the teachers—as learners—participated in a full, planned-ahead training, the students had
studied the subject as part of their regular school duties; therefore, the teachers—as instructors—
were acting under the school schedule limitations, hence had time for only three tasks for their
students to take.

During the pre-processing stage, we encountered tasks that were submitted by pairs or triples. In
cases in which the same pair/triple had submitted all of the exercises during the program — we
assigned this group’s submissions to one of the group members, arbitrarily, omitting the other
group members from the analysis. In cases in which pairs/triples had changed over the course of
the program, we arbitrarily chose one representative for each submission and assigned this sub-
mission to her or him solely. Therefore, number of represented participants in the analysis was
decreased to 17 teachers and 15 students, as shown in Table 1.
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Table 1: Dataset description

Group N Unique Source Code lines

exercises files

Full population

Teachers 18 (9 males, 9 females) 4 68 3032
Students 31 (29 males, 2 females) 3 41 3214
Total 49 5 109 6246

After pairs/triples reduction

Teachers 17 (9 males, 8 females) 4 60 2831
Students 15 (14 males, 1 female) 3 27 1878
Total 32 5 87 4709

Feature Engineering
Overall, we have engineered 32 features of three categories (details about the features are follow-

ing):

General features. A few general features were calculated for each source file, measuring,
among other metrics, volume and documentation.

Quality features. These features measure the code quality, based on the Style Guide for
Python Code (PEP 8).

Security features. In cyber security, vulnerability is a weakness that allows an attacker to
perform actions not intended by the creator/owner of the application/system. As men-
tioned above, security-related topics were derived from CERT C++ Secure Coding
Standard (which describes code-based vulnerabilities in C++). Topics related to the pre-
processor were filtered out from the security standard, as Python does not have a prepro-
cessor. Also, topics that were relevant to specific C/C++ functions not used in Python
were filtered out.

Both PEP 8 and CERT’s standards are widely used in code evaluation. While the programming
features were automatically extracted using a standard code analysis tool, as described below (see
Quality Features), the security features were extracted using scripts written by the research team.
All the features are measured using a static analysis, i.e., the code is analyzed without actually
executing the programs.

General features (6 Features)
For each source file, the general features are the following:

Number of Statements, measuring the code volume;

Number of Comment Lines;

Documentation Rate, computed as the ratio of Number of Comment Lines to the Number
of Statements;

Number of Lines (including statements, comments and empty lines);

File Name Length (number of characters; excluding the extension.py);

File Name Meaningfulness —represents whether the file name hints on what the code is
implementing. The values are: 1 — file name is not meaningful at all (e.g., 1.py, from
which one cannot tell anything about the program implemented in this file); 2 — partly
meaningful (e.g., Client.py, which does not explain to which application/protocol this
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code is a client); 3 — very meaningful (e.g., ChatClientTCP.py, which means that the pro-
gram implemented is a client of a chat program and that the chat protocol uses TCP as its
transfer protocol). The values were given jointly by the two authors upon agreement.

Quality features (20 features)

These features were automatically extracted by running Pylint (http://pylint.org), a common
source code bug and quality checker for Python which follows PEP 8 style guide. Pylint defines
five categories of standard violations/errors, each of which consists of a few measures:

(1) Convention (C; 18 measures). Conventions are a set of guidelines that recommend pro-
gramming style, practices, and methods for each aspect of a program. These guidelines
are mainly focused on software structural quality. Convention measures indicate a stand-
ard violation, for example, when the name of an attribute/class/function/variable does not
match a regular expression defined in the standard,;

(2) Warning (W; 61 measures). This type refers to Python-specific problems, that is, not
matching Python’s best practices. Such problems may cause bugs in run time. For exam-
ple, the existence of unused import from wildcard import;

(3) Error (E; 32 measures). This indicates probable bugs in the code that relate to general
programming concepts. For example, the use of a local variable before its assignment;

(4) Refactor (R; 15 measures). This means a “bad smell” code. Code refactoring (also known
as decomposition) is the process of restructuring existing computer code without chang-
ing its external behaviour, mainly for reducing its complexity, easing its readability, and
improving its maintainability. An example to this violation might be a function or a
method which takes too many variables as input;

(5) Fatal. This is triggered if an error occurred which prevented Pylint from processing the
code. Since fatal messages represent errors in Pylint processing and not in the source file
itself, we excluded them from this study.

Pylint scans the code and returns a list of measures for which violations/errors were found, along
with their count (a 0-value was considered for non-triggered measures). Based on Pylint output,
the following features were computed under each category:

e Mean Count (C/W/E/R) — for each category, count of violations/errors was averaged
across all this category’s measures.

e Normalized Mean Count (C/W/E/R) — for each category, Mean Count divided by the
code size (Number of Statements);

» Rate of Triggered Measures (C/W/E/R) — for each category, number of triggered
measures divided by total number of measures in this category;

= Triggered Category (C/W/E/R) — for each category, this feature indicates whether at least
one measure of it was triggered.

e Normalized Triggered Category (C/W/E/R) — Triggered Category, normalized by the
code size (Number of Statements).

Security features (6 features)

As mentioned above, security features are derived from CERT C++ Secure Coding Standard. The
following are the features extracted, all are binary, indicating whether the relevant mechanism
was implemented (1) or not (0). An implemented mechanism (i.e., a 1-value) is an indication of
the programmer’s attempt to protect the code from potential security vulnerabilities; pay attention
that the last feature, Client-Side-Only Security, refers to a bad practice (security check should
always be done at least on the server-side), hence its meaning is reversed and for it a 1-value de-
notes a possible security vulnerability.
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< Input Validation (the process of ensuring that a program operates on clean, correct and
expected input);

* Anti-Spoofing Mechanism (spoofing attack is a situation in which an attacker masquer-
ades as another entity by sending specially crafted data that seems as it was send from the
legitimate source);

e Bound Checking (any method of detecting whether a variable is within some range be-
fore it is used. It is usually used to ensure that a number fits into a given data-type, or that
an array index is within the bounds of a given array);

e Checking for Errors (not checking return codes for errors can cause logical security
bugs/crashing of the program that can cause Denial of Service attacks).

e Sensitive Data Encryption;

e Client-Side-Only Security (a scenario in which the server relies on protection mecha-
nisms placed on the client side only. In such cases, an attacker can modify the client-side
behavior to bypass the security mechanisms, which can lead to unauthorized, not intend-
ed interactions between the client and the server).

For the participant-level analysis (descriptive statistics, hierarchical tree), each feature was aver-
aged across each participant’s source files.

Results

We first present descriptive statistics of the software metrics (general, quality, and security).
Then, we present the results of the hierarchical clustering that was run on the full, combined pop-
ulation, in order to examine a data-driven partition of it based on the metrics. Finally, we build a
prediction model at the code-level, for examining whether the software metrics can differentiate
between teachers’ and students’ codes.

Descriptive Statistics

As described above, 60 source files of 17 teachers and 27 source files of 15 students (after reduc-
ing due to submissions in pairs/triples) were analyzed, and 32 software metrics were computed
for each source file. Then, values of the different metrics were averaged for each participant
across all of her or his source files (analysis at the code-level will be presented in Teacher/Student
Classification). We will now present a comparison between students’ and teachers’ feature val-
ues.

General features

Means (and standard deviations) of the general features for teachers and students are summarized
in Table 2, along with two-tailed t-test results of comparing between the two groups. Differences
in means of four (out of six) general metrics are significant: Number of Statements (p<0.05),
Number of Lines (p<0.05), File Name Length (p<0.01), and File Name Meaningfulness (p<0.01);
on average, students’ programs were longer than the teachers’, and teachers’ file names were
longer and more meaningful than the students’. The difference regarding code size (Number of
Statements and Number of Lines) might indicate the teachers have a better grasp of the concept of
programming with Pyhton, as “Python is a very expressive language, which means that we can
usually write far fewer lines of Python code than would be required for an equivalent application
written in, say, C++ or Java” (Summerfield, 2010, p. 1).

Regarding file names’ length and meaningfulness — teachers demonstrate a better practice of file
naming, which might be a result of their experience in programming and/or teaching computer
science classes. No significant differences were found between the means of the two documenta-
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tion-related features. Average Documentation Rate was 0.1, a reasonable documenting practice in
Python.

Table 2: Descriptive statistics, two-tailed t-test results for general features (one decimal
place representation unless mean<0.1); grey-shaded rows have significant difference

Variable Mean (SD) Mean (SD), Mean (SD), t(30)*

N=32 Teachers, N=17  Students, N=15

Number of Statements 51 40.5 (19.7) 62.9 (32.3) 2.3,
(28.3) df=22.6"

Number of Comments 6.1(7.4) 5.5(7.8) 6.8 (7.0) 0.5

Documentation Rate 0.1(0.2) 0.1(0.2) 0.1(0.2) -0.4

Number of Lines 56.9 (29.6) 45.4 (23.8) 69.7 (30.9) 2.5

Name Length 10.8 (5.1) 12.9 (4.0) 8.4 (5.2) -2.87

Name Meaning 1.3(0.5) 1.6 (0.4) 0.9 (0.5) 437

" p<0.05, ™ p<0.01. Unless otherwise stated, df=30.

> Levene’s test for equality of variance was significant, hence equal variances not assumed.

Quality features

Means (and standard deviations) of the software quality features for teachers and students are
summarized in Table 3, along with two-tailed t-test results of comparing between the two groups.

