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Pedimos que respondas a todas as perguntas apresentadas nas folhas de resposta do
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Abstract. This paper describes the design and construction of a platform for the
implementation of an automatic and interactive message handling system
through the use of Short Message Service (SMS), also known as texting, de-
vised to be used as support of a Psychology study. The platform was devised to
use low cost off-the-shelf parts, yet allowing the design of an efficient and ro-
bust system. The research that prompted the platform’s construction included
researchers from the Psychology and Education Department and the Computer
Science Department of the University of Beira Interior. The study’s goal is to
assess psychological changes of the research subjects after exposure to motiva-
tional SMS texts. The paper describes the strategies adopted to design the archi-
tecture of the platform and the setting in place of the system, including the
description of the used software and hardware. The source code of this system
is publicly available at the Assisted Living Computing and Telecommunications
(ALLab) website.

Keywords: SMS, messaging, mobile, off-the-shelf, psychology, self-regulation,
self-efficacy.

1 Introduction

It is considered that information and communication technologies play a major role in
all aspects of current human interactions in the so-called developed countries and in
particular for young humans.

Nowadays, mobile devices seem to be the first choice of graduate students to
communicate, organize, actualize and eventually learn [1], in particular if smart
phones are considered. When taken into account that only a very small percentage of
students are not avid texters, we can assume that text messaging is one of the most
privileged ways they use to communicate [2]. That might be why, even though the use

K. Saeed and V. SnéSel (Eds.): CISIM 2014, LNCS 8838, pp. 489-500, 2014.
© IFIP International Federation for Information Processing 2014
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of this technology is still taken with caution by colleges and lecturers, in the past dec-
ade there have been several studies concerning the use of Short Message Service
(SMS) in an educational context. So far SMS technology has been used to send stu-
dents administrative information [3], some educational content [4,5], or to send per-
suasive and motivational quotes [6], just to name some of its applications. Yet, there's
not much research in this particular area, therefore we are just starting to analyze how
SMS may be used as a tool to support teaching and learning in higher education.

With that in mind, in the context of research in the areas of Computer Science (CS)
and Pedagogical Supervision (PS) at the University of Beira Interior (UBI) it was
devised a joint research to study whether persuasive and motivational SMS texts
could be used to increase the student’s performance in mathematics classes, of stu-
dents from four different undergraduate courses. This was done through a study that
focused in establishing the effects of the SMS intervention in the student’s self-
regulated learning, general academic self-efficacy and learning strategies, and in-
volved the definition of the architecture supporting that study.

This paper focuses mainly in the description of the computational issues of the
study, although some other topics will be introduced to contextualize. As the results
of the psychology study are not available at this time, it’s not the goal of this paper to
present conclusions regarding the impact of the use of the platform in the study sub-
jects. The remainder of the paper is organized as follows: this paragraph concludes
section 1; Section 2 presents a very brief overview of the state of the art; Section 3
describes the system’s architecture; Implementation is discussed in Section 4; Section
5 concludes the paper, and references and acronyms are shown in the final part.

2 State of the Art

Globally, in the last decade, the telecommunications field has experienced a great
increase not only in network coverage, but also in technological innovation [7].
Furthermore text messaging is now so popular, it is being used by people of all ages
and technology expertise, and among university students texting is generalized [2,4].

Importing something as widespread as SMS and adapting it as a tool for teaching
and learning purposes is only natural [2] considering we’re not introducing something
entirely new to colleges and classrooms.

Today’s students use mobile phones and SMS, inside and outside school, therefore,
the research was developed to assess whether SMS could have a motivational impact,
as suggested by previous research [4,8].

In recent years, colleges and other higher education institutions have tried to come
up with ways to introduce mobile phones in ways that may enhance lecturers sup-
ported in pedagogy. This means that from a pedagogical perspective, there may be
opportunity to raise student engagement, considering the subjects studied at a higher
education level [7] and use pervasive technologies such as the SMS.

The popularity of SMS is believed to have inspired some lecturers to explore their
use in the educational context [9]. Besides studies that connect the usage of SMS with
weight loss [10,11] and smoking cessation [12], in recent years investigators from the
educational field have turned their sights into how this technology can be used in a
producible way in their own work places: high education institutions. We can find
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such studies in many parts of the world, but as not to be exhausting some examples of
such usage can be found in the following research: [3] published a study on how SMS
could be used to send administrative content to students; [4,5] that focused on how to
send educational contents through SMS; authors in [13] focused not only in the deliv-
ery of educational content, but also on how that might affect student engagement to
class assignments; and [14] focused on how SMS exchange in class could increase its
interactivity.

