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Preface

We are proud to present the proceedings of the second International Conference on
Smart Learning Ecosystems and Regional Developments (SLERD2017). Following
a successful first edition in Timisoara, Romania, in 2016, the conference was
organized in 2017 in Aveiro, Portugal. SLERD2017 was hosted by CIC
Digital/DigiMedia Research Group at the University of Aveiro, in the period June
22–23, 2017. DigiMedia1—Digital Media and Interaction is an interdisciplinary
research group focusing on innovation in the design of new interaction approaches
for human-centered digital media applications aiming to foster interpersonal and
community-oriented communication.

The conference was co-organized by the ASLERD (Association for Smart
Learning Ecosystems and Regional Development2 an international no-profit inter-
disciplinary, democratic, scientific-professional Association that is committed to
support learning ecosystems to get smarter and play a central role to regional
development and social innovation. “Smart,” thus, are not simply technology-
enhanced learning ecosystems but, rather, learning ecosystems that promote the
multidimensional well-being of all players of learning process (i.e., students, pro-
fessors, administrative personnel and technicians, territorial stakeholders, and, for
the schools, parents) and that contribute to the increase of the social capital of a
“region,” also thanks to the mediation of the technologies. ASLERD, thus, aims at
generating a concrete impact by understanding learning ecosystems and accom-
panying design for “smartness,” fostering the development of policies and action
plans, supporting technological impact well beyond prototypes and pilots, pro-
moting networking and opportunities to discuss and debate like the SLERD yearly
conference.

SLERD 2017 aimed at promoting reflection and discussion concerning R&D
work, policies, case studies, entrepreneur experiences with a special focus on
understanding how relevant the smart learning ecosystems (schools, campus,

1DigiMedia - http://digimedia.web.ua.pt/.
2ASLERD - https://en.wikipedia.org/wiki/ASLERD.
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working places, informal learning contexts, etc.) are for regional development and
social innovation and how the effectiveness of the relation of citizens and smart
ecosystems can be boosted. The conference had a special interest in understanding
how technology-mediated instruments can foster the citizen’s engagement with
learning ecosystems and territories, namely by understanding innovative human-
centric design and development models/techniques, education/training practices,
informal social learning, innovative citizen-driven policies, technology-mediated
experiences and their impact. This set of concerns contributes to foster the social
innovation sectors and ICT and economic development and deployment strategies
alongside new policies for smarter proactive citizens.

Overall, we received 38 unique submissions from 19 countries, demonstrating
the global interest for this research area and for SLERD2017. Out of the total
submissions, after a rigorous double-blind peer-review and meta-review process,
we accepted 12 full papers and 10 short papers. To complement the oral presen-
tations of short and full papers, the SLERD2017 program also included presenta-
tions of the best ideas from the 2017 international and local student contests (not
included in these proceedings). These competitions challenged local and interna-
tional students to propose ideas and proofs of concept/prototypes to make learning
ecosystems smarter.

The selected scientific papers aim to understand, conceive, and promote inno-
vative human-centric design and development methods, education/training prac-
tices, informal social learning, and citizen-driven policies. The papers are organized
mirroring the main conference sessions in three themes, namely (i) the elaboration
on the notion of smart learning ecosystems; (ii) the investigation of the relation of
smart learning ecosystems with their territory; and (iii) the identification of
resources for smart learning.

SLERD 2017 contributes to foster the social innovation sectors, identifying and
discussing ICT and economic development and deployment strategies alongside
with new policies for smarter proactive citizens. The proceedings are relevant for
both researchers and policy makers.

In summary, SLERD2017 offered an exciting program that provided an excellent
overview of the state of the art in smart learning ecosystems and was an occasion
for bringing research forward and creating new networks.

We are very proud of the final selection of papers, which would not have been
possible without the effort and support of our excellent Conference and Program
Committees, including more than 50 international researchers. We would like to
thank all the ones who, in different roles, have contributed their time to organize the
event with enthusiasm and commitment.

April 2017 Monica Divitini
Óscar Mealha

Matthias Rehm
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Mobile Seamless Learning Tool for Cancer Education

Nuno Ribeiro1,2(✉), Luís Moreira3,
Ana Margarida Pisco Almeida2, and Filipe Santos-Silva1

1 Instituto de Investigação e Inovação em Saúde, Porto, Portugal
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2 Universidade de Aveiro, Aveiro, Portugal
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3 Instituto Piaget, Vila Nova de Gaia, Portugal
luis.moreira@gaia.ipiaget.pt

Abstract. Mobile seamless learning provides the foundation for new digital
solutions capable of adapting the contents to the learner needs and contexts.
Studies have shown that cancer prevention knowledge remains reduced in modern
societies. Given the worldwide burden of cancer, there is a need to increase cancer
literacy in the populations, namely through the development of innovative strat‐
egies. This paper describes a 3 months two-arm quasi-experimental effectiveness
study of a new mobile seamless learning tool for cancer education. Results
showed that this application significantly increased cancer prevention knowledge
of the users when compared to a control population (p < 0.001). This study
provides evidence that a mobile seamless education tool can merge into the users’
daily routine increasing users’ knowledge by providing relevant cancer preven‐
tion information through messages delivered over an extended period of time.
These innovative health education solutions will further expand the context of a
smart learning ecosystem.

Keywords: Mobile learning · Seamless learning · Cancer prevention · Cancer
literacy · Smartphone app

1 Introduction

A smart learning ecosystem can be described as a means to enable learning processes
by removing or lowering barriers (Giovannella 2014). In this sense, mobile learning
plays a very important role since it breaks down barriers and allows learning to take
place in different contexts, enriching the learning processes (Park 2011). Mobile devices
can be seen as “learning hubs”, giving ubiquitous access to knowledge and connecting
individual learners to communities of learners and physical or digital places. This is the
underlying concept of mobile seamless learning, where a learner can learn in a variety
of scenarios and contexts that can be easily switched given that it is mediated by a
personal mobile device (Wong 2012). Mobile devices can make the educational process
“just in time, just enough and just for me” (Peters 2007).

Smart cities are, in part, characterized by the emphasis on sustainable use of resources
aimed at improving the well being of societies and the quality of life of its citizens

© Springer International Publishing AG 2018
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(Giovannella et al. 2012). On the other hand, cancer is set to become a major cause of
morbidity and mortality in the coming decades in the world, thus representing an
increasingly bigger burden on society (Bray et al. 2012). There is a need to develop
smarter learning ecosystems regarding effective primary prevention strategies that might
increase cancer awareness with corresponding healthier behaviours and early disease
detection. Recent studies have shown some concerning results: general knowledge of
certain cancer risk factors (such as alcohol, red and processed meats, low amounts of
fruit and vegetables) and prevention behaviours remains alarmingly low (American
Institute for Cancer Research 2017; Costa et al. 2016; Peacey et al. 2006; Sherman and
Lane 2014). This calls for the need to better promote cancer literacy (Diviani and Schulz
2011) among the general public.