Means of eight (out of twenty) quality metrics are significantly different between groups, all are
of the convention and warning categories: Mean Count C, Mean Count W, Normalized Mean
Count C, Normalized Mean Count W, Rate of Triggered Measures C, Rate of Triggered
Measures W, Trigged Category W, and Normalized Triggered Category C (all at p<0.01, except
Triggered Category W, at p<0.05). On average, the students had more convention- and warning-
type violations than the teachers (with only one exception, Normalized Triggered Category,
which will be addressed immediately). As convention guidelines help improve code readability
and make software maintenance easier, these differences might indicate that the teachers, based
on their experience, migrate rather smoothly to programming in a new language.

Pay attention to the opposite direction difference between students and teachers in Normalized
Triggered Category C. This is a direct result of Triggered Category C getting a value of 1 for both
students and teachers and of Number of Statements being larger for students that it is for teachers
(as presented in General Features); the variable Normalized Triggered Category C is a ratio of
these two variables.
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Table 3: Descriptive statistics, two-tailed t-test results for quality features
(one decimal place representation unless mean<0.1 or difference needs to be shown);
grey-shaded rows have significant difference

Variable Mean (SD) Mean (SD), Mean (SD), t(30)*
N=32 Teachers Students
N=17 N=15

Mean Count C 72.3(56.7) 40.8(28.8)  108.0(60.0)  4.07, df=19.6°
Mean Count W 56.9 (70.9)  20.7 (37.6) 97.8 (78.4) 35, df=19.5
Mean Count E 1.4 (1.5) 1.3 (1.0) 1.5 (2.0) 0.5, df=19.5°
Mean Count R 0.2 (0.3) 0.1(0.4) 0.2 (0.3) 0.6
Normalized Mean Count C 0.11 (0.04)  0.09 (0.04) 0.13 (0.03) 3.6, df=26.7"
Normalized Mean Count W 0.02 (0.03)  0.01(0.02) 0.04 (0.03) 2.97, df=21.6"
Normalized Mean Count E =¢ =° =° 0.05
Normalized Mean Count R =¢ =° =° 11
Rate of Triggered Measures C 0.4 (0.1) 0.3(0.1) 0.4 (0.1) 45~
Rate of Triggered Measures W 0.05(0.04)  0.03 (0.03) 0.07 (0.04) 35"
Rate of Triggered Measures E 0.01(0.01) @ 0.01(0.01) 0.01 (0.01) -0.1, df=21.6"
Rate of Triggered Measures R 0.01 (0.02) | 0.01(0.02) 0.01 (0.01) 0.7
Triggered Category C 1(0) 1(0) 1(0) N/A
Triggered Category W 0.7 (0.4) 0.6 (0.4) 0.9 (0.3) 2.7", df=28.1°
Triggered Category E 0.4 (0.3) 0.4 (0.3) 0.4 (0.4) -0.6, df=23.8"
Triggered Category R 0.2 (0.3) 0.1(0.3) 0.2 (0.3) 1.2
Normalized Triggered Category C ~ 0.03(0.02)  0.04 (0.02) 0.02 (0.01) 317
Normalized Triggered Category W | 0.02 (0.01) = 0.02 (0.02) 0.02 (0.01) 0.6
Normalized Triggered Category E 0.01(0.01) @ 0.01(0.01) 0.01 (0.01) -1.1
Normalized Triggered Category R = - - 0.2

“p<0.05,  p<0.01. % Unless otherwise stated, df=30.
> Levene’s test for equality of variance was significant, hence equal variances not assumed.

¢ Mean value was smaller than 0.01.

Security features

Overall, both teachers and students showed low levels of implementing security mechanisms.
Results are summarized in Table 4. Both teachers and students implemented none of Anti-
Spoofing Mechanisms and Sensitive Data Encryption. As for Input Validation and Checking for
Errors — on average, students implemented more mechanisms than teachers regarding these fea-
tures (p<0.05). This might be a result of the teachers, learning from their own fresh experience,
emphasizing these subjects to their students.

As for Client-Side-Only Security, recall that a 0-value for this feature denotes a proper security
implementation. As seen from Table 2, mean value for this feature was 0 for the teachers; howev-
er, as the teachers had barely implemented any security mechanism, this value cannot be inter-
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preted as a good security practice. The students, with relatively a high mean value of Client-Side-
Only Security (0.5, significantly different from the teachers’ mean, at p<0.01), demonstrate poor
security design that is focused mostly at the client-side.

Table 4: Descriptive statistics, two-tailed t-test results for security features (one decimal
place representation unless mean<0.1); grey-shaded rows have significant difference

Variable Mean (SD) Mean (SD), Teach. Mean (SD), t
N=32 N=17 Stud. N=15

Input Validation 0.06 (0.17) 0(0) 0.13 (0.23) 2.3", df=14.0
Anti-Spoofing Mecha- 0(0) 0(0) 0(0) N/A

H b
nism
Bound Checking 0.10 (0.20) 0.04 (0.12) 0.17 (0.25) 1.9, df=20.1
Checking for Errors 0.18 (0.35) 0.04 (0.12) 0.33 (0.45) 2.5, df=15.8
Sensitive Data Encryp- 0(0) 0(0) 0(0) N/A
tion
Client-Side-Only Securi-  0.21 (0.42) 0 (0) 0.5 (0.52) 3.37,
ty® df=11.0

“p<0.05, " p<0.01.
% Levene’s test for equality of variance was significant, hence equal variances not assumed.

b For this case, for students, N=12. ¢ For this case, for teachers, N=16, and for the students, N=12.

Hierarchical Clustering of the Participants

In order to explore similarities between the participants, with regards to their code metrics, we
used a hierarchical cluster analysis. This method makes a partition of the population into groups
where subjects in each group are similar (or closer) to each other than subjects in other groups, by
terms of a given metrics; this is a bottom-up, unsupervised method that makes no prior assump-
tions on the way the data is categorized (cf. Kaufman & Rousseeuw, 2009). In recent years, and
mainly since the emergence of the educational data mining (EDM) and learning analytics (LA)
approaches to educational data, cluster analysis has been extensively used in educational research
(cf. Antonenko, Toy, & Niederhauser, 2012; Baker & Siemens, 2014; Pefia-Ayala, 2014; Romero
& Ventura, 2010). As our purpose was to discover hidden patterns in the data, no assuming on
any a-priori partition of the population, we find this approach most suitable to our needs; the met-
rics by which the population is partitioned is based on the calculated metrics. We used Ward’s
method (Ward, 1963) for clustering by Pearson correlation. Features were standardized using Z-
scores before clustering. Analysis was computed using SPSS 18. A dendrogram representing the
clustering process is presented in Figure 1. The vertical lines determine which participants were
grouped together and at which stage of the algorithm (from left to right). As can be clearly seen,
the process resulted with a division to two clusters, holding 9 and 23 participants. The small clus-
ter holds teachers only; the large one holds all the students (15) and 8 additional teachers. Exam-
ining mean feature values between the two clusters, and comparing these with the descriptive sta-
tistics presented in previous section, raises some interesting insights.
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Figure 1: Dendrogram of the hierarchical clustering process. X-axis represents
distance between clusters

First, we will examine mean differences between the clusters and will compare these results with
mean differences between students and teachers (presented in the previous section). These com-
parisons are summarized in Table 5, where each variable is noted for significance/insignificance
difference when its mean is compared between clusters and between students/teachers. Full re-
sults of mean comparison between the two clusters are presented in Tables 6-8. We will now fo-
cus only on these variables the means of which were found to be significantly different when
comparing between cluster and were not significantly different when comparing between teach-
ers/students, and vice versa.
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Table 5: Significance (p<0.05, marked with +) or insignificance (-) mean difference
in two-tailed t-tests regarding the research variables

Variable Comparing Comparing Clus-
Students, ters
Teachers

General Features
Number of Statements A =
Number of Comments - -

Documentation Rate - -

Number of Lines + -
Name Length + +
Name Meaning + +

Quality Features

Mean Count C/W + +
Mean Count E/R - -
Normalized Mean Count C/W + +

Normalized Mean Count E/R - -

Rate of Triggered Measures C/W + +
Rate of Triggered Measures E - -
Rate of Triggered Measures R - +
Triggered Category C N/A N/A
Triggered Category W + +
Triggered Category E - -
Triggered Category R - +
Normalized Triggered Category C + -

Normalized Triggered Category W/E/R - -

Security Features

Input Validation + +
Anti-Spoofing Mechanism N/A N/A
Bound Checking - +
Checking for Errors + +
Sensitive Data Encryption N/A N/A
Client-Side-Only Security + +
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Significant Difference between Clusters, not between
Teachers/Students

Interestingly, means of two of the Refactor features are significantly different when comparing
between clusters, both refer to the overall triggering of measures under this category: a) Rate of
Triggered Measures R, with t(df=20.5)=2.2, at p<0.05; and b) Triggered Category R, with
t(df=24.4)=2.2, at p<0.05. Levene’s test for equality of variance resulted with a significant result
in both cases, hence equal variances were not assumed. Recall that none of the Refactor features
was significantly different between teachers and students. In both cases, the means in the teach-
ers-only cluster were lower than the means in the mostly-students cluster (i.e., the teachers had
demonstrated better security design). As Refactor measures refer to a “bad smell” code, the dif-
ferences in this category might indicate that the teachers in the teacher-only cluster are more ex-
perienced in regulating their own programming and recognizing seemingly-suspicious code than
the students and the other teachers.