The development of the platform used in this study was made taking into consider-
ation the requirements defined by the main stakeholders, the Pedagogical Supervision
Master of Science (MSc) student and their supervisors. Although we found some
commercial solutions that fulfilled some of the requirements, we didn’t find an
integrated solution that complied with them all and since we had a tight budget and
tight time schedule to start the study, creating our own system architecture from the
ground up was the obvious choice, especially when taking into consideration that
there was previous expertise in this area and several in-house projects had been
already developed at an experimental level.

3 System Architecture

The system was build taking into consideration the requirements and challenges posed
by the psychology study it would be used for: (1) the system needs to work uninter-
rupted and unattended; (2) the system needs to address Mobile Network Operator
(MNO) fair use policies, by not sending large amounts of SMS texts in a very short
period of time; (3) the students have to receive a stream of messages at predefined
times; (4) some messages require answers making this an interactive question-
response system.

To comply with the requirements, a mechanism to control the message flow for
each student was needed, i.e., as each student responds on its own time, the message
being processed for a particular student may be different from the message of the
student that precedes him/her in the message queue.

The stream of SMS messages as well as the list of destinations were inserted as
elements of a database (DB). The questions themselves, the admissible answers and
the message flow was defined based on psychological validated literature as ex-
pressed in studies aiming to evaluate self-regulated learning and/or self-efficacy in the
same population[17,18], which will be explored outside this paper.

To manage this flow of messages, a script was created which connected questions
with their validated answers, and when admissible, gave predefined replies according
to admissible options presented to the study subjects. After this process, discussed in
more detail in the architecture section the script advances to the following question.

As to hardware it was decided to use three Global System for Mobile Communica-
tions (GSM) modems, one for each major Portuguese MNO: MEO (formerly known
as TMN), Vodafone and NOS (formerly known as Optimus) (all trademarks and
brands are property of their respective owners). This choice of operators was made
because the researchers were confident that almost all students had subscribed to one
of the free SMS plans that all MNO offer, which guaranteed that the research would
be carried out with no costs to the end user, even when answers were required.

Ed
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The modems were connected to a laptop via a powered universal serial bus (USB)
hub, because the modems were too large to connect directly to the laptop and because
that allowed extra power needed to support the modems, since the hub has an external
power supply. To assure that the laptop was always ready to exchange SMS, an Unin-
terruptible Power Supply (UPS) was added to the hardware to increase power supply

resiliency. The setting and operation of the solution cost 625€, as follows: Capital
Expenditure (CAPEX) summed 505€ by adding 300€ for the small laptop used, 100€
for the UPS, 5€ for the USB hub, and 75€ for the three GSM modems (25€ each in
average); Operational Expenditure (OPEX) summed 120€ (30€ per month), to allow

the payment of 10€ per each MNO subscription (these values refer to early 2014 and

include all legal taxes but not electricity expenses). Each Subscriber Identity Module
(SIM) card was purchased with a free SMS plan, so sending messages had no cost.
The architecture of the system is shown in Fig. 1.

DataDirectories

Read/Delte

.
p—

o |

Data

Task
Scheduler

==

Queries

Fig. 1. System architecture diagram

Concerning software, a decision was made to assign the SMS exchange functional-
ities and the handling of the received SMS’s to two separated processes, both sharing
access to the three directories created for each MNO (Fig. 2). Because each process
only has access to the directories of the assigned operator, each user only receives
SMS sent from the operator. As depicted in Fig. 1, the computer runs six processes,
each interacting with the DB, the computer’s file system and one of the MNO GSM
modems. One group of processes is in charge of processing the received messages
and replies and implementing the interactive feature of the system. The other group of
processes is in charge of sweeping its associated GSM modem, looking for incoming
messages and retrieving and storing these messages in the respective Inbox folder.
This group of processes is also in charge of sweeping the Outbox folder and sending
the found outgoing messages to its associated GSM modem. More details on the tasks
performed is given in Section 4.
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The system also relies on (Fig.1):

— a web application to schedule the SMS’s, add/remove users and disable the dis-
patch of messages to a given user, among others functionalities;

— a DB to store the messages (fext) to be scheduled, the auto-reply messages, the
users’ information, the replies received from the users and all additional support
tables;

— atask scheduler that creates the tasks requested from the web application.