Smartphone applications can have a relevant role in these processes and have been
pointed out as important tools to promote cancer prevention. A quick search in a major
smartphone app distribution store such as Apple App Store or Google Play Store reveals
several thousand health-related apps designed to promote smoking cessation, healthy
eating, and other behaviours related with reduced risk of cancer. However, most of them
lack scientifically validated data and haven’t yet been tested in research studies to deter‐
mine their effectiveness (Coughlin et al. 2016; Pandey et al. 2013).

The aim of this study was to assess the effectiveness of Happy, a cancer prevention
smartphone app, as a mobile seamless learning tool for cancer education, which is based,
among other features, on tailored messages adjusted to the users’ context (location, time
of day, week and month, weather conditions).

2 Methods

2.1 Happy, a Mobile Seamless Learning Tool for Cancer Education

Happy (Health Awareness and Prevention Personalized for You) is a cancer prevention
smartphone app that aims to help users learn about cancer prevention in order to persuade
them to make healthier choices, thus reducing their personal risk of developing several
types of cancer.

Happy is based on the principle of tailoring, i.e., using information on a given indi‐
vidual/profile to determine what specific content he or she will receive (Hawkins et al.
2008). When users access Happy for the first time, they are required to answer a behav‐
iour assessment questionnaire (Fig. 1a). The data collected allows the definition of the
user profile and determines the current level of cancer prevention, called HappyScore
(Fig. 1b). The HappyScore is represented on the landing page allowing the users to self-
monitor their behaviour in a glanceable way.

Happy sends one tailored cancer prevention message a day to each user (Fig. 1c).
This allows learning to occur through time in a non-intensive way, lowering the user
burden and avoiding user rejection.

4 N. Ribeiro et al.



Fig. 1. Screenshots of the smartphone app Happy: (a) Sample question from the behaviour
assessment questionnaire; (b) Landing page (HappyScore = 100); (c) Tailored cancer prevention
message

The user profile is also used to tailor the cancer education messages sent to each user.
Additionally, messages are tailored accordingly to the users’ context (location, time of
day, week and month, weather conditions). When a user is located in a target place, the
message sent to her will take this in consideration, increasing the relevance and adequacy
of the message content to the user (Table 1). The effort of tailoring messages to the users’
profile and context is important because it allows the delivery of cancer prevention
messages with less redundant information, that are more likely to be remembered and
processed by the receiver (Hawkins et al. 2008). Also, it provides the needed adaptive
flexibility to the app that allows mobile seamless education to occur. A total of 1,120
messages were developed. Messages follow the European Code Against Cancer guide‐
lines (Schüz et al. 2015) and target specific risk factors of cancer, providing educational
information.

Happy also allows behaviour monitoring. Users can track their behaviour by
answering behaviour questions that are sent to them periodically by the app (1 each day)
or by deliberately entering behaviour data. These behaviour assessments allow two
different things in the context of the app. They are used to:

• update the user profile over time. This allows message tailoring to occur concurrently
to the changes in behaviour emphasizing the risk factors that matter most to that user;

• recalculate the users’ HappyScore. This shows the user the cause and effect link of
a particular behaviour to the level of cancer prevention, an intense and very personal
learning experience.

Happy also has a section that allows users to connect to each other, facilitating
communication between them and a section with healthy challenges meant to engage
the users with the app.

Mobile Seamless Learning Tool for Cancer Education 5



2.2 Study Design

A two-arm quasi-experimental design was used with baseline (at study enrolment) and
post-test (3 months later) assessments. All elements in the intervention group used the
smartphone app Happy whereas the elements of the control group didn’t. All app users
(n = 3,252) received an email with a link to an online questionnaire in the beginning of
the study. Users that answered the questionnaire and had more than 18 years were
included in the intervention group. The same email was sent to a mailing list from
University of Aveiro (n = 2,558). Every individual that answered the questionnaire, had
a smartphone and had more than 18 years was included in the control group. Three
months later, all study participants received a new email requiring them to answer the
same online questionnaire a second time.

The online questionnaire consisted in two groups of questions:

• Sociodemographic characterization: age, gender, education, and email address;
• Knowledge assessment: 15 multiple choice questions concerning several dimensions

of cancer prevention (risk factors, epidemiology and behaviour guidelines).

The primary outcome of the study was knowledge, measured as the difference
between baseline and post-test knowledge assessments. The differences between base‐
line and post-test knowledge assessments were tested using independent and paired
samples t tests (inter and intra groups, respectively).

Table 1. Examples of tailored cancer education messages used in the app

Tailored message Trigger context
Enjoying the beach? Beware: clouds don’t
protect from UV rays! Wear sunscreen and look
for a shade. Be happy

Time of day: 12 h to 16 h
UV index: >6
Temperature: >18°C
Weather: Cloudy
Location: Beach

Cervix cancer is the second deadliest form of
cancer among young women. Don’t risk your
life. Book an appointment with your
gynaecologist. Be happy

Profile: female, more than one year since last
pap smear
Time of week: Monday to Friday
Time of day: 10 h to 20 h

At the supermarket? Did you know that by
reducing the amount of salt you’re reducing
your stomach cancer risk? Avoid foods that
come in a package like chips. Be happy

Profile: high salt consumption
Time of day: 10 h to 20 h
Location: Supermarket

Going out? Did you now that drinking alcohol
raises your risk of cancer? Don’t drink. If you
do, stick to one drink a night. Be happy

Profile: alcohol drinker, female
Time of day: 21 h to 23 h
Time of week: Thursday, Friday or Saturday
Location: Bar/Disco

6 N. Ribeiro et al.



3 Results

3.1 Participants

As shown in Fig. 2, a total of 3,252 and 2,558 participants were eligible for the inter‐
vention and control groups, respectively. Of these, 523 (16.1%) and 103 (4.0%) answered
the baseline questionnaire. In the post-test assessment, 401 (76.7%) and 22 (21.3%)
didn’t answer the questionnaire and, thus, were lost to follow-up in the intervention and
control groups respectively. One participant was excluded from the control group
because she downloaded and used the intervention app.

Fig. 2. Enrolment overview

Participant characteristics are presented in Table 2. Participants were predominantly
31 to 40 years old (39.3%), female (77.6%), and had a college degree (86.1%).

Mobile Seamless Learning Tool for Cancer Education 7



Table 2. Demographic characteristics of study participants, n (%)

All (n = 201) Intervention group (n = 121) Control group
(n = 80)

Gender Female 156 (77.6) 93 (76.9) 63 (78.8)
Male 45 (22.4) 28 (23.1) 17 (21.3)

Age 18–25 years 73 (36.3) 33 (27.3) 40 (50.0)
26–30 years 49 (24.4) 26 (21.5) 23 (28.8)
31–40 years 79 (39.3) 62 (51.2) 17 (21.3)

Education Undergraduate 28 (13.9) 16 (13.2) 12 (15.0)
Graduate 173 (86.1) 105 (86.8) 68 (85.0)

3.2 Knowledge Assessment

Figure 3 shows the baseline and post-test knowledge assessment results. A significant
increase in knowledge was observed on the intervention group, with a mean increase of
0.08 points (p < 0.001), from 0.66 (baseline) to 0.74 (post-test). Knowledge remained
almost equal on the control group, from 0.70 (baseline) to 0.71 (post-test), a mean
difference of only 0.01 points. The differences between groups in the post-test were also
significant (p < 0.001).