Bound Checking was also found significantly different between the two clusters, with
t(df=19.1)=2.2, at p<0.05 (again, equal variances were not assumed as for Levene’s test signifi-
cant result). Here, mean value for the teachers-only cluster is lower than the mostly-students clus-
ter, indicating poorer security design of members of the former comparing to the latter. This is
probably because, as was shown in the previous section, the Bound Checking security mechanism
was mostly implemented by the students.

Overall, these differences highlight that the teacher-only clusters hold an important subset of the
teachers, the member of which differ not only from the students, but also from their other peers.
The data-driven partition taken here made it possible to distinguish between the two groups based
not on their role in class, but rather on their actual code-writing measures, hence finding some
hidden patters.

Significant Differences between Teachers/Students That Became
Non-significant

Means of two of the General features previously found significantly different between teach-
ers/students are now non-significant when comparing between clusters: Number of Lines, Number
of Statements, and Normalized Triggered Category C. As Normalized Triggered Category C is
the ratio of Triggered Category C — for which all of the participants got a value of 1 —to Number
of Statements, and as Number of Statements and Number of Lines are highly correlated— with
Pearson’s r=0.983, at p<0.01 — these three features are related. Hence, the teachers-only cluster
and the mostly-students cluster do not differ from each other with regards to their general code
characteristics.

The cluster analysis resulted with a clear distinction between two groups of learners. Specifically,
it found a sub-group of the teachers that is different from the rest of the teachers — and along with
that from all the students — mostly in its quality features (convention-, warning-, and refactor-
related). This subgroup’s members produce code that is higher in its quality measures compared
to the other participants; this might indicate that teachers in the teacher-only cluster facilitate their
learning of new material differently than the rest of the participants. To this end, gender issues
might be relevant, as the teachers-only cluster holds 2 female teachers and 7 male teachers, while
the mostly-students cluster holds 2 male teachers and 6 female teachers (as mentioned before,
almost all participant students were males, making any gender-wise comparison impossible). This
brings to mind an interesting recent finding about gender differences in adopting computer cur-
ricular changes. Investigating a rapid change in CS curriculum in New Zealand, Thompson et al.
(2013) found that only 73% of the female teachers intended to use the new programming and CS
standards presented in the new curriculum, compared to 91% of the male teachers.
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Table 6: Mean comparison (two-tailed t-test) for the general features among
the two clusters (one decimal place representation unless mean<0.1);
grey-shaded rows have significant difference

Variable Mean (SD), Most-  Mean (SD), t(30)*
ly-students Clus- Teachers-
ter, N=23 only Clus-
ter, N=9
Number of Statements 56.0 (30.6) 38.3(16.0) -0.8
Number of Comments 6.1 (7.6) 6.2 (6.2) -0.04
Documentation Rate 0.08 (0.07) 0.2 (0.2) -1.4, df=8.9°
Number of Lines 62.2 (31.1) 43.1(20.7) 1.7
Name Length 9.0 (4.6) 15.2 (3.2) 3.7
Name Meaning 1.1 (0.5) 1.7 (0.4) 2.9

" p<0.05, " p<0.01.% Unless otherwise stated, df=30.
® Levene’s test for equality of variance was significant, hence equal variances not assumed.

Table 7: Mean comparison (two-tailed t-test) for the quality features among
the two clusters (one decimal place representation unless mean<0.1);
grey-shaded rows have significant difference

Variable Mean (SD), Mean (SD), t(30)*
Mostly-students Teachers-only
Cluster, N=23 Cluster, N=9

Mean Count C 90.7 (56.7) 25.5 (13.4) 527, df=27.2
Mean Count W 75.9 (75.4) 8.2 (13.3) 417, df=25.2
Mean Count E 1.3(1.7) 1.6 (1.0) -0.4
Mean Count R 0.2 (0.4) 0.05(0.1) 1.8, df=27.9
Normalized Mean Count C 0.1 (0.03) 0.06 (0.03) 6.1
Normalized Mean Count W 0.03 (0.04) 0.003 (0.004) 3.8", df=23.4
Normalized Mean Count E 0.0 (0.001) 0.001 (0.001) -0.8
Normalized Mean Count R 0.0° (0.0% 0.0° (0.0 2.0, df=26.7
Rate of Triggered Measures C 0.4 (0.08) 0.3 (0.05) 417
Rate of Triggered Measures W 0.07 (0.04) 0.02 (0.02) 3.3
Rate of Triggered Measures E 0.01 (0.01) 0.02 (0.003) -0.8, df=27.3
Rate of Triggered Measures R 0.01 (0.02) 0.002 (0.004) 2.5, df=27.2
Triggered Category C 1.0 (0.0) 1.0 (0.0) N/A
Triggered Category W 0.8 (0.4) 0.5(0.4) 2.4
Triggered Category E 0.4 (0.4) 0.5(0.1) -1.0, df=29.8
Triggered Category R 0.2 (0.3) 0.05 (0.1) 2.5", df=29.8
Normalized Triggered Category C 0.03 (0.02) 0.04 (0.01) -1.2
Normalized Triggered Category W 0.02 (0.01) 0.02 (0.02) 0.2
Normalized Triggered Category E 0.008 (0.01) 0.01 (0.01) -1.1
Normalized Triggered Category R 0.003 (0.01) 0.0° (0.0) 1.3

" p<0.05, ™ p<0.01. ® Unless otherwise stated, df=30.

b Levene’s test for equality of variance resulted with a significant result, hence equal variances not
assumed.

¢ Value was smaller than 0.01.
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Table 8: Mean comparison (two-tailed t-test) for the security features among
the two clusters (one decimal place representation unless mean<0.1);
grey-shaded rows have significant difference

Variable Mean (SD), Mostly- Mean (SD), t*
students Cluster, Teachers-only
N=23 Cluster, N=9

Input Validation 0.09 (0.2) 0.0 (0.0) 2.2", df=22
Anti-Spoofing Mechanism” 0.0 (0.0) 0.0 (0.0) N/A
Bound Checking 0.1(0.2) 0.01 (0.04) 2.4", df=255
Checking for Errors 0.2 (0.4) 0.0 (0.0) 3.0, df=22
Sensitive Data Encryption 0.0 (0.0 0.0 (0.0 N/A
Client-Side-Only Security® 0.3 (0.5) 0.0 (0.0) 2.9", df=18

" p<0.05, " p<0.01.% Levene’s test for equality of variance resulted with a significant result, hence

equal variances not assumed.

® For this case, for the mostly-students cluster, N=20.

¢ For this case, for the mostly-students cluster, N=19.

Code Writer Prediction Model

As a final step, and in order to highlight the findings from yet another angle, we tried to build a
classifier, at the code-level, that will predict whether a program was submitted by either a student
or a teacher. In this case, the analysis is supervised, as we know ahead which code was written by
a student and which was written by a teacher, and our goal is to predict it based on the code met-
rics. That is, we would like to build a classifier (a binary predictor) that, based on a code’s fea-
tures, will predict who wrote this code. For doing this, we chose to use a decision tree model,
mostly because of it being simple and easily interpretable (cf. Quinlan, 1996); decision trees have
been extensively used in the educational research in recent years (cf. Baker & Siemens, 2014;
Pefia-Ayala, 2014; Romero & Ventura, 2010).

As detailed in Participants and Data section,
87 code source files were used. This set of
codes, along with their features (at this
stage, back to code-level calculation of fea-
tures), had served for the prediction model
building. We developed a decision tree
model, using RapidMiner 5.3 (Mierswa,
Wurst, Klinkenberg, Scholz, & Euler, 2006),
with its default parameters. Forward feature
selection was implemented manually. Per-
formance was tested using kappa and was
validated using leave-one-out cross-
validation.

The best model found, presented in Figure 2,
is relatively simple, having only two fea-
tures — Normalized Mean Count C, and
Normalized Triggered Category E — three

Normalized Mean
Count C

>0.118 <0.118

Normalized
Triggered Category E

>0.018 <0.018

® ®

Figure 2: Best prediction model
(S=Student, T=Teacher)

139




Software Quality and Security

leaves and a total height of two. This model has a very good kappa value of 0.751, indicating on
its high level of generalizability.

Based on this tree, a code with Normalized Mean Count C>0.118 is predicted to be written by a
student. A code with a lower value of Normalized Mean Count C is then tested for Normalized
Triggered Category E; higher values (>0.018) are predicted to be written by students, lower val-
ues (<0.018) are predicted to be written by teachers. This model highlights the already known
difference in convention violations between teachers and students. However, it also highlights an
interaction between the convention feature and a feature that refers to errors. Error-related fea-
tures did not show significance earlier. This interesting result suggests that students and teachers
that are relatively good in convention-keeping, might still pay attention differently to probable
bugs. Here again, teachers might use their experience in programming (or in teaching program-
ming) for thinking about different scenarios and extreme cases that might lead to bugs.

It is important to emphasize that security-related features, as well as general features, are absent
from the model, highlighting the fact that students and teachers are mostly differed by the quality
of their code. The non-differentiability of the general features might indicate that the submitted
codes are straightforward solutions to relatively simple tasks; the non-differentiability of the secu-
rity features is probably related to the very low levels of security mechanisms implemented by
both students and teachers, as was previously shown; therefore, the only inherent meaningful dif-
ference at the code-level remains in the quality features, indicating the main advantage experi-
enced teachers have over students when it comes to studying a new programming language.