No comparison between this solution and others available is given because most of
them aren’t neither free not open-source, which prevents comparability concerning,
the underlying used architecture.

H
k=]
Il

HEREE

Fig. 2. Directories tree for each Mobile Network Operator

4 Implementation

The research started when MSc students from the DPE decided to develop their dis-
sertations on the impacts of new technologies in the educational environment, but
only the study entitled “The efficacy of the intervention through SMS in the learn-
ing’s self-regulation and general academic self-efficacy in ungraduated students” will
be mentioned.

The study focus on the use of SMS with persuasive and supportive messages to
students from different courses: Computer Science Engineering, Electromechanical
Engineering, Electrical and Computers Engineering and Optometry - Vision Sciences,
which have in common poor academic performance and high dropout rate on their
respective mathematics class. A three stages process was followed: a pre-study, the
experiment, and a post-study. Both in the pre and post studies, the students were in-
vited to fill a socio-demographic and data questionnaire prepared and managed by the
DPE researchers and the experiment itself involves the use of the tool targeted by this
paper. This study also included other relevant questions such as the students’ mobile
phone number and the desired MNO it would communicate with.

The pre-study started by initially contacting teachers who lectured math to the
research subjects. The teachers were asked to collaborate and to make available 20
minutes of their first class of the semester for the researchers to invite students to
participate in their study. Afterwards, the complete questionnaires were separated by
course and class for the purpose of creating an experimental and a control group,
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where all classes and courses were represented: students were randomly rafted to one
of the groups, by course and class.

Around 300 students were invited to participate, but only 184 filled the initial pre-
study questionnaire; this roughly corresponds to the number of students met when
visiting the classes at the start of the semester.

Considering that along the semester dropouts might occur, we didn’t sort the stu-
dents equally between our experimental and control group, instead we sorted 110
students (60%) to the experimental group and the other 74 (40%) to the control group.

During the experiment stage, while students normally attended classes, students
rafted to the experimental group received a SMS twice a week, on Mondays and
Thursdays and those of the control group didn’t.

At the end of the semester the teachers lecturing the mathematics class were again
contacted and the students were invited to fill the same questionnaire, by course and
by class.

Regarding the computational side of the work, there were several decisions that led
to the system architecture being discussed. All the software was developed using C#
since it enables developers to easily create applications that run on the .NET Frame-
work and there is previous experience with this language and framework.

At a later time, outside the scope and goal of this paper, researchers will compare
scores between what students responded on the questionnaires pre and post-study,
aiming to analyze differences between the experimental and control groups, in an
attempt to assess whether receiving the texts modified the way students answered to
the same set of questions.

4.1  Processes

The choice to create two different processes for each MNO resulted from the analysis
made to the time spent between exchanging SMS messages, handling of received
messages, including creating an answer if needed, saving the message, etc., since it
wasn’t desirable that the solution stopped exchanging SMS texts each time it had to
handle received fexts, whether they came from students, or operators (promotions,
balance alerts, efc.). It was decided to call each of the processes “SMS Gateway”
(send/receive) and “Auto-reply agent” (manage received messages). Along with time
management, the other rationale for the separation of these two processes was to al-
low a layer of isolation between the management of the messages on the GSM mod-
ems (inbound and outbound), the management of messages received from a user, and
the implementation of the necessary interactivity feature.

The “SMS Gateway” searches for new files in the “Outbox” directory of the as-
signed MNO. If it finds a new file it will process it by sending the SMS text to the
recipients contained in the file, processing files in a first in first out manner using for
this the time stamp for the creation of the file.

Since the modem cannot send and receive messages at the same time, it was
decided to insert a delay between the dispatch of each message, not only to keep the
buffers from overflowing and resulting in a faulty service, but also to allow incoming
messages buffered at the MNO system to be delivered to the GSM modem and
retrieved and stored in the respective folder (“Inbox” folder). To further take advantage
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of the delay, this time lapse is used to verify if any other message has been received
at the modem, and if so download it from the SIM card to a file in the Inbox directory
created for this purpose, (c.f. Fig. 2). The SMSLib [15] library was implemented in
the gateways to easily exchange messages through the GSM modems, since it is an
Application Programming Interface (API) available and tested in the Microsoft .Net
framework.