Fig. 3. Baseline and post-test knowledge assessment results

4 Discussion and Conclusion

Smart learning ecosystems have the potential to revolutionize the way we look at educa‐
tion. Mobile devices, as “learning hubs”, are at the core of this revolution. They provide
the means to implement seamless learning systems, allowing learning to occur through
numerous contexts and moments in time. This study aimed at assessing the effectiveness

8 N. Ribeiro et al.



of Happy, a cancer prevention smartphone app, as a mobile seamless education tool for
cancer education. Happy uses tailored cancer prevention messages as the main way to
seamlessly educate users about cancer prevention. Users receive one message per day,
tailored to the profile and physical context of the user. This allows the delivery of relevant
cancer prevention messages that are more likely to be remembered and processed by the
receiver. The app is designed to adapt to behaviour changes that might occur in users,
guaranteeing that the content delivered is always relevant for the user.

The study was conducted with 201 participants distributed in two groups (interven‐
tion and control). Participants were mainly 31 to 40 years old, female and had a college
degree. At baseline, knowledge assessment showed that both groups had a similar level
of cancer prevention knowledge: 0.66 and 0.70 in the intervention and control group,
respectively. The intervention group used the app for 3 months, whereas the control
group didn’t receive any intervention. The results of the post-test revealed that the level
of cancer prevention knowledge remained the same in the control group and significantly
increased in the intervention group (p < 0.001). This suggests that the app effectively
contributed to changes in terms of cancer prevention knowledge. It’s worth noting that
this was a low burden intervention (users only received one message per day) and that
the app was used in the context of everyday lives. Thus, this study provides evidence
that a mobile seamless learning tool can be merged into the users’ daily routine and still
influence users’ knowledge by providing relevant cancer prevention information
through messages sent over an extended period of time (3 months). Happy was devel‐
oped as a “just in time, just enough and just for me” cancer education tool. In this sense,
it proved to be a good strategy to provide relevant cancer education content and, thus,
increase cancer literacy in the studied population.

The proposed approach described in this article was based on a model that can be
applied to different contexts, opening new possibilities in other educational themes or
by integrating a larger smart learning ecosystem. More than an end solution to a problem,
this approach should be seen as a means to provide continuity from formal to informal
educational contexts, eliminating barriers in the learning process and contributing to
create new modalities that enhance learning experiences in different domains and
scenarios.
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Abstract. Special needs education is focusing on a complex interplay of cogni‐
tive (knowledge), physical (motor rehabilitation), and social (interaction)
learning. There is a strong discrepancy between the institutional spaces in which
learning takes place and the need for scaffolding these levels of learning. In this
paper, we present a first part of an ongoing collaboration with a special needs
education facility for adolescents with congenital and acquired brain damage, that
is interested in exploring the transformation of the institutional space into a smart
learning ecosystem. We exemplify our research approach with a case study of a
corridor in the institution that serves as a testbed for the involvement of all parties,
i.e. residents, staff, management, in this transformation process.

Keywords: Smart learning ecosystem · Social practice · Co-creation · Brain
damage

1 Introduction

One crucial aspect of smart learning ecosystems (SLEs) is their perspective change in
terms of where education or learning takes place. The concept of SLEs allows for re-
thinking traditional learning institutions tasks, creating room for informal and experi‐
ential learning and by doing so changing/modifying/adapting traditional learning
approaches as well as the actual layout and design for the built environment. While this
can be beneficial for all learners, we claim that it will be especially beneficial for learners
that are challenged by the traditional educational system.

In this paper, we present a case study that investigates potentials for out-of-class
learning for adolescents with congenital brain damage1. This study was done in the
context of a long-term collaboration with a residency and rehabilitation center for
adolescents (age 16–20) with moderate to serious brain injuries, both acquired and
congenital. During their stay, adolescents participate in a three- to four-year educational
program that is tailored to individual challenges and abilities and aims at improving

1 The term congenital brain injury bundles various 'disorders' bound to a damage to the brain
before, while of briefly after birth (Clemmensen-Madsen 2004).
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cognitive, physical and social abilities. Thus, any attempt at transforming the institu‐
tional space into a smart learning ecosystem must tailor to at least one of these objectives,
i.e. either contribute to cognitive development (e.g. conveying knowledge or reasoning
skills), physical development (e.g. training motoric skills like moving an arm), or social
skills (e.g. scaffolding social interaction or collaborative tasks).

In the center, each resident has its own apartment and is supported by an interdisci‐
plinary team (therapists, pedagogues, social and health care workers). In discussions
with staff and management a specific part of the building, a corridor, emerged as a space
that seems to serve as an informal meeting place but does not encourage any interaction
between residents. The decision to investigate this corridor also decided the potential
group of users as the corridor is in the section for adolescents with congenital brain
damage. All but one of the adolescents we observed were using a wheel chair, some of
them could use it alone while others needed assistance. Some of the adolescents can
talk, others use sounds, gestures, communication books or technologies steered with
their hands or eyes for communication.

2 Related Work

We have argued above that SLEs might be especially beneficial for challenged learners
and the realization of SLEs in traditional learning institutions might benefit this group.
Schreiber-Barsch (2017) analyzes the role of space in relation to lifelong learning on
the background of the UN Convention on the Rights of Persons with Disabilities and
highlights the importance of the built environment for in- or excluding citizens from
learning opportunities. This is also evident within disability studies that discuss the
physical design of space as a crucial aspect of excluding, marginalizing and oppressing
people with disabilities (Titchkosky 2011; Freund 2010; Imrie and Kumar 1998; Kitchin
1998; Hahn 1986). A prominent example for this organization is the segregation of
people with disabilities to certain locations like schools or centers often outside or at the
margins of the urban environment (which is also true for our collaboration partner).

Most studies touching on aspects of smart learning environments are though
concerned with school or university class rooms, presumably due to intimate knowledge
of the involved researchers with this context. The study presented by Jayasainan and
Rekhraj (2015) reports on the potentials of scaffolding social engagement, informal
learning, dialogue, and group work. The main advantage is seen in enabling learners to
become stakeholders in their own learning process and thus assuming responsibility for
their learning success. Of course, changing the space, itself is not automatically creating
collaboration between learners, but it creates a place that encourages and supports a
change in learning/pedagogical strategies (Divaharan et al. 2017). Divaharan and collea‐
gues make it clear that such a change must be supported by the people engaged in the
social practice of learning at the institution, i.e. teachers, learners and management alike.

Grigsby (2015) as well as Bilandzic and Foth (2014) analyze how a different tradi‐
tional learning institution, i.e. the library, can change to become a smart learning envi‐
ronment as a hub of social learning and collaborative exploration of knowledge by
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embracing current technological trends, re-thinking the role of libraries, and re-
designing the built environment of the library to cater to this development. On a more
fundamental level shows Brooks (2011) the positive effect of technology-enhanced
learning environments on learning outcome, highlighting the importance of the technical
layer of smart learning environments.