Discussion

In this study, we analyzed students’ and teachers’ computer programs for both quality and securi-
ty; the programs were given as exercises in a cyber security training, a topic new for both popula-
tions. Software quality measures indicate that both groups have violations/errors, mainly in the
Python-specific features (convention, warning), which demonstrate the difficulty of learning a
new programming language. Students’ (obviously novices) difficulties are expected; teachers’
difficulties may be looked at in two opposite ways: on the one hand, teachers did better than stu-
dents in all software quality metrics, demonstrating their experience and expertise; on the other
hand, the very existence of these violations/errors may hint that the teachers had struggled with
the new material just like novices do. In this light, our findings support Liberman, Ben-David
Kolikant, and Beeri’s (2012) preliminary results about the “regressed experts”, stating that in
such scenario, the teachers practice some elements of novices but use their experience as a lever-
age to improve knowledge in the new content. Recall that about half of the teachers were clus-
tered together with the students when defining similarity based on the software metrics (using
hierarchical clustering). This group of teachers, the members of which proved a slower adaptation
to the new curriculum, might demonstrate the problem in the training of secondary school com-
puter science (CS) teachers. As Ginat (2000) put it, “many teachers remained with a rather nar-
row perception of CS. In particular, many still perceive the teaching of introductory CS as tutor-
ing of language syntax and technicalities, and fail to recognize the importance of design and anal-
ysis consideration.” While Liberman, Ben-David Kolikant, and Beeri’s description relates to our
surface-level findings (based on descriptive statistics), shedding light on the more severe problem
presented by Ginat was enabled by using a bottom-up analysis approach (based on data mining).
This demonstrates the advantage of our multi-view approach. Additionally, the prediction model
highlighted some further fine-grained differences between students and teachers, emphasizing the
role of quality-related features, in which teachers most benefit from their experience. Repeating
the current study in a larger population is recommended in order to empirically measure the ex-
tent of these two phenomena, both of which are strongly related to the ability of CS teachers to be
trained in new programming languages, as required in today’s ever-changing curriculum era.
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Viewed from a broader perspective, these findings shed light on CS education as a lifelong learn-
ing experience. The rapid technological developments over recent years make CS an ever-
changing field, and as a result, people engaged with it are required to be lifelong learners (Fisch-
er, 2000; Guzdial & Weingartn, 1995). Among these are CS teachers who need to be constantly
updated in order to teach their students the most relevant content. Sometimes, the need to get up-
dated is forced on these teachers as a result of curricular changes. Indeed, lifelong learning has
been noted as an integral part of CS teacher preparation, side by side with expertise in knowledge
and in teaching strategies (East, Bentley, Kmoch, Rainwater, & Stephenson, 2011). As we
showed in this study, it might be advisable to emphasize the need for lifelong learning in CS
teacher training. This need should also be accompanied by research focusing on the most efficient
ways for CS teachers to keep updated in content-, technology-, and pedagogy-related topics.

On top of these two explanations to CS teachers’ training in new material, gender issues might
explain some differences too, as was pointed out in our findings and was recently found by
Thompson et al. (2013). As Paechter (2003) suggested, teachers’ reactions to curriculum change
are strongly related to teacher identities, in specific gender: while female teachers see themselves
as teachers first, content experts second, for male teachers the order of importance is reversed.
This observation might dramatically affect teachers’ attitude towards curricular changes. In addi-
tion to demonstrating different attitudes towards changes in the curriculum, compared with their
male peers (which might, in turn, affect their learning of new material), female CS teachers might
also learn the new content differently than their male colleagues, due to previously observed gen-
der differences in CS learning (e.g., Beyer, Rynes, Perrault, Hay, & Haller, 2003; Murphy et al.,
2006; Vilner & Zur, 2006). Generally, our finding regarding gender differences is in line with
many other studies that have pointed out to gender-differences in computer science education (cf.
Hayes, 2008; Mihalcea & Welch, 2015; Webb & Miller, 2015). These differences should be taken
into consideration by policy makers and teacher development program leaders, in order to ease
the processes of female CS teachers adapting to curricular changes.

Meanwhile, a simple solution might assist both students and teachers to learn in the CS with pro-
gramming tasks: measuring software quality and security metrics in real-time (i.e., while writing
the code), hence enabling contextual feedback that might result in a better code and promote bet-
ter learning (cf. Ala-Mutka, 2007; Ng, Vee, Meyer, & Mannock, 2006; Truong et al., 2005; Wang
etal., 2011). Popular IDEs (Integrated Development Environments) already provide integration
with tools like Pylint (e.g., Emcas, VIM, Eclipse, Komodo, WingIDE, gedit, and pyscripter), so
using such software might ease the measuring task, as was indeed reported in Robles and Gonza-
lez-Barahona (2013). This idea is in line with a strand of research that suggested supporting nov-
ice programming learners by adding components during program writing, running or debugging
(e.g., Brusilovsky, 1994, Egan & McDonald, 2014; Hundhausen & Brown, 2007; Kiesmuller,
2009). Hence, this is another important direction for further research that might eventually assist
people to acquire a new programming language more efficiently.

As our results suggest, codes with higher software quality are not necessarily better secured.
Overall, codes of the participant teachers were of higher quality comparing to the students’ codes;
however with regards to the measurable security features, the opposite was observed. In recent
years, much attention has been put on exploring the relations between software quality metrics
and software vulnerability; most of these studies have found that the former can predict the latter
(e.g., Chowdhurry & Zulkernine, 2011; Moshtari, Sami, & Azimi, 2013; Shin & Williams, 2013).
However, most of these studies were analysing big (in terms of code size) commercial software
(e.g., Mozilla Firefox, Linux Kernel, Eclipse, etc.) that are usually written collaboratively by
hundreds, sometimes thousands, of people. Hence, their findings are barely interpretable at the
programmer level. The current study sheds light on the individual code-writer, so we can con-
clude from it about educating software engineering students and lifelong programming learners.
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From what we have found, educating in secure programming might probably be done in parallel
to teaching programming practices.

Generally, due to the fact that most of the features (quality features and cyber security features)
shown in the study are relevant to other programming languages (such as C/C++/C#/Java/Ruby),
our findings might generalize to other environments, and we plan on running similar, extended
studies in other programming scenarios.
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Abstract

Self-efficacy is essential to learning but what happens when learning is done as a result of a col-
lective process? What is the role of individual self-efficacy in collective problem solving? This
research examines the manifestation of self-efficacy in prediction markets that are configured as
collective problem-solving platforms and whether self-efficacy of traders affects the collective
outcome.

Prediction markets are collective-intelligence platforms that use a financial markets mechanism to
combine knowledge and opinions of a group of people. Traders express their opinions or
knowledge by buying and selling “stocks” related to questions or events. The collective outcome
is derived from the final price of the stocks.

Self-efficacy, one’s belief in his or her ability to act in a manner that leads to success, is known to
affect personal performance in many domains. To date, its manifestation in computer-mediated
collaborative environments and its effect on the collective outcome has not been studied.

In a controlled experiment, 632 participants in 47 markets traded a solution to a complex prob-
lem, a naive framing of the knapsack problem. Contrary to earlier research, we find that technical
and functional self-efficacy perceptions are indistinguishable, probably due to a focus on out-
comes rather than on resources. Further, results demonstrate that prediction markets are an effec-
tive collective problem-solving platform that correctly aggregates individual knowledge and is
resilient to traders’ self-efficacy.

Keywords: collective problem-solving, self-efficacy, prediction markets, social influence.
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artifact. Prediction markets are a genre of collective-intelligence platforms used for problem solv-
ing. They use financial markets as an underlying mechanism to aggregate dispersed information,
predict future events, and combine knowledge and opinions of a large and distributed group of
people. In such markets, stocks represent a statement to be evaluated or an event to be predicted.
The price of the stocks traded reflects the market’s opinion as to the probability of the occurrence
of the event or the correctness of the statement. Price also serves as a signal for traders and as
such provides a learning opportunity for improvement of the individual solutions. Prediction
markets are deployed as public platforms on the Web as well as within organizations.

Self-efficacy, the belief in one’s own ability to act in a manner that leads to success, affects indi-
vidual performance by determining goal selection, course of action, and persistence (Bandura,
1997). There is a general consensus among researchers that self-efficacy is not a general trait but
a disposition that is linked to the specific task and the circumstances in which it takes place (Ban-
dura, 2012). People who use computers to perform knowledge work engage simultaneously in
two tasks. The first is coping with the technical aspects of operating the computer application
used for the task and the other is the intellectual task itself. Previous studies addressed the inter-
play of perception dimensions of self-efficacy at such complex tasks (Looney, Valacich, Todd, &
Morris, 2006; Marakas, Yi, & Johnson, 1998) and other studies demonstrated that individuals
who exhibit higher degrees of self-efficacy perform better at problem solving (Bandura & Wood,
1989; Bouffard-Bouchard, 1990; Pajares & Kranzler, 1995).

In prediction markets, there is a high degree of integration between the technical and functional
perspectives of the trading task, as traders need to interpret market price and implement trading
decisions accordingly. The first objective of this research is to study the interplay of the technical
and functional perspectives of trading on traders’ self-efficacy.

Opinions on the effect of behavioral biases on the outcome of prediction markets differ. Some
scholars claim that prediction markets are resilient to behavioral and cognitive biases (Forsythe,
Rietz, & Ross, 1999), while others claim that biases affect market accuracy (Cowgill, Wolfers, &
Zitzewitz, 2008; Gjerstad & Hall, 2005). This research investigates the effect of self-efficacy on
problem-solving in prediction markets.

This paper presents a controlled experiment examining the effectiveness of prediction markets as
a collective problem-solving platform and the effect of traders’ self-efficacy on the market resili-
ence. It starts with a review of literature on individual and collective problem solving followed by
the theory of self-efficacy and its relevance to problem-solving, paying special attention to the
measurement of self-efficacy at complex tasks. The paper then describes collaborative platforms
that are used for collective problem solving delving into a specific family of such platforms, pre-
diction markets. Next, we report the experimental research method, the results and their discus-
sion, and a summary of the findings.