The “Auto-reply agent” handles the received messages by always watching the
“Inbox” directory for new files. If it finds one or more files it will decide how to
handle them according to the system specifications: store it, delete it or answer it.

Internally, each of the outgoing message files has the following structure:
FLOW_ID*MESSAGE*LIST_OF_RECIPIENT_NUMBERS. In the given example
“230” represents the flow id of that message, the text to be sent spans from
“SMS30UBI:” until “participaste.” and +351000000000, +351111111111 and so on
are the recipients’ phone numbers, as shown in Fig. 3. The asterisk character “*”” was
used as field delimiter.

230*SMS30UBI: Esta ¢ a 0Ultima mensagem. Numa escala de 1 (nada util)

a 6 (muito util), indica o ntmero gque consideras reflectir a utilidade
do programa de SMS em que participaste. *+351000000000*+351111111111*+
351222222222%+351333333333*%+351444444444*+351555555555*+351666666666*+
351777777777*+351888888888*+351999999999

Fig. 3. Outgoing message example (in Portuguese, phone numbers anonymized)

The list of text recipients is never larger than 10, in order to allow the GSM modems
to receive incoming messages as the FAQ available in the SMSLib webpage suggests
that if the library is being used with GSM modems the rate at which it can send SMS
is about 6 messages per minute (a message each 10 seconds). However a compromise
was reached to send each message with a random interval of 10 to 15 seconds in order
to respect the fair use policy that each MNO demands from its’ users. By limiting the
amount of messages the system can send at once, it is guaranteed that no high priority
message has a delay of more than 150 seconds before being sent. This is particularly
relevant as the study aimed to implement a responsive interactive system to the user’s
point of view, thus allowing that, in the worst case scenario if a user’s response is
inversely buffered and all users respond at the same time to the received message, no
user is left without response for more than 40 seconds.

As each individual message is part of a predefined flow, and each user may interact
with the system at different points of each flow, the different messages have to be
identified by a flow identifier (flow id). The flow id identifies the message that is be-
ing sent, giving also information as to if this message is waiting for an answer and
what is the auto-reply to be delivered if the received answer is valid. The degree of
interactivity of the system is limited to one question, several possible answers, and
several corresponding replies, i.e., the dialog between the user and the system is
limited to the depth of question-response-acknowledgment messages (Fig. 4). Never-
theless, more complex flows can be devised and stored at the DB without any influ-
ence to the complexity of the other parts of the system itself.

Inside a message, the numbers in the list of recipients are separated by the same
control character used to separate the other fields (* in this example). The real
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control character is an extended ASCII character, chosen because it is highly
improbable that it would be used in the text of a message, preventing a risk/abuse
of the system. Message fext is encoded in UCS2, a Unicode encoding that uses a
16-bit character format and allows accented characters along with other special
ones (like ¢ with cedilla ‘¢’), in spite of losing the maximum length for each
message (from 160 to 70 characters).

flow_id1-TextMessage1
(doesnt require answer)

answer=6

(requires answer) (requires answer)

answer=N answer=Y answer=3 answer=4
v v

flow_id2.N flow_id2.Y flow_id4.N flow_id4.Y
N Y N LY

flow_id5-TextMessageS
(doesn't require answer)

answer=1
[ flow_id2-TextMessage2 ] flow_id4-TextMessaged

flow_id3-TextMessage3
(doesn't require answer)

Fig. 4. Abstract example of message flow

A scheme for the processing of messages is presented in Fig.5 and consists of the
system sending a message, leaving the system waiting for an answer. Assuming that
the message is received by the recipient, two scenarios might occur: (1) the recipient
sends one of the required response answers, this message is processed and a new mes-
sage (the corresponding auto-response) is issued; (2) the recipient responds when no
reply was expected: the response message is stored at the DB for further inspection
and an alarm is raised in the control panel of the system, allowing the unexpected
reply to be viewed by the system’s administrator. If a response is expected but the
user does not respond in a period of 1440 minutes (24 hours), the system administra-
tor can decide what to do, for example, advance the flow of the user or send the
message again (Fig.5).