In respect to the further transformation of the institution into a smart learning envi‐
ronment, Benze and Walter (2017) argue that involving citizens (in their case children
and young people) into the planning activities of a given urban space will not only further
learning about this space but has the chance to understand and take part in the intricate
network of stakeholders involved in negotiating the future development of a space. This
opens an interesting avenue of exploration for the overall process of transforming the
whole institution into a smart learning environment. This also opens the question on
who is going to conceptualize the space and its possibilities. Jornet and Jahreie (2013)
describe that research usually focuses on analyzing user experience post-factum, i.e.
when the design process has already resulted in a product. Instead they argue that it is
worth looking at how the conceptualization of the space is negotiated in the design
process, and by whom. With the example from designing a hybrid learning space for a
museum, they show how the use of prototypes can become powerful tools for discussing
the potentials of the space. Although they embrace the idea of analyzing the design
process, they do not consider user involvement in this process.

As a side note, we are well aware of the discussion about the difference between
space and place (e.g. Dourish 2006; Knox and Fincher 2013) but refrain from getting
into this discussion here. Our concern is mainly with transforming the space inside the
institution to enable user to engage in meaningful (learning) interactions, which will
turn this space into places for the individual users. But those subjective interpretations
of the space are not our concern.

3 Research Approach

Our research approach is in line with the approach described in depth in Rehm et al.
(2016) for the specific case of developing social robots for institutional care settings.2
In principle, we are an interdisciplinary team that is driven by the idea of developing
technology together with users and stakeholders. We are specifically not user-centered
but aim a co-creation of technology. We like to stress this point, because we have the
feeling that current reports on user-centered design are often only marginally involving
users. Thus, we embrace the idea of co-creation instead, where we rely on our specific
users throughout the whole process. Because we work in institutional settings this means
we cannot engage with single individuals but have to engage with a network of persons
with diverse perspectives, from residents and their relatives over care personnel to
management. Our goal is to identify social practices where the introduction of tech‐
nology could make sense in the specific case, e.g. by increasing independence of resi‐
dents or by freeing up time of staff, allowing them to concentrate on their core

2 See also http://si.ehci.dk for an overview of projects and project partners.
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competences. To this end, we build on a mix of methods from social sciences, human‐
ities, and engineering allowing for gaining on the one hand a deep insight into the social
practices surrounding the life of the residents in the institution and on the other hand a
similar insight into the institutional rationales that will play a crucial part when intro‐
ducing new technologies. Based on these insights we can develop targeted technological
interventions that are based on real challenges residents and staff face in their daily life.

4 Analyzing Practices of Corridor Use

As mentioned in the introduction, we decided to work with the main corridor in one of
the buildings. Figure 1 is a schematic drawing of the corridor highlighting the length as
well as the different functions of the rooms that are located in this corridor, ranging from
apartments over offices to therapy rooms. Figure 2 shows some impressions from the
corridor, the left image taken at the entrance (corresponding to the left-most point of the
drawing in Fig. 1, the middle one taken at the other end just in front of the common
room, and the right one depicting an area for social interaction. This corridor was
described by management and staff as unappealing and unwelcoming. At the same time,
they called it a market place or pedestrian zone, clarifying that the corridor is not only
a zone of transit but also a place for social interaction (Lu et al. 2011).

Fig. 1. Layout of the corridor

Fig. 2. Impressions from the corridor.

In order to get an insight into the use of the corridor we initiated a series of ethno‐
graphic observations to understand (i) the corridor, how it is used and what it affords,
(ii) the users and their abilities as well as (iii) materials, activities and other actors on
the corridor. Unlike traditional ethnography, our observations were clearly design-
related, i.e. very focused with a clear goal, were done by several researchers, and had
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to be reached in a limited period of time (e.g. Crabtree 2012; Miller 2000; Hughes et al.
1994). Hughes and colleagues (1994) identify four different ways of adapting traditional
ethnography to the need of design processes especially that of time pressure, relatively
small scale of research focus and the non-interventionist role of the ethnographer. In our
approach, we focus on what they call “concurrent ethnography”, where the ethnographic
study is taking place at the same time as the design process. This includes a close coop‐
eration between ethnographer and designer informing each other during the process of
fieldwork, debriefing, system design and prototype interaction, accompanied by ethno‐
graphic fieldwork which are repeated several times. These circles are combined with
workshops and meetings with the target users, e.g. staff and residents, which also feed
back into the development process.

Over the time of two months, 10 days were spent collecting data, either through
observations, through design workshops or through in-situ interviews. In all activities,
residents and staff participated. On the one hand, this allowed us to capture different
perspectives, on the other hand this is often necessary because staff has to serve as
interpreters between researchers and residents.

The observations in the corridor revealed that the corridor is indeed not only used
as a space for transition but represents a space that is used for social interaction between
resident. Summarizing from the observations, three distinct roles could be established
that residents assume frequently on the corridor.

1. Looking for social contact: Residents use the corridor to get in contact with other
residents or staff and seem to have a strong social awareness of others. This some‐
times results in a kind of hunt to find an employee that has time to engage in short
social interactions. At the same time, it became obvious that many have difficulties
to initiate and/or maintain social interactions, esp. with other residents (see also Petry
et al. 2005; Whitehouse et al. 2001; McWilliam and Bailey 1995).

2. Engaging in focused activities: The corridor has already been equipped with some
technology that can be used for free-time activities like an area where strings with
bells hang from the ceiling for sensual stimulation or a touch screen, where residents
can listen to music. Mostly, these activities were done alone, but we observed one
occasion where two adolescents were using the screen together and another occasion
where two adolescents were dancing together on the floor. In the latter examples, it
remains unclear whether these activities were joint activities or done side by side.
Were the persons using the touch screen together, or was one person just watching
the other using it? The employees reported that the adolescents in general had diffi‐
culties in engaging and undertaking joint activities with each other, which confirms
our general impression.

3. Being a ratified bystander: Whereas in the above two categories, residents actively
engage in either social interaction or focused interaction with objects, we could also
observe residents that were seeking the vicinity of others but clearly did not wish to
actively participate in the ongoing activities. The adolescents in this case claim the
status of a “ratified bystander” (Goffman 1981) and employees (and other residents)
readily accept their hybrid participation status as being close enough to be part of
the group but not taking actively part in the joint activity. The employees described
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these adolescents as spectators and compared the corridor to a pedestrian street in
which people observe others.

5 From Institutional Space to Smart Learning Ecosystem

The observations were complemented with five workshops with residents and staff
members and additional in-situ interviews with both residents and staff members.

At the first workshop, we discussed our observations with staff members to under‐
stand their perspective on the adolescents’ practices on the corridor and to elicit aspects
that should be considered for the design of the technology. Staff members wrote their
comments and ideas on post-its which we took up for further discussion. In a second
workshop, we engaged in a mutual understanding process with the adolescents. We
presented a 3D-model of the corridor to engage a discussion of their understanding of
the corridor with the possibility to enact certain scenarios. The third and fourth workshop
were directed to initiate a creative process of developing concrete ideas of possible
interactive technologies in the corridor and where to place them. The final event of this
part of the project was a common lunch meeting with residents, staff, and management,
where we concluded from the observations and workshops and pitched some first design
ideas to the whole group. This resulted in lively discussions about the potential venues
of the project. Especially the pedagogues and teachers, which had not been part of the
workshops in this first part of the project could instantly see the potential of transforming
the corridor into an (informal) learning environment and opted strongly for the possi‐
bility of dynamically relating the content to the curriculum, stressing again the three
levels of learning identified earlier.