Problem-Solving

Intellectual challenges come in various forms that involve different kinds of cognitive tasks, solv-
ing strategies, and heuristics. Problems lie on a spectrum that spans between well-structured prob-
lems that converge into a conclusive deterministic solution and ill-structured problems that are set
in vague and ambiguous context, are not subject to a deterministic solution, and involve uncer-
tainty in the problem domain and the solution space. Stasser and Dietz-Uhler (2001) devised a
two-dimensional classification to distinguish the cognitive abilities that people employ to cope
with diverse intellectual challenges. The first dimension comes from the decision-making domain
and relates to the structural characteristic of the problem, the response format. It distinguishes
between selection from several options and rating, i.e., identifying a solution along a continuum
(Payne, 1982). The second dimension of the classification is the demonstrability of the solution
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which distinguishes between intellective tasks that deal with problems for which there exists a
demonstrable correct solution and judgmental tasks that are evaluative and do not result in an ob-
jective outcome (Laughlin & Ellis, 1986). The classification renders four categories of cognitive
tasks: choice, judgment, problem-solving, and estimation (Table 1). This paper focusses on the
category of problem solving tasks.

Table 1: Cognitive task classification (Stasser & Dietz-Uhler, 2001)

Response format

Select Rate
Judgmental  Choice Judgment
Demonstrability ntellective  Problem- Estimation
solving

It is not surprising that information processing models are dominant theories of problem-solving
in the field of cognitive psychology. Research into cognitive models that explain the process of
problem solving gained momentum with the introduction of computers, notably with the im-
portant work of Herbert Simon, a pioneering scholar in the fields of artificial intelligence and
cognitive psychology. By modeling complex systems as Artificial Worlds, Simon (1969) created
the basis for a theoretical framework of problem solving that consists of two associated sub-
processes: understanding the problem and search processes. His cognitive models were imple-
mented as computer simulation, the General Problem Solver (GPS), and established the symbiotic
relationships between the disciplines of cognitive psychology and artificial intelligence (Newell
& Simon, 1972). The terminology used by the two disciplines and their respective theories and
models may differ, but in essence both identify three components: givens, goals, and operations
that are associated with a certain problem space. The givens are the information and resources
available for the task. The goals are the desired outcomes of the process, and the operations are
the rules and actions that are applied on the givens to achieve the goals (Janssen, 1997; Wang &
Chiew, 2010).

In general, problem-solving approaches follow one of two strategies: an iterative strategy or de-
composition and synthesis. The selection of a strategy mainly depends on how readily the solving
task can be divided into sub-tasks. In the iterative strategy, the problem solver gradually ap-
proaches the final solution in incremental or iterative steps. In decomposition and synthesis strat-
egy, the problem is decomposed into sub-problems and the solutions to the sub-problems are then
synthesized into a combined, final solution.

The similarity between the cognitive psychology and artificial intelligence continues when we
move from individual problem solving to collective or distributed problem-solving, where several
agents, human or computerized, collaborate on the task. In both domains, scholars and practition-
ers believe that cooperation among multiple actors in solving a problem will improve the effi-
ciency of the process. This led, on one hand, to the development of cooperative and distributed
systems, where automatic agents cooperate in solving a problem, and on the other hand, to group
problem-solving, where teams of individuals work together to reach a collective decision or solu-
tion. While the motivation of computerized distributed problem solving mechanisms was mainly
to improve the efficiency of the “operation” component of the problem-solving process, members
of problem-solving teams were expected to extend the scope of the information inputs, the “giv-
ens”, as well as the diversity in solving strategies and heuristics.
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The effectiveness of groups in collective problem-solving and decision-making is debated. Some
studies suggested that, in many cases, the outcome of collective decision methods outperforms
individual judgment (Brown, 2000; Stasser & Dietz-Uhler, 2001). However, deficiencies, be they
theoretical or practical, were identified in most types of group processes. Previous studies identi-
fied informational influence and polarization in small deliberation groups (Burnstein & Vinokur,
1977; Gigone & Hastie, 1993; Isenberg, 1986; Stasser & Titus, 1985) and the Groupthink phe-
nomenon demonstrated the normative social influence, which may prevail in group processes
(Janis, 1982). The current study focuses on the effect of individual differences on collective prob-
lem-solving.

Self-Efficacy

Self-efficacy is one’s beliefs in one’s capabilities to organize and execute the courses of action
required to produce given attainments. According to the self-efficacy theory, pioneered by Albert
Bandura (1977), self-efficacy determines goal selection, the initiation of coping behavior and ef-
fort, persistence in the face of obstacles, and, consequently, affects task performance. The theory
suggests that cognitive, social and affective processes, which differ among individuals, play an
important role in the acquisition, regulation, and retention of behavior patterns. These processes,
combined with environmental stimuli and reinforcements, may strengthen or weaken effective
behavior.

Bandura identifies four informational cues that influence self-efficacy: enactive mastery, vicari-
ous experience, verbal persuasion, and emotional arousal. Enactive mastery means that a success-
ful accomplishment feeds back into one’s efficacy expectations as reinforcement. It is the most
influential source of self-efficacy as it raises mastery expectation and decreases fear and other
inhibiting feelings. Vicarious experience is the symbolic modeling of the right behavior by look-
ing at others performing a task. The efficacy expectations induced from vicarious experience are
likely to be weaker than those arising from own accomplishments, as they do not present an au-
thentic experiential basis. A third factor, verbal persuasion, i.e., leading a person through sugges-
tion into believing that he or she can cope successfully with a task, was also found to have a less-
er effect on efficacy expectations than enactive mastery. Lastly, stressful situations and fear reac-
tions, or positive mood, generate emotional arousal that may greatly influence efficacy expecta-
tions (Bandura, 1997).

A large body of research established that self-efficacy shapes the effective performance of indi-
viduals in a wide variety of areas such as learning and academic achievements (Bandura &
Schunk, 1981; Chemers, Hu, & Garcia, 2001), organizational behavior (Bandura & Wood, 1989;
Krueger & Dickson, 1994), coping with health conditions (Condiotte & Lichtenstein, 1981;
O’Leary, 1985), attaining goals (Bandura & Wood, 1989; Locke, Frederick, Lee, & Bobko, 1984)
and more.

In tasks that rely on cognitive skills, self-efficacy beliefs affect cognitive states of the individual
as well as his or her thinking processes. When looking into the achievements of a large cohort of
15-year old students in the Programme of International Student Assessment (PISA), Parker,
Marsh, Ciarrochi, Marshall, and Abduljabbar (2014) found a significant relationship between
math self-efficacy and math achievements. Bouffard-Bouchard (1990) demonstrated that differ-
ences in efficacy perceptions were related to the number of problems completed, the efficiency of
problem-solving strategies, and the accuracy of self-evaluation of responses. People with high
personal efficacy focused their attention on analyzing and finding solutions to problems in con-
trast to people with lower efficacy, who were beset with doubts, tended to turn their attention in-
wardly, and became self-occupied (Bandura & Wood, 1989). People who perceived themselves
more efficacious at the task were quicker to dispose of faulty thinking directions and are less in-
clined to reject good solutions prematurely (Bouffard-Bouchard, Parent, & Larivee, 1991).

162



Geifman & Raban

Measuring Self-Efficacy

Self-efficacy varies across activities and circumstances; therefore, Bandura (1977) suggested that
it is not a global disposition and that its estimate is strongest and most accurate when determined
by domain-linked measures. To fully capture the richness and the subtleties of the self-efficacy
agency, its measurement should reflect the composition of the task and relate to its different mo-
dalities. Bandura (1986) recommends using multidimensional constructs to capture the richness
of efficacy beliefs, which are invoked by the different modalities of the task and its environment.

When using a computer application to perform knowledge work, people are faced with a compo-
site task, which consists of a technical skill component, i.e., the use of the computerized tool, and
a functional domain skill component that is needed to accomplish the knowledge task. Often, the
two skill components evoke different efficacy beliefs and impose differences in behavior, which
affect the overall outcome (Mackay & Elam, 1992). Therefore, it was suggested that the meas-
urement of self-efficacy at computer-mediated tasks should relate to both dimensions of the task:
the execution of the knowledge assignment and the use of the computerized tool or application.
Previous studies proposed a model of computer self-efficacy, which is composed of General
Computer Self-Efficacy that spans across multiple computer applications, and task specific Com-
puter Self-Efficacy, e.g., word-processing tasks (Marakas et al., 1998). Another study described a
three-level model of self-efficacy in the area of online investment (Looney et al., 2006). The
model defines the relations among the perceived efficacy in the technical component of the task,
Computer Self-Efficacy in this case, efficacy at the functional domain component, Investment
Self-Efficacy, and their combination, i.e., Online Investment Self-Efficacy.

Similarly, solving problems by means of prediction markets relies on two distinct skill sets. Trad-
ers need to form their opinions regarding the solution to the problems, and at the same time, they
need to evaluate the market price signals with respect to their solution and decide whether to buy
or sell stocks. These call for a definition of a dual facet self-efficacy construct that measures trad-
ers’ efficacy beliefs at both perspectives of the task. Accordingly, the first research hypothesis is:

HZ1: Problem solving self-efficacy in prediction markets yields two distinct constructs
that distinguish between efficacy beliefs at trading and problem-solving

Online Collective Problem-Solving

Collective intelligence platforms offer an online ecosystem that enables a group of people to col-
lectively tackle a common intellectual challenge. Today, such platforms are common in the
workplace, in learning environments, and in the public Internet sphere and are used to create
knowledge repositories such as Wikipedia, software products in open-source projects (Github),
make decisions (Loomio), or solve problems (Innocentive). Collective intelligence platforms
combine the advantages of human cognition in handling intellectual, unstructured tasks with the
benefits of the Internet as communication, aggregation and organization infrastructure, and are
expected to alleviate some of the deficiencies of traditional group processes.