4.2  Web Application

The application’s main objective is to manage the scheduling of outgoing messages
using a task scheduler, or preparing a message to be sent immediately, by creating
files which contain the information needed to send a SMS. Since in this study the
same message might be sent to several students at the same time, it was decided to
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create batches of files and each file has at most ten recipients. This way the process
processes a file with many recipients and does not consider an interruption to allow,
for example, the dispatch of a message might have a higher priority. Yet, as there are
several processes running in parallel, there may be the case where all three modems
are sending messages at the same time.

Save message in
database and
send auto-reply
(identified by flow id)

Save message in
database and
send auto-reply
(identified by flow id)

Waiting
answer?

Message
Sender

Save message in
database

Message Send
received answer

Recipient

Fig. 5. Message flow scheme

The referred files are created in the respective MNO “Outbox” folder if it’s a
message to be sent immediately or in the “Scheduled” folder if it’s a message des-
tined to be sent later, usually, at a predefined time. When a scheduled message is
created, the web application also creates the respective task in the Scheduler,
including the details concerning the file’s original location, when to move it, and
to what directory it should be moved. In this study it was decided that the initial
messages should always be sent between 18:30h and 20:30h, as not to disturb
classes or sleep of the recipients.

4.3 Database

Microsoft SQL server was chosen since it has an easy integration with the web appli-
cation (uses the same platform, the .NET framework), and it was used to save users
information (message recipients), messages flow, log the messages exchanged with
each user, courses’ information, among other aspects, and its structure is shown in
Fig. 6.

The following tables are responsible for the message flow control:

— Fluxo_EI — Has information about the flow identifier of each message, along with
the respective message, response for a positive answer, for a negative answer and
the type of message (if the message requires an answer or not);

— Fluxo_saida — Saves the sent message for each recipient, together with the respec-
tive timestamp, the flow at which corresponds and if the recipient has replied to the
message;

— Fluxo_entrada — Used to store received messages for each recipient, along with the
respective timestamp, the flow at which it corresponds and the text received.
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Fluxo entrada
¥ telemovel

Turno
¥ id_turno
turno

resposta texto

id_fluxo
7 timestamp_entrada

% Fluxo El
Contactos ~ ¥ id fluxo
9 telemovel B mensagem
id_operador - resposta_sim
e resposta_nao
id_curso Curso =
id_twmo 9 id_curso tipo_resposta
id_fluxo arso
participar B
humano 4§
Fluxo saida
ﬁ Q ¢ telemovel
T
id_fluxo
Operadores
operador resposta_dada
9 id_operador 7 timestamp_saica

Fig. 6. Database table structure

4.4  Task Scheduler

This component creates tasks via the web application consisting of the following: for
a given task, when the scheduled time arrives, the task scheduler will move the file
defined in the task from the “Scheduled” directory to the respective “Outbox” directo-
ry, which will then be found by the process that handles the outgoing messages
(“SMS Gateway”), sending them to the respective recipients.

It was decided to use the task scheduler available in the laptop operating system
(Windows 7) on the grounds that this was more than adequate for the needed feature,
therefore avoiding the creation of a proprietary task scheduler. This decision was also
possible because the computer used for this task was dedicated to this study alone and
no other scheduled tasks were added by other software components.

5 Conclusion and Future Work

Although the final results of the psychological study are neither the focus of this pa-
per, nor available at this time, we may draw conclusions as to functionality of the
support platform.

The auto-reply response time was generally perceived as very quick by the devel-
opers and the users, especially considering that it was an academic solution using low
cost off-the-shelf hardware and simple software. Yet, one student complained that he
couldn’t read the fexts. However when further questioned he told the researchers he
was using a very old mobile phone that he no longer had with him, making it imposs-
ible to identify a possible solution to this problem. In future tests, the researchers will
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devise a pre-test to confirm that every subject is able to receive messages in a reada-
ble format.