1. The design must consider different participation roles in a focused activity, as e.g.
the ability to become a passive bystander observing activities from a close distance
and allowing multiple users to use a technology at one time.

2. The design must ensure to keep the marketplace atmosphere, that is the possibilities
of seeing, meeting and approaching people and activities.

3. The design must open up to multimodal ways of communication offering various
ways of interacting with the content.

4. The design should take the three levels of cognitive, physical, and social learning
into account.

5. The design should be considered as one building block in a smart learning ecosystem
that encompasses the whole institution.

Based on these considerations, we initiated the next iteration of this project, where
we are currently concentrating on developing several prototype installations together
with residents and staff that will allow for more focused discussions on the technical
possibilities.
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6 Future Work

In this paper, we presented the first step in our research on the role of space and place
in institutional learning contexts, where we analyzed in depth the use of a space that is
prominent in the life of the residents but is so far only used (and seen) as a non-place, a
place of transition from one meaningful space in the institution to another. The work‐
shops with the residents and staff revealed the potential for changing the meaning of this
space and turning it into a place for (informal) learning.

The corridor is just one specific area in the building and one can easily imagine an
interactive installation inside the corridor. But especially the last workshop opened up
to the possibilities of turning the whole institution into a smart learning ecosystem, and
thus raised more questions than it answered, e.g. What are the features in relation to this
specific group of learners and teachers? Teaching at the institution is based on individual
curricula depending on abilities of the resident. How can that be reflected in casual
collaborative encounters outside the classroom? How can the classroom learning goals
feed into the informal and experiential learning throughout the built environment of the
institution? Are there any formal models for this relation/mapping? How has this built
environment to change to enable the residents in their learning?

Acknowledgements. We would like to thank all citizens, staff members, and management at
Neurocenter Østerskoven for their cooperation and dedication in this project.

References

Benze A, Walter U (2017) The neighbourhood as a place of learning for young people. Springer
International Publishing, Cham, pp 147–158. http://dx.doi.org/10.1007/978-3-319-38999-8_14

Bilandzic M, Foth M (2014) Learning beyond books|strategies for ambient media to improve
libraries and collaboration spaces as interfaces for social learning. Multimedia Tools Appl
71(1):77–95. http://dx.doi.org/10.1007/s11042–013-1432-x

Brooks DC (2011) Space matters: the impact of formal learning environments on student learning.
Br J Educ Technol 42(5):719–726. http://dx.doi.org/10.1111/j.1467-8535.2010.01098.x

Clemmensen-Madsen T (2004) Ny indsigt - ny indsats: udviklingsprojekt til intensivering af
optræningsindsatsen for børn med medfødt hjerneskade. MarselisborgCentret, Århus

Crabtree A, Rouncefield M, Tolmie P (2012) Doing Design Ethnography. Springer, London
Divaharan S, Wong P, Tan A (2017) NIE Learning space: physical and virtual learning environment.

Springer, Singapore, pp 253–265. http://dx.doi.org/10.1007/978-981-10-3386-5_14
Dourish P (2006) Re-space-ing place: “place” and “space” ten years on. In: CSCW 2006:

Proceedings of the 2006 20th anniversary conference on computer supported cooperative
work. ACM, New York, pp 299–308 (2006)

Freund P (2010) Bodies, disability and spaces: the social model and disabling spatialorganisation.
Disabil Soc 16(5):689–706

Goffman E (1981) Footing. In: Goffman E (ed) Forms of talk. Blackwell, Oxford, pp 124–159
Grigsby SKS (2015) Re-imagining the 21st century school library: from storage spaceto active

learning space. TechTrends 59(3):103–106. http://dx.doi.org/10.1007/s11528-015-0859-5
Hahn H (1986) Disability and the urban environment: a perspective on Los Angeles. Environ Plan

D Soc Space 4:273–288

Reflecting on Co-creating a Smart Learning Ecosystem 17

http://dx.doi.org/10.1007/978-3-319-38999-8_14
http://dx.doi.org/10.1007/s11042%e2%80%93013-1432-x
http://dx.doi.org/10.1111/j.1467-8535.2010.01098.x
http://dx.doi.org/10.1007/978-981-10-3386-5_14
http://dx.doi.org/10.1007/s11528-015-0859-5


Hughes J, King V, Rodden T, Andersen H (1994) Moving out from the controlroom: ethnography
in system design. In: Proceedings of the 1994 ACM conference on computer supported
cooperative work. ACM Press (1994)

Imrie R, Kumar M (1998) Focusing on disability and access in the build environment. Disabil
Soc 13(3):357–374

Jayasainan SY, Rekhraj HS (2015) X-Space: AWay forward? The Perception of Taylor’s
University Students on collaborative learning spaces. Springer, Singapore, pp 411–429. http://
dx.doi.org/10.1007/978-981-287-399-6

Jornet A, Jahreie, CF (2013) Designing for hybrid learning environments in a science museum:
inter-professional conceptualisations of space. In: Childs M, Peachey A (eds) Understanding
learning in virtual worlds. Springer, London, pp 41–63

Kitchin R (1998) ‘Out of Place’, ‘Knowing One’s Place’: space, power and the exclusion of
disabled people. Disabil. Soc 13(3):343–356

Knox D, Fincher S (2013) Why does place matter? In: Proceedings of the 18th ACM conference
on innovation and technology in computer science education, ITiCSE 2013. ACM, New York,
pp 171–176. http://doi.acm.org/10.1145/2462476.2465595

Lu Z, Rodiek SD, Shepley MM, Duffy M (2011) Influences of physical environment on corridor
walking among assisted living residents findings from focus group discussions. J Appl
Gerontol 30(4):463–484

McWilliam RA, Bailey DB (1995) Effects of classroom social structure and disability on
engagement. Top Early Child Spec Educ 15(2):123–147

Miller DR (2000) Rapid ethnography: time deepening strategies for hci field research. In: Boyarski
D, Kellogg WA (eds.) Proceedings of the 3rd conference on Designing interactive systems:
processes, practices, methods, and techniques. ACM, New York (2000)

Petry K, Maes B, Vlaskamp C (2005) Domains of quality life of people with profound multiple
disabilities: the perspective of parents and direct support staff. J Appl Res Intellect Disabil
18(1):35–46

Rehm M, Krummheuer AL, Rodil K, Nguyen M, Thorlacius B (2016) From social practices to
social robots: user-driven robot development in elder care. Springer International Publishing,
Cham, pp 692–701. http://dx.doi.org/10.1007/978-3-319-47437-3_68

Schreiber-Barsch S (2017) Space is more than place: the urban context as contested terrain of
inclusive learning settings for adults and arena of political subjectivation. Springer
International Publishing, Cham, pp 67–81