Collective intelligence platforms come in different flavors but they generally feature a low barrier
of entry for a diverse and distributed population, they facilitate access to a large body of dispersed
information, and they support diverse social and governance structures. A proposed classification
places collective intelligence platforms on a continuum of social structure cohesiveness that rang-
es from heavyweight social structures, which maintain a community form of persistent structures
and norms, to lightweight social structures, which are based on the independent operation of
group members (Budhathoki & Haythornthwaite, 2013). Open-source development projects,
where programmers collaborate under different governance models, exemplify a highly cohesive
community. GalaxyZoo (www.galaxyzoo.org), which is a platform that builds on a community of
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amateur astronomers to collectively create a morphological classification of galaxies, is an exam-
ple of a loose group.

Social computing platforms are not to be confused with crowdsourcing platforms. In the latter,
the complete task is handed out to a single entity, an individual or a team, and the platform does
not mediate the social interaction. Kaggle (www.kaggle.com), as an example, facilitated a compe-
tition for a 3-dimensional algorithm that maps dark matter in the universe. While the activity may
seem similar to that of GalaxyZoo, it does not involve an online collective process.

Prediction markets are lightweight collective-intelligence platforms that are used in the current
research as a collective problem-solving platform.

Prediction Markets

Prediction markets use financial markets as an underlying mechanism to aggregate dispersed in-
formation, collect opinions of a large and distributed group of people, and predict future events
(Wolfers & Zitzewitz, 2004). In prediction markets, stocks are created so that their final cash val-
ue is tied to the outcome of a particular statement or question. It may refer to an event (e.g., will a
nuclear arms disarmament treaty be signed with Iran before the end of the year?), to a parameter
(e.g., how many tons of salt are there in the Dead Sea?) or to an opinion (e.g., will an increase of
budget deficit decrease unemployment?). Traders express their opinions regarding the probability
of the event or the value of the parameter by buying or selling a certain amount of stocks at the
current price. The market mechanism updates the market price, which is interpreted as the collec-
tive opinion of all traders. Figure 1 displays a typical prediction market trading interface.

Create an account & SignIn
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Figure 1: A typical prediction markets screen

Prediction markets can be configured to address the four types of cognitive tasks that were identi-
fied in the Stasser and Dietz-Uhler (2001) classification (Table 1), but they function better for
intellective tasks (Slamka, Jank, & Skiera, 2009). In the public Internet sphere, prediction markets
address a variety of topics ranging from sports and entertainment to scientific innovation and
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politics. Due to anti-gambling regulations most markets use play-money and social incentives.
The promise of prediction markets as a collective-intelligence platform lies in the corporate envi-
ronment, the public sector, and civic debate (Cowgill et al., 2008; Polgreen, Nelson, & Neumann,
2007; Slamka et al., 2009). There, they are used for innovation management, business forecast-
ing, problem solving, and elicitation of knowledge and opinion (Geifman, Raban, & Rafaeli,
2011).

The present study uses prediction markets to facilitate collective problem-solving. The aim of the
second research hypothesis is to confirm their viability for the task:

H2: Prediction markets perform better than individuals at solving complex problems.

The accumulation of various market anomalies brought to the flourishing of the field of behavior-
al finance (Shiller, 2003). Prediction and financial market similarity leads to expect behavioral
phenomena similar to those studied in the field of behavioral finance. Some studies in the field
show that behavioral biases are evident in prediction markets (Cowgill et al., 2008; Gjerstad &
Hall, 2005), while others demonstrate market resilience to cognitive biases (Forsythe, Nelson,
Neumann, & Wright, 1992; Forsythe et al., 1999). The current research is interested in the influ-
ence of social-cognitive biases on the outcome of prediction markets. Specifically, we investigate
the influence of self-efficacy on the outcome of prediction markets that perform as a collective
problem-solving platform:

H3: Controlling for market-level knowledge, higher level of combined self-efficacy of
traders in the market positively influences the collective solution

Method

Behavior of traders in prediction markets can be inferred from the market price or analyzed from
transaction data. In the first case, studies analyze traders’ behavior and biases by examining mar-
ket price and its deviation from actual or from the expected price (Erikson & WIlezien, 2008; For-
sythe et al., 1999; Rhode & Strumpf, 2006; Rothschild, 2009). To analyze the behavior of the in-
dividual trader, researchers must use transaction-level data and link it to traders’ personal data.
Public prediction markets do not allow access to trader-level personal data and studies that ad-
dressed individual behavior derived their data from markets that operated within organizations,
where personal data on traders was accessible (Chen, Fine, & Huberman, 2004; Cowgill et al.,
2008; Spears, LaComb, Interrante, Barnett, & Senturk-Dogonaksoy, 2009). To gain access to
traders’ personal characteristics and individual transactions, we designed an experiment and im-
plemented prediction markets in a controlled laboratory setting that reflected a realistic environ-
ment. The markets were configured to collectively solve a complex problem, the Burglar prob-
lem, and the experiment procedure included a questionnaire by which the subjects reported their
self-efficacy. A detailed description of the research instrument follows.

The Burglar Problem

A burglar broke into a house and filled his sacks with loot. Each sack weighs differently
and contains different worth of goods. But alas!! When trying to leave the house, the bur-
glar could not carry all the sacks with him, as the burden was too heavy.

Help the burglar choose the sacks he is able to carry while maximizing his profit

This seemingly naive and simple riddle is a non-technical framing of the knapsack problem used
in the fields of operational research and computer science to simulate a large family of combina-
torial optimization problems. The formal presentation of the knapsack problem is:
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n
maximize Z_Pj Ey
i=1
subject to Z Wy Tj < W, Ty € {D, 1}

j=1

Where w; and p; are item j’s weight and profit respectively, x; is the selection flag for item j
(infout), and W is the weight constraint. Table 2 illustrates a sample case of the problem (the
player’s goal is to find X):

Table 2: Illustration of the knapsack problem

W=1500

j 1 2 3 4 5 6 7 8 9
p 37 72 106 32 45 71 23 44 85
w 50 820 | 700 46 220 | 530 | 107 | 180 | 360
X 1 0 1 1 1 0 0 0 1

The knapsack problem is computationally complex and solving it poses algorithmic challenges.
In the general case, finding the items that form the optimal solution is computationally hard (NP-
complete). Heuristics may be applied to specific cases of the problem, but there is no one-fit-all
heuristic. The problem does not always lend itself to a decomposition and synthesis strategy nor
to an iterative strategy. Sometimes, the solver may need to drop the current course of solution and
start the process anew.

Several reasons led to the selection of the Burglar problem for the current experiment. The Bur-
glar problem is an intellective task, which has a demonstrable correct solution, but this solution is
difficult to verify. As demonstrated by Meloso, Copic, and Bossaerts (2009), the complexity of
the problem can be controlled by generating instances of the Burglar problem at various levels of
complexity. The naive framing of the problem, however, is easy to comprehend. Participants can
quickly grasp the idea behind the problem and focus on its computational challenges. Its compu-
tational and context-neutral nature lowers the threat to validity of the experiment that may origi-
nate from unexpected interpretations of the scenario.

The Prediction Market Platform

We used a commercial prediction market platform (www.inklingmarkets.com), which was con-
figured with the parameters of the Burglar problem. Each stock represented a sack, and its con-
tinuous price changes reflected the opinions of traders regarding the probability of the sack to be
part of the solution. Ideally, at market closing, stocks of sacks that belonged to the solution would
reach the price of 100 (local currency) and the price of others be nullified. In practice, however, a
stock rarely reached 100 as market activity diminished before stock prices reached this point. A
market correctly solved the problem when all stocks corresponding to sacks that constitute the
solution were listed highest in price. We can envision the burglar examining the market prices
and selecting sacks one by one from highest scoring to lowest scoring price until he can carry no
more.

The user interface of the original platform was translated to Hebrew and slightly modified to fa-
cilitate better integration into the experiment flow. The new interface combined the information
required during the experiment into two screens, the marketplace main screen (Figure 2) and the
trading screen (Figure 3), which opened once the trader clicked on the “quick trade” button. The
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main trading screen presented the Burglar problem solution form and continuously displayed
market-price changes and trader’s holdings. This modification made it easier for the traders to re-
evaluate their own solution with respect to changing market-price signals. The platform recorded
individual initial solutions to the Burglar problem, market price changes, and individual transac-
tions for further analysis.
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Figure 2: Marketplace screen (English translation added)
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Figure 3: Trading screen (English translation added)
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The Self-Efficacy Scale

Solving problems by means of prediction markets comprises of two interleaved modalities. The
trading activity requires that traders apply their skills and experience in the knowledge domain to
form an opinion regarding the expected outcome of a future event or a complex problem. At the
same time, by understanding how the current stock price relates to the opinion they formed on the
topic of trade, they need to apply their trading skills to form a transaction that will optimize the
use of their funds and maximize their profits. Both task modalities involve an element of uncer-
tainty and ambiguity, which makes the judgment of perceived efficacy even more challenging.