Taking in consideration that we have sent and received a considerable number of
messages (almost 7000), we conclude that the system ran as expected, having an up-
time of 100% and zero system crashes. All this was achieved using a low-end laptop
(Intel Atom N450, 1.66GHz clock, 2GB of RAM and a 64-bit operating system),
having a workload of almost 100%. Moreover, the design of the messages and the
request for replies was praised by several test subjects for being simple, user-friendly
and not being too time consuming. The developed software source code is available at
our research laboratory’s MediaWiki [16]. The fact that the system was built using
old off-the-shelf parts and components, and even so allowed for a free communication
between the system and the users, makes it clear that the system was the exact re-
sponse the requirements set. The system aimed not to abuse the MNO network with
massive SMS messages and the fair use principle that applies to each of the sub-
scribed plans was not violated.

It should be pointed out that the simplicity of this system allows for it to be easily
adapted to other studies, subjects or businesses, not being limited to students or even
academic environments (with the respective login account creation and credentials).
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Abstract — This paper describes a multidisciplinary study
that included teams from the Psychology and from the Computer
Science departments on the use of interactive Short Message
Service messages to assess psychological changes in self-efficacy
of Engineering students exposed to motivational and persuasive
texts. The paper presents the definition of the platform, the
configuration and setting in place of the system that handled the
exchange of automatic and interactive messages with the research
subjects, as well as the implementation and results of the
Psychology study. The assessment of the results of this
experiment, also presented, were obtained by comparing scores
of self-efficacy questionnaires given, pre and post study, to both
an experimental and a control group.

Keywords—Self-efficacy; SMS platform; texting; interactive
messaging.

L INTRODUCTION

During the last decades, self-efficacy, the capacity to
organize and execute actions in order to reach set goals, or a
measure certainty in being able to perform a given task [1], has
become an effective predictor of students’ motivations and
significant learnings. In fact, self-efficacy believes are credited
with influencing aspects of academic motivation such as
activity choice, effort to undertake tasks, persistency and
emotional reactions [2].

Various researchers have tried to analyze the relation
between sclf-efficacy and academic achievement. Resecarch
implies that sclf-cffective students are more willing to
undertake learning tasks, even those with a higher degree of
difficulty, to work harder, are more persistent [1,2,3,4],
organized, sclf-reliant, sclf-motivated and these students
evaluate their own performance in an attempt to maximize
efficacy and productivity of the learning process itself [5] . The
students which possess these traits are overall more likely to be
more academically accomplished, so it is only natural that
universities might try to find ways of improving students’ self-
efficacy.

Over the last decade mobile phone technology has become
an important tool for most citizens” everyday life, which casily
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explains the interest in using these devices in the university
campus [6]. It is acknowledged that smartphone and other
mobile devices are widespread through the students’
population, so the interest in bringing cell phones to the class
room is meant to answer not only students demands as their
own lack of motivation [7].

Short Message Service (SMS) is one of the most used
mobile phone applications [6]. Texting is so popular today that
it is used daily by people of all ages and technological
knowledge. Because fexting is usually free of charge, a lot of
people prefer texting to phone calls [8]. Students use SMS all
the time [9,10] because of its availability, convenience and low
cost [11], and researchers such as [8] consider that SMS usage
in the class room should even be encouraged as a means of
communication, when justifiable.

Research on the introduction of texting in the class room as
a learning tool is happening all over the world, predominantly
but not limited to the ficld of language learning. It has been
suggested that texting has the potential to enhance students
learning by allowing students to learn at their own pace [12].
Students themselves have said that, by using texts as a learning
tool, the learning process stops being limited by space and time
[13]. while storing study materials as a text allows them to read
the contents again and again [9], and receiving small pieces of
information is more practical [14].

Typically, freshman engineering degree students at the
University of Beira Interior (UBI), have a high dropout and
failure rate at maths class turning these students into the
obvious choice for this study. By comparing students’ scores
on the General Academic Sclf-efficacy Scale [15] pre and post
SMS program, the study aimed to learn whether the use of an
off-the-shelf platform for automatic and interactive text
messaging using Short Message Service, could improve the of
the students.

The present study was developed by a multidisciplinary
team from the Department of Psychology and Education (DPE)
and the Assisted Living Computing and Telecommunications
Laboratory (ALLab) of the Department of Computer Science
(DCS) of UBI. The DPE members previously validated the
scale applied pre and post program and applied said scale at the
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beginning and at the end of a 16 weeks period, more or less
equivalent to a whole semester. The ALLab team was
responsible for developing an off-the-shelf platform for
automatic and interactive text messaging using Short Message
Service, which had to take into consideration the requirements
of the psychological study. The motivational and persuasive
text messages sent to students through the program developed
by DCS were devised by all the researchers according to data
collected from selected literature. To the authors’ best
knowledge this is an innovative approach to the assessment of
SMS messages as a mean to improve self-efficacy in university
students.