Titchkosky T (2011) The Question of Access: Disability, Space, Meaning. University of Toronto
Press, Toronto

Whitehouse R, Chamberlain P, O’Brian A (2001) Increasing social interactions forpeople with
more severe learning disabilities who have difficulty developing personal relationships. J Intell
Disabil 5(3):209–220

18 A.L. Krummheuer et al.

http://dx.doi.org/10.1007/978-981-287-399-6
http://dx.doi.org/10.1007/978-981-287-399-6
http://doi.acm.org/10.1145/2462476.2465595
http://dx.doi.org/10.1007/978-3-319-47437-3_68


Creativity Enhanced by Technological Mediation
in Exploratory Mathematical Contexts

Artur Coelho(✉) and Isabel Cabrita

Research Centre for Didactics and Technology in the Education of Trainers (CIDTFF),
Dep. of Education and Psychology, Universidade de Aveiro, Aveiro, Portugal

{artur.coelho,icabrita}@ua.pt

Abstract. Creativity is fundamental to the sustainable development of societies.
However, lack a School model that promotes it. In Mathematics, exploratory
open-ended and challenging tasks, based on the effective resolution of and well
oriented confrontation and discussion moments are needed to foster this skill. The
digital revolution brought a set of technological tools with great potential in the
educational context, particularly to engineer collaborative work environments
and to mediate communication. But, the use of these tools remains inadequate.

The main objective of this qualitative study was to evaluate the potential of
digital technologies to construct collaborative environments and as communica‐
tion mediation tools and how these dynamics influence the development of crea‐
tivity and communication in Mathematics as well as students’ (10–11 years old)
digital literacy.

Preliminary results suggest that the implementation of these technologies
allow to develop cross-curricular and specific mathematical skills and digital
literacies, and truly change the current educational paradigm.

Keywords: Creativity · Technological mediation · Mathematics · Exploratory
tasks

1 Introduction

The digital revolution is transforming the way we work, think, and “connect” with
profound implications for cultural values (Castells 2007; Lévy 2010) and giving rise to
new important societal challenges. We live in times of great uncertainty and unpredict‐
ability and one purpose of the “School” as an institution is to develop in its students an
understanding of this fluid and changing world they live in. Ensuring a sustainable future
for the next generations in this context requires a strong focus on innovation and crea‐
tivity. However, our students have been taught and trained in mechanized procedures
(Robinson 2011). Creativity, as a transversal skill to all areas of knowledge, has thus
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been systematically curtailed by the educational systems of the industrialized world
(Robinson and Aronica 2009). Several investigations (Franke et al. 2007) confirm that
Maths continues to be taught in the traditional routine way where moments of mecha‐
nized practice follow the instructional exposition and subjects are explored in a discon‐
nected way, isolated from other disciplinary areas and everyday life (Franke et al.
2007). To counter this practice, and given the demands of our society, students should
be given opportunities to undertake challenging mathematical tasks that promote math‐
ematical reasoning, communication, and creativity, that flourishes from confrontation
and collective discussion of exploratory learning tasks.

Digital communication technologies have been widely adopted by European educa‐
tional institutions: 96% of schools have access to the Internet and 80% of teachers say
they recognize advantages in using computers (Korte and Hüsing 2006). But they are
used especially for administrative and management purposes and there were no signif‐
icant pedagogical changes, namely in terms of teaching strategies, classroom resources
and students’ learning (Punie et al. 2006). In fact, pedagogical approaches, with decisive
impact on students’ learning, are rarely creative (Redecker et al. 2009) and technology
remains, mostly, to support direct teaching techniques. Thus, understanding the rela‐
tionship between technology and the development of creativity in Maths in exploratory
learning contexts was the main question for this study. The main intention was to eval‐
uate the potential of these digital technologies in the construction of collaborative
learning environments and as mediators of communication and how these dynamics
influence the development of creativity in problem solving, mathematical communica‐
tion and, simultaneously, of technological skills. Thus, we sought to contribute to the
multimedia in education field. In particular, we aimed to better understand the contexts
and phenomena associated with Maths when mediated by technology, and how this
relationship determines, in the early years (10–11 years old), the development of
emerging skills such as creativity (Coelho and Cabrita 2017).

2 Theoretical Framework

Common people still see creativity as the product of talent and personality traits
(Amabile and Pillmer 2012). Studies in the 1960s and 1970s (Davis and Manske 1968;
Speller and Schumacher 1975) reinforced the idea that creativity was associated with
innate individual talent of a few exceptional individuals and could not be learned and
taught. But Silver (1997) states that creativity is associated with a deep and flexible
knowledge, which implies hard work and reflection and, consequently, should not be
focused on individual exceptionality but understood as a phenomenon capable of
being developed through education and training. In creativity, novelty is a central
aspect, but it is not a sufficient feature, products need to be relevant, effective, ethical
and moral concerns should be attended to (Cropley 2011; Runco and Jaeger 2012).
So, creativity can be defined as a social phenomenon that observes specific rules and
can be promoted or inhibited through social factors (Cropley 2011). In Maths, Gontijo
(2007) understands creativity as the ability to find differentiated (unusual) ways of
solving problems and finding original resolutions for non-traditional problems.
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Several authors (Alencar 1990; Leikin and Pitta-Pantazi 2013; Silver 1997) consider
that creativity in Maths is characterized by several dimensions, which can be meas‐
ured through: fluency − the quantity of different ideas produced on the same subject;
flexibility − the number of responses of distinct categories, which reflects the
capacity to change reasoning; originality − the ratio between the frequency of an
infrequent or unusual response and the number of students observed; elaboration − the
amount of details of a given idea and it can be measured by their quantity. Almost two
decades have passed since Cropley wrote that conventional education often hampers
the development of the skills, attitudes and motivation necessary for innovation and,
among other things, it perpetuates the idea that there is always only one correct
answer to each problem. In this context, students only acquire skills that are neces‐
sary to produce orthodoxy (Cropley 2009). It is astounding, yet at the same time
disturbing, that this vision remains so current/prevalent.

The development of higher mathematical skills such as creativity is not compatible
with low complexity tasks mainly focused in a specific mathematical topic. Rather, it
requires challenging tasks capable of stimulate intra-mathematical, other areas and day-
to-day connections. These tasks allow students to approach Maths in a more realistic
and positive way and encourage more diverse approaches. After their effective resolution
by the students, it is critical to discuss them collectively (Stein, Engle, Smith, and Hughes
2008), aspect that deserves special attention in this ongoing research. So, teacher’s role
must evolve from an “instructor” and “guardian of the mathematical correction” to the
“engineer” of these learning environments (Stein et al. 2008).