To capture the complex nature of the task, the design of the self-efficacy scale included two types
of items (Table 3). Four of the items, Prediction Markets Self-Efficacy (PMSE), related to self-
efficacy at the trading. They were based on a scale developed by Looney et al. (2006) for meas-
uring individual perceived efficacy at utilizing online technologies to accomplish investment-
related tasks such as employing investment strategy or identifying good investments.

Self-efficacy at solving the Burglar problem, Burglar Problem Self-Efficacy (BPSE), was meas-
ured by two items. The design of these items followed Bandura’s (1977) recommendation for
measuring unidimensional tasks along the magnitude dimension, i.e., the difficulty level, and the
dimension of self-efficacy strength. All items used a 6-point Likert scale following suggestions
by other researchers (Gist & Mitchell, 1992; Lee & Bobko, 1994; Marakas et al., 1998).

Table 3: The self-efficacy scale

Scale Item

I will succeed in applying a strategy that will maximize my profit when
trading in online prediction markets

I will succeed in identifying the correct solution while trading in online
PMSE | prediction markets

I will succeed in profiting from trading in online prediction markets

At market closing the value of my portfolio will be one of the top three in
the market

I will succeed in solving a medium level Burglar problem before the
opening of the market

I will succeed in solving a difficult Burglar problem before the opening of
the market

BPSE

The Experimental Procedure

Participants in an experiment, which was framed as a competition, were asked to solve a Burglar
problem and trade their solution in the marketplace. The experiment combined the questionnaire
for eliciting participants’ self-efficacy, a burglar problem module, and a marketplace for trading

individual solutions into a streamlined flow. The experiment took place in a computer lab under

controlled conditions. Each participant was assigned a dedicated computer and participants were
not allowed to exchange information.

Participants reported their self-efficacy by filling a questionnaire, which included demographic
guestions and the 6 items of the self-efficacy scale. Upon completion, the participants were ex-
posed to the main experiment scenario.

In the main scenario, participants had two minutes to solve an instance of the Burglar problem
individually and form their own solution to the problem. When time expired, participants entered
the marketplace to trade their solutions. During the trading process, participants could react to
market-price signals, change their original solution, and revise their trading decisions. Trading
time lasted 10-12 minutes, until market activity slowed to a halt. When the market closed, the
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final price of the stocks reflected the collective solution and the market was resolved according to
the correct solution known to the experimenter. The account balance of the participants was up-
dated based on their holdings and was displayed on a scoreboard. The highest ranking participant
received a symbolic prize.

As most of the participants were not familiar with the Burglar problem or with prediction markets
before the experiment, a training stage preceded the main part of the experiment. Training was
divided into two steps. First, participants were asked to cope for five minutes with the Burglar
problem only. This allowed participants sufficient time to understand the problem and experiment
with different solving techniques. In the second step, they trained on the complete experiment
scenario. It should be noted that the threat to internal validity of the experiment was reduced as
the Burglar problem does not lend itself to a fit-all heuristic, which the participant can learn dur-
ing the training sessions. Furthermore, after the training sessions the participants were not in-
formed of the correct solutions to the Burglar problems and could not objectively evaluate their
performance.

The variables that were derived from the questionnaire and system logs are described in Table 4.
Trader level variables were used to calculate the market level variables, which were used in the
analysis.

Table 4: Analysis variables

Variable Description Source
t_correct* | A binary indication of the correctness of the trader’s | Experiment
individual solution platform logs
t SE Trader’s self-efficacy at the task. A 6 items, 0-5 Self-report

Likert-type scale
m_correct | A binary indication of the correctness of the market | Market
solution. True if highest price ranking stocks platform logs
represent all sacks that constitute a correct solution,
False otherwise.

m_accuracy | Complement of the Root Mean Squared Error Market
(RMSE) of the final market price with respect to the | platform logs
ideal price
m_knowledge | Initial knowledge in the market. The proportion of Experiment
traders in the market who correctly identified the platform log
solution before entering the market
m_SE Mean t_SE for traders in the market Calculated

*(t=trader, m=market)

Results

632 Participants grouped in 47 markets participated in the experiments. The majority of the par-
ticipants were undergraduate and graduate students, studying a variety of fields in different col-
leges and universities in Israel. In order to reach an older and more mature population a number
of experiment sessions were conducted in a community setting, where the participants were invit-
ed to a social event that included a lecture on information markets followed by the experiment.
Figure 4 describes the distribution of participants by age and gender.
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Gender
m 20-35
m Male
m 35-50
Female
>50

Figure 4: participants’ age and gender

Individually, 21% of the traders succeeded in solving the Burglar problem before entering the
market to trade. Collectively, 40% of the markets correctly identified the solution as measured by
the m_correct flag (explained in Table 4). In 8 of the 47 markets no trader reached a correct solu-
tion before entering the market and none of these markets identified the correct solution. Out of
the remaining 39 markets that included at least one solver, 19 markets identified the correct solu-
tion.

The trader self-efficacy scale (t_SE) demonstrated high reliability (Cronbach a = 0.935) and
formed a unidimentional scale with all items loading above 0.85 on a single factor that explained
75% of the variance.

For each market a mean of traders’ self-efficacy (t_SE) was calculated to form the aggregate
measure of market self-efficacy (m_SE). The mean reliability within group, the rwWG index (an
estimate of the interrater agreement per market), was calculated to justify the use of m_SE as an
aggregate measure (LeBreton & Senter, 2008). In this case, the rWG index measured the variance
of the self-efficacy of traders in a market with respect to the uniform distribution variance. Theo-
retically, its values may range from 0 — when market-level self-efficacy is completely random —
to 1 — when all traders in the market exhibit the same level of self-efficacy. The resulting mean
value of 0.63 (n=47 markets) was slightly below the recommended value of 0.7 (Cohen, Doveh,
& Eick, 2001).

The correlations presented in Table 5 demonstrate that market-level knowledge is positively cor-
related with market accuracy and so is market-level self-efficacy, but to a lesser extent. A positive
correlation is also evident between knowledge and self-efficacy.

Table 5: Market-level correlations

acc;rac knowledge | m_SE
Knowledge | .628"
m_SE 329" 339"
Mean -.611 22 2.53
SD 135 162 403

"p<0.05, **p<0.001

Hierarchical regression was applied to determine the marginal contribution of market-level self-
efficacy to the initial market-level knowledge in predicting the accuracy of the market.
Knowledge was introduced first to the model, followed by m_SE. With all variables in the equa-
tion, the model was statistically significant (F(2, 44)=15.27, p<0.001) and the adjusted R? indicat-
ed that the model predicted 38% of variance in market accuracy. It is, however, evident from Ta-
ble 6 that market-level self-efficacy did not contribute to the model.
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Step | Variable R? F change B
change
1 knowledge .394 29.317 .584**
2 m_SE .015 1.132 131
**P<0.001
Discussion

Crowdsourcing for solutions to scientific, business and other problems has become common and
is supported by commercial platforms, e.g., Innocentive (www.innocentive.com) and NineSigma
(www.ninesigma.com), as well as non-commercial platforms such as Nasa Tournament Lab
(http://www.nasa.gov/coeci/ntl) and Challenge.gov. By providing access to independent and di-
verse individual problem solvers, crowdsourcing platforms facilitate original solutions to com-
plex problems. These platforms, however, support processes that are sponsored by an organiza-
tion and the “crowd” is directed and managed by these organizations. They do not entail collabo-
ration, coordination, or aggregation mechanisms that facilitate collective problem solving (Brab-
ham, 2012). The current research studied the process of collective problem-solving by collective-
intelligence platforms, prediction markets, which facilitate online collaboration among individual
problem-solvers through online interactivity and lie on the lightweight end of the social cohesion
spectrum of social computing platforms (Budhathoki & Haythornthwaite, 2013). The Discussion
will first elaborate on the interplay between the technical and functional perspectives of self-
efficacy at computer mediated problem-solving and will then explain how prior knowledge and
self-efficacy influence collective solutions in online collaborative environments.

Trading individual solutions on prediction markets involves two distinct yet interwoven activities.
Traders process information and knowledge to form their own solutions to the problem and at the
same time, they need to evaluate market signals conveyed through the market price, and decide
whether to take an action in the market or revise their solution. If they decide to trade, they need
to transform their judgment into a buying or selling transaction in a manner that will optimize the
use of their funds and maximize their profits. The complexity of the task and the operational envi-
ronment called for two self-efficacy measures (Table 3): PMSE measured self-efficacy at trading
in prediction markets, and BPSE measured self-efficacy at solving the burglar problem. Hypothe-
sis H1, which assumed that the measurement of self-efficacy at trading individual solutions on
prediction markets will yield two distinct constructs, rested on previous studies (Compeau &
Higgins, 1995; Looney, Valacich, & Akbulut, 2004; Marakas et al., 1998).

Factor analysis of PMSE and BPSE rendered a unidimensional construct, implying that partici-
pants did not differentiate between their efficacy at solving the Burglar problems and at trading
on prediction markets, as a result H1 is rejected. We suggest three possible explanations. The first
claims that since the two tasks are interleaved, the relation between their related efficacy beliefs is
not straightforward. The second explanation looks into aspects of experience and familiarity with
the task and the third suggests that the framing of the task has an important role in forming effica-
cy beliefs. In the following we unpack these explanations.