The remainder of this paper is organized as follows: this
paragraph concludes section I, the Introduction, where
motivations, framework and research goals were outlined;
section II follows, describing the research method used; section
III presents the architecture of the implemented SMS platform;
section IV presents the psychological tools used: section V
describes and discusses the results obtained; and finally,
section VI concludes the paper presenting conclusions and
future work.

II.  RESEARCH METHOD

A. Participants

Participants in this study had to meet the following
inclusion criteria: being 18 years old or older and being
enrolled in the classes targeted by this research. Because
participation was voluntary, a total of 84 participants from all
four degrees were used: this number includes students that
participated in all stages of the program without dropping out.

Participants are characterized as follows: all students live
in continental Portugal and 55 are males (65.5%), while the
remaining 29 were females (34.5%). The age mean score for
the participants was 20.35 years with a standard deviation of
+2.90.

All the participants were enrolled in an undergraduate
degree, and the distribution by degree was as follows: 48.8%
from Computer Science Engineering (CSE), 32.1% from
Optometry (OPT), 15.5% from Electromechanic Engineering
(EE) and 3,6% Electrotechnic and Computer Engineering
(ECE).

UBI follows the Bologna Process which means that these
undergraduate studies regular scope consists of 3 years. From
the total of participants, 46 (54.8%) are freshman, having
enrolled at UBI in 2013. The remaining students 38 (45.2%)
are repeating the maths disciplines targeted in this research; 21
(63.6%) are enrolled in the 2™ year and 12 (36.4%) are
enrolled in the 3™ and last year of their respective courses.

After the participants filled the pre-intervention scale they
were divided into the experimental and the control group.
Participants were randomly rafted by degree and class for
representation purposes. Because the maths classes had a
history of high student dropout when rafting students the
experimental group ended up with 50 students (59.5%) and the
control group 34 (40.5%).
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B.  Measures

1. Socio-demographic questionnaire

The DPE researchers built a socio-demographic
questionnaire for this research, which intended to gather
information concerning age, gender, degree, class, student
status (first time in the course or repeating student), work status
(full time student or half time student), and data concerning his
grade history in secondary school both in maths and in the
classes used to apply to university. Additionally participants
were required to inform the researchers on their preferred cell
phone operator and voluntarily give their personal cell phone
number, only for the purpose of exchanging the program texts
with the students rafted to the experimental group.

2. General Academic Self-efficacy Scale [15]

Self-efficacy was measured using the Portuguese version of
the Self-efficacy general academic questionnaire [16]. This
scale contains 9 items on a 5-point Likert scale (1=in total
disagreement to 5=in total agreement). A sum of all scores
yield a total score that ranges from 9 to 45; higher scores
indicate higher self-efficacy. The Cronbach consistency
coefficients of the adapted Portuguese form was 0.890, and a
principal components factor analysis with varimax orthogonal
rotation revealed only one factor structure, as found in the
original study.

C. Procedure

The research resulted from a proposition by students aiming
to develop their dissertations about the impacts of new
technologies in the educational environment.

After defining the aim and framework of this 3 stages
research (pre-intervention, intervention, and post-intervention),
the researchers contacted the Department of Mathematics to
schedule the data collection, with students from the courses of
CSE. EE, ECE and OPT, where their mathematics class had
poor school performance and high dropout rate.

The research was devised as an experimental research with
an experimental and a control group set. A set of two variables
was used. An independent variable: whether students received
or not the SMS in the program’s scope, and a dependent
variable: university students’ self-efficacy.

Permission for participation was obtained by contacting the
professors that taught those classes, asking to have the
questionnaires filled during the class. Finally these students
themselves were invited to participate in the research, and in
case of acceptance fill the pre-program questionnaire.
Completion of the questionnaires was anonymous and there
was a guarantee of confidentiality. The instrument was
administered to the students while in the math classes.

The research’s chronogram was as follows:

- October 2013 to January 2014: platform development by
the ALLab researchers;
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