Being connected is a characteristic feature of the Knowledge Society, but knowing
when, what and how to connect is a critical meta-skill (Castells 2007; Downes 2012).
Siemens (2004) proposes Connectivism, as a learning theory for the digital age, based
on the creation, maintenance and use of network connections (nodes) by its users and
whose relations arise from their common interests. Nowadays, these interactions, mark‐
edly mediated by technology, are amplified by the enormous potential of the multidir‐
ectional communication established between individuals and institutions, and constitute
true virtual communities. But some studies point out the difficulty of controlling
students’ activities in lessons, such as Maths, which take place in computerized labo‐
ratories or by using portable devices with Internet access (Galluch and Thatcher 2011;
Tarafdar et al. 2013). Classroom Management Software [CMS], such as iTALC, allows
the effective performance of these functions within the digital classroom. And Microsoft
Office 365 contains a set of applications and services integrated in the cloud (cloud
computing) that allows the development and management of activities in technological
contexts. These applications can help to create integrated learning environments with
features like file/resource sharing and synchronous and asynchronous interaction
between participants, for example to launch topics and discussions in forums and groups,
provide content in different ways – text, video or audio – or to track and monitor students’
work at home, in several platforms and operating systems and at multiple scales.
Although these digital resources are widespread in schools, they rarely correspond to
significant changes in pedagogical strategies. Hence, in these new educational scenarios,
new approaches are required to enhance their advantages while minimizing any
constraints. These strategies must develop more favorable attitudes towards Maths and
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essential skills such as creativity and critical thinking and foster a better understanding
of mathematical concepts involved. Digital tools can offer a spatial and temporal expan‐
sion of the classroom, reducing, in certain contexts, costs for students. This can lead to
a growing diversification of the school population, more personalized learning and
develops students’ autonomy (Farnsworth et al. 2015).

There are several ways of combining face-to-face and distance activities. The
Flipped Classroom (Bergmann and Sams 2014) is a model that reverses the traditional
instructional process. A distance education strategy is adopted, where teachers are
responsible for making assignments with a careful choice of resources – audio and video
casts, links to specific content and open educational resources – that are delivered, in a
digital platform, to individuals. Then follows the presential moment with the discussion
and exploration of the presented tasks carefully guided by the teacher (Bergmann and
Sams 2014).

3 Methodology

The qualitative case study selected (Bogdan and Biklen 1994) focused on three groups
of two 6th grade students (11 years old) to allow an in-depth study. Their selection and
distribution considered their mathematical performance – low, medium and high –, their
expectations regarding Maths (only the most performant group saw utility in the disci‐
pline) and they all attended to every moment of the instructional sequences performed
in a learning Math lab. Every session was a complement to formal Maths classes and
were developed in a context close to them but the frequency was voluntary. The
researcher had an active participation since he conducted all the events resulting from
this research. The data were collected through several techniques: participant observa‐
tion carried out by the teacher/researcher, supported by field notes and Logbook; survey,
through questionnaires and interviews with the case students and a documentary analysis
of students’ task resolutions, Initial and Final tests and official documents produced by
the school. First, we applied an Initial Questionnaire (IQ) and a ICT test to obtain infor‐
mation about student habits and basic knowledge of digital tools and applications,
including Dynamic Mathematics Software [DMS] and social networks. This allowed us
to calibrate the exploratory tasks in the two instructional sequences. An Initial Test (IT)
in the beginning of each, solved with paper and pencil, checked previous students’
knowledge on several mathematical topics and advised adjustments in future tasks. It
also allowed us to assess students’ improvement, when results were compared with the
same Final Tests (FT) at the end of each sequence. Throughout this initial stage, the
customizable and secure cloud computing Office 365 platform was used. Mainly, was
used social features, like Yammer, allowing the creation of groups with different levels
of interaction and access; synchronous and asynchronous communication
tools − Outlook Mail, Outlook Groups and Skype; the streaming application Videos, to
broadcast audio and video content; OneNote, as the digital daily notebook when working
with computers, tablets and smartphones, on iOS, Android and Windows platforms. We
implemented two didactic sequences in several sessions throughout the year, each
consisting in a set of exploratory tasks with increasing complexity, both mathematical
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and technical. Task resolution was supported by digital tools − Interactive Whiteboards,
Roamer robots, DMS, visual programming environments, namely KODU − and meas‐
uring instruments, manipulatives and paper and pencil. The physical classroom envi‐
ronment was mediated by iTALC, which allows to monitor students’ efforts, make
simultaneous demonstrations on their desktops and remotely control their terminals. It
also allows students to share, on the whiteboard, their own desktop, which was partic‐
ularly important in the presentation and discussion stage of task resolution. The teacher’s
desktop was constantly projected in the interactive whiteboard to support real-time
interaction with every computer/tablet in the classroom (see Fig. 1).

Fig. 1. The teacher’s desktop projected (left). iTALC with nine active workstations (right).

The first didactic sequence was implemented at the beginning of the second trimester
and was divided into three parts: the first one was aimed to develop basic skills to operate
a Roamer robot in numerical, geometric and algebraic contexts, namely by exploring
circuits and measuring and proportions and ratios through scales. The second part
contained more open-ended tasks, using the Roamer to draw increasingly complex flat
figures involving concepts related to angles, lines, perimeters and areas, measuring,
spatial and proportional reasoning. The third part contained a set of programming tasks
in Kodu. They were aimed to develop logical reasoning and to provide a strong under‐
standing of the programming environment that would be critical to solve more advanced
tasks. These included the construction of small two-dimensional geometric scenarios
(involving areas and perimeters of flat shapes) and more open and complex three-
dimensional “worlds” with advanced notions of volumes (see Fig. 2).

Fig. 2. 3D world (left) created by students in KODU and visual code lines (right).
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The second didactic sequence was implemented in the third and last trimester. The
resolution of exploratory activities, with several open-ended situations, required instru‐
ments, paper and pencils and the DMS GeoGebra, while exploring (compositions of)
isometries − translation, reflection and rotation − and the concept of symmetry associ‐
ated with the last two transformations. Prior to physical classroom sessions, we provided
critical content in different formats – video, audio and text − through the Office 365
services and applications.

Students reach the classroom sessions with good knowledge of the subjects, instru‐
ments and tasks to be carried out, having already begun discussions and previous anal‐
ysis on the group forum (Yammer) and in OneNote digital notebook, which allows
“handwritten” annotations (using a digital pen on the tablet) and which can synchronize
in real-time. Thus, the face-to-face moment in the classroom was greatly optimized
because students had a prior contact with the main concepts. So, the sessions were dedi‐
cated to solving and discussing more open and complex tasks, which contributed to a
more solid mathematical conceptualization and to the development of mathematical
competence. The presential moment was implemented in four different stages (Stein
et al. 2008). In the first stage, the task was orally presented, and some relevant aspects
were clarified by the teacher. In the next stage, all groups solved their tasks autono‐
mously but under teacher’s supervision through the CMS or OneNote when tasks were
performed in the computer/tablet. In the third stage, the working groups presented their
resolutions. Computer tasks were assisted by the CMS features. Finally, students drew
conclusions writing short reports on the digital notebook. Every group’s resolutions were
discussed by the whole class and everybody took note of the main ideas. At the end of
each session, we “collected” students’ work and analyzed the field notes to improve the
Logbook. All these documents were assessed before the next session, so that the plan
could be changed, if necessary. We intended to create an environment where students
could make mistakes, with time to reason at their own pace and with opportunities to
discuss and share their own ideas with everyone. This environment, physical and virtual,
was a “place” of confrontation and discussion where technology was used mainly as a
social collaborative learning and mediation tool. An open “classroom” beyond physical
walls and the constraints of institutional schedules, capable of strengthening a collabo‐
rative working culture.