Looney et al. (2006) distinguish between activities that involve different skills, each confined to a
discrete domain, and activities that employ a blend of skills from two or more domains. In their
study of online financial trading they viewed computer self-efficacy and investment self-efficacy
as two distinct components, but combined online trading self-efficacy and perceived efficacy at
making the investment decisions into single construct that consisted of items in the form of: “I
can use an online investment web-site to choose investments wisely”. It is suggested that as the
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use of computer is more common in daily activities, especially for the millennial generation, self-
efficacy at both task components is blended into a single perception and individuals do not distin-
guish between their technical and functional efficacies. This may call for a revisit of earlier stud-

ies in the area of computer self-efficacy.

The dynamics of and interplay between the technical and functional components of composite
tasks, from the perspectives of performance and self-efficacy, mature over time as experience
builds up (Agarwal, Sambamurthy, & Stair, 2000; Mackay & Elam, 1992). Mackay and Elam
(1992) found that expertise in the computerized tool dominated the performance in the problem-
solving task and that functional knowledge was not enough to overcome lack of technical profi-
ciency. Agarwal et al. (2000) demonstrated that while computing self-efficacy has a significant
effect on the perceived efficacy in training of the first computer application, its effect diminishes
at the training of the next application. As most participants were not familiar with the Burglar
problem or trading on prediction markets, we may assume that self-efficacy at trading, i.e., the
technical skill, dominated the perceived efficacy at solving the Burglar problem and was the one
that was actually measured. Additional research, which would manipulate the maturity level of
the two self-efficacy components, can provide further insights into the maturation process of self-
efficacy in composite tasks.

Prior studies defined measurement models for self-efficacy at composite tasks by focusing on the
skill-sets required to accomplish the task (Agarwal et al., 2000; Compeau & Higgins, 1995;
Looney et al., 2006; Marakas et al., 1998). The lack of discrimination between the perceived effi-
cacies at the two skill components may suggest that cognitive processes that build efficacy beliefs
focus on the outcome of the activity rather than on the resources that are required to accomplish
it. The participants in our experiment were advised that as individuals, success would be meas-
ured by the value of their account at market closing. They must have been aware that success in
solving the problem would improve the chances of personal success; however, the measurement
of their personal success was linked to the market and not to the problem. We offer here a new
perspective to understanding the roots of efficacy beliefs and suggest that when individuals judge
their efficacy, they do not distinguish between the skill-sets that they apply; instead they focus on
the stated performance measure. This hypothesis, however, requires further research.

Another objective of this research was to evaluate the effectiveness of prediction markets as a
collective problem-solving platform and their resilience to behavioral biases. Benchmarking the
effectiveness of group processes dates back to early research in the field. Scholars compared the
percentage of individuals who correctly solved a problem to the percentage of groups who solved
the same problem and demonstrated that groups were more effective in solving an intellective
problem (Shaw, 1932). Later researchers claimed that this averaging method does not reflect the
potential of the collective process and that the effectiveness of the group should be evaluated with
respect to the effectiveness of the best of its members, especially for problems that cannot be de-
composed into discrete components (Steiner, 1972).

The current research demonstrated that while 21% of the traders correctly solved the problem
before entering the market, 40% of the markets reached the correct solution when measured by
the m_correct flag. This means that the market mechanism significantly amplified the ability of
the average individual to solve problems. However, when looking at market performance through
the “best member” performance lens, we see that markets with no individual solver did not identi-
fy the correct solution, and only 50% of the markets that included at least one correct solver ar-
rived at the correct solution. Does this mean that prediction markets are not effective platforms
for collective problem-solving? We claim that the effectiveness of social computing platforms in
solving problems should be measured by the averaging method and not by the best member
method.
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When an expert or knowledgeable person in a certain domain is available, there is no need to re-
vert to methods of collective problem solving. However, it is often the case that finding the best
problem-solver is like finding a needle in a haystack. Crowdsourcing platforms like Kaggle and
Innocentive offer prizes and rewards in order to draw the best problem-solvers out of the
“crowd”. Social computing platforms take a different approach. They facilitate access to a large
diverse pool of potential problem solvers and information resources with no guarantee that the
best problem-solver is present in the group. At the same time, they provide an infrastructure such
as an environment of social interaction, community building and aggregation methods, with the
hope that the combined effort will produce a good collective solution. As it is not guaranteed that
the expert participates in the collective effort, it is suggested that the performance of social com-
puting platform be measured by comparing the probability of the group coming up with the cor-
rect collective solution to that of the average individual. Based on this consideration we suggest
that prediction markets are an effective problem solving platform, confirming hypothesis H2. Fur-
thermore, this research claims that by adding an aggregation mechanism to crowdsourcing plat-
forms, the process of problem-solving can significantly improve.

In line with the efficient markets theory (Fama, 1970), the analysis of the data exhibited a high
positive correlation between the performance of the market, measured by its accuracy, and the
knowledge that traders introduced to the market (r=.628, p<0.001). The aim of this research was
to investigate the effect of self-efficacy, a personal social-cognitive disposition, on the collective
solution. While market-level self-efficacy positively correlated with the accuracy of the market
(r=.339, p<0.05), a hierarchical regression model demonstrated that it did not contribute to the
market accuracy beyond the prior knowledge of the traders. By rejecting hypothesis H3, this re-
search supports the position of the neoclassical economists and demonstrates that the market
mechanism is robust and prediction markets are resilient to self-efficacy biases.

This research relies on two theories that touch on social influence. Self-efficacy is a social-
cognitive theory that suggests that personal efficacy beliefs are mainly affected by the experience
of personal mastery, yet affective and social factors, such as vicarious experience and verbal per-
suasion, also play a role in the formation of the perception of self-efficacy. Theories of normative
and informational influence explain social influence in group processes. Normative influence the-
ory focuses on the position of the individual in the group, emphasizing motives such as seeking
social rewards and interpersonal relations. Informational influence theory emphasizes the task
dimension and the drive of the individual to reach an accurate outcome.

In prediction markets, the potential of normative influence is low as persistent social structures
are not created. Informational influence, however, may be present as the traders derive cues about
the opinions of other traders from the changing market price and the amount of stocks traded
(Guarnaschelli, Kwasnica, & Plott, 2003). These cues can be interpreted as vicarious experience,
which play a role in self-efficacy perception. The other social factor that affects self-efficacy,
verbal persuasion, does not play a role in this case as traders in real-life are anonymous and in
this experiment were asked not to interact with each other. Kaplan and Miller (1987) show that
informational influences are predominant in groups that deal with intellective issues; it was there-
fore hypothesized that self-efficacy perception of the individual will affect the collective out-
come. In the case of prediction markets, this hypothesis was rejected.

It would be interesting to investigate the influence of self-efficacy in collaborative problem-
solving platforms that exhibit more cohesive social structures. Two potential candidates for such
research are Polymath (Ball, 2014; Cranshaw & Kittur, 2011) and MathOverflow (Tausczik, Kit-
tur, & Kraut, 2014). The first addresses complex mathematical problems and incorporates an es-
tablished governance structure. The second is geared towards smaller mathematical problems and
engages a broad community of mathematicians, who are rewarded with kudos and badges.
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Conclusion

The objective of this research was to understand the manifestation of individual self-efficacy in
collective-intelligence processes and specifically, its effect on the collective outcome of predic-
tion markets that function as a problem-solving platform. To this end, 632 participants traded in
47 markets possible solutions to a complex, structured problem, the Burglar problem. Findings
show that prediction markets form an effective instrument for solving complex structured prob-
lems. On average, the collective solution of the market was better than the individual solution as
40% of the markets produced a correct solution to the problem vs. 21% of the individuals who
succeeded in solving the problem. This confirms hypothesis H2, which states that prediction mar-
kets perform better than individuals at solving complex problems. Hypothesis H3, which states
that controlling for market-level knowledge, higher level of combined self-efficacy of traders in
the market positively influences the collective solution, was rejected. Individual self-efficacy had
no contribution to the quality of the collective outcome beyond the knowledge that participants
introduce into the prediction market. These findings indicate that (a) the aggregation mechanism
of prediction markets, the market’s price function, is efficient and is resilient to biases that may
arise from individual perceived efficacy and (b) the market aggregates knowledge rather than af-
fective influences.

Another important finding of the research relates to the measurement of self-efficacy at comput-
er-mediated knowledge tasks, specifically those performed in a collective environment. It stems
from the rejection of hypothesis H1, which states that problem solving self-efficacy in prediction
markets yields two distinct constructs that distinguish between efficacy beliefs at trading and
problem-solving. The research demonstrated that although the task of trading in prediction mar-
kets involves two distinct skill-sets, one that relates to the knowledge component of the task and
one to its technical aspect, individuals perceive their activity in the task as holistic. From the per-
spective of their self-efficacy, the participants did not differentiate between the two components.
This finding contests earlier models of self-efficacy in the area of computer-mediated activities
that differentiate between computer proficiency and the knowledge skills. One of the reasons may
be that computers are no longer regarded by us as a tool but rather as a transparent extension of
our cognitive faculties.

The contribution of this research is two-fold. It enhances self-efficacy theory with the understand-
ing of self-efficacy at tasks that combine technical and functional components, tasks that are
common in today’s daily activities. Furthermore, it contributes an additional perspective to the
effectiveness of prediction markets as collective decision-making and problem-solving mecha-
nism. The findings substantiated their position as a collective platform within the plethora of or-
ganizational social computing platforms.

The research focused on collective problem-solving using prediction markets. It addressed only
one of the four categories of cognitive tasks that can benefit from social computing environments,
problem-solving, and studied it on a platform that entails limited social interaction. Further re-
search in needed to confirm that the findings of the current research hold for tasks of choice,
judgment, and estimation that are performed in cooperative computer mediated platforms with
more cohesive social structures.
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