After the implementation of the two didactic sequences, we used a Final Question‐
naire (FQ) and conducted several interviews with the selected group students. The Final
Questionnaire aimed to collect data on their opinion about the entire project. The IT and
FT, in each learning sequence, had a double purpose: the IT gave us information on the
pupil’s knowledge and skills before the didactic sequence implementation and the FT
allowed us to assess their progress throughout the study.

All collected quantifiable data are under statistical analysis using Excel and will be
presented through tables and graphs. Qualitative data are being subjected to content
analysis through qualitative analysis software, using categories related to: Geometry –
Angles and lines; spatial reasoning; perimeters, area and volume; measuring and; isome‐
tries and symmetry; Proportional reasoning and dimensions of Creativity.
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4 Results

A preliminary statistical and qualitative analysis, ongoing, of the collected data allow
us to present some previous results. Direct observation and the analysis of students’
answers to the FQ and to the interview show the importance they gave to the structure
of the learning space/environment, to the technological nature of the task, its exploratory
and open nature and how they were addressed and discussed in the classroom as well
as their contribution to the development of their creativity. The comparative analysis of
the IT and FT made it possible to verify that the students with lower performance in
Maths seemed to benefit more from the technological nature of the environment and the
tasks (see Table 1).

Table 1. Initial and final tests results (%).

IT 1 FT 1 IT 2 FT 2
Group 1 Pupil a 28 46 36 51

Pupil b 35 53 38 58
Group 2 Pupil c 61 68 72 79

Pupil d 52 60 57 68
Group 3 Pupil e 86 91 87 95

Pupil f 84 92 86 91

Most students stated in the interview that the proposed situations were familiar and
exciting to them, and made sense of the mathematical contents. They further mentioned
that the availability of content in various formats accessible through different platforms
was very useful and versatile. They appreciated the prior contact (in Videos and
OneNote) with the content since they could study and prepare the future session tasks.
They also reported that synchronous (through Yammer and Skype) and asynchronous
interactions (through Yammer, Outlook Groups and Email) with their colleagues
and/or teacher helped them to clarify some doubts and to see other perspectives. At the
beginning, students were unaware these applications but learned how to use them
quickly and spontaneously −  “Several students began using the Yammer’s synchronous
communication tool to communicate between them and to ask me questions about the
tasks. They did it from home computers and smartphones” (Logbook entry, 06/01/2016).
In these interactions, some students spontaneously assumed leadership roles – “Two
students asked to have admin rights in the Yammer forum. They are natural leaders and
we gave them that role” (Logbook entry, 14/01/2016). All students especially enjoyed
the OneNote “digital notebook”, wherewith they could receive real-time feedback,
correct the resolutions, and complete assignments, anytime, anywhere, from home and
in different devices, namely smartphones (see Fig. 3). But many mentioned that some
software, such as instant messaging applications or social networks notifications, inter‐
fered negatively in their work, especially when it was accomplished at home. They added
that they found it difficult to repress the curiosity and willingness to respond to their
requests (Shirky 2014).
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Fig. 3. Students solving a task in OneNote with real time feedback (handwritten notes).

Regarding creativity, we could also observe that the best performing students in
Maths did not always look for alternative or improved resolutions to the tasks, and often
was satisfied with a simply correct one. This also suggests that the exploratory open-
ended nature of the tasks while having the potential to generate more creative resolutions
(Fig. 4), needs an appropriate attitude to produce results.

Fig. 4. To solve task Ia, 3students need to program the Roamer to draw the line on the left. This
group use very peculiar way - every single instruction is reversed - but the solution is correct.

On this matter, two students stated in the interview that “most teachers appreciate
that the students respond to the questions as quickly and in as much agreement as
possible with what they had been taught” (15/06/2016). And that the factors that most
inhibited them from freely participating in collective discussions were the criticism of
colleagues and the overly sanctioning and, sometimes, aggressive attitude of some
teachers. This is not due to technology. It is an attitudinal matter that the school must
counteract. On the other hand, the group of students with better performance initially
revealed some discomfort in sharing their resolutions. This attitude combined with a
highly competitive spirit has proved an obstacle to the establishment of a true collabo‐
rative work culture, with impacts on the overall creativity. In contrast, it was observed
that the group of students less “orthodox” in task resolution produced less calculated
but riskier interventions, facing error in a more natural and relaxed way and tended to
present more creative products – “These group of students tried to solve the maze
problem at least 5 times. Small but critical mistakes didn’t draw them back. They still
excited with the perspective of success.” (Logbook entry, 04/02/2016). Supporting this
idea, several students answered, in the FQ, that they “lost their fear of making mistakes”
realizing that trial and error strategies were part of the process (see Fig. 5). Several
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students also mentioned that when they observed the creative work of their colleagues
and teacher’s appreciation of it, they felt compelled to improve theirs − ”Original solu‐
tions tend to trigger strong reactions. Other students felt motivated and committed to
improve their own work.”(Logbook entry, 20/04/2016).
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Fig. 5. Main aspects to foster creativity (number of students). Source: FQ.

All students declared, in the FQ and/or in the interview, that iTALC encouraged
teamwork at classroom level. 80% of them also considered that this software was very
important to manage the whole process of resolution, presentation and discussion,
because it allowed the teacher to properly control all workstations. These aspects were
highly valued by 85% of the students who noted the ease of interacting with the rest of
the class and reported that knowing that the system was active kept them more focused
on solving tasks. 90% of the students said that they “strongly disagreed with the idea
that this software’s purpose was for controlling them.” It was also observable that the
most fruitful discussions appeared when the students actually shared their ideas, and so
they increased in number and quality throughout the study. And the increasing use of
applications (even initially unknown) in specific contexts was observable (Fig. 6).
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Fig. 6. The frequency of use of Office 365 applications (number of students). Source: FQ.

There was also an increase in the diversity of platforms used, in the access places
and in the quality of the interactions, especially in OneNote. These facts support the
perception of a sustained development of digital literacy in students.
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5 Final Remarks

The research undertaken allows us to conclude, in a preliminary way, that the proper
use of Office 365 Cloud Computing applications has several advantages that should be
harnessed and enhanced. Gains in effectiveness in communication and interaction,
through Email, Groups and Yammer, were high and using OneNote as a “digital note‐
book,” capable of hosting a content library, task sequence protocols, and students’ reso‐
lutions with real-time “hand notes”, proved to be of great utility and versatility. These
multi-system and multiplatform applications can really foster collaborative work within
the class group, with other groups and with the teacher, anytime, anywhere. The avail‐
ability of content, in different formats, in a digital platform and the use of synchronous
and asynchronous communication tools together with a Flipped Classroom strategy can
be used to build personalized learning environments not only of an intrinsic collaborative
nature, but also very flexible and customizable, able to meet the specific needs of
different students as stated by Bergmann and Sams (2014). The use of CMS in a class‐
room can foster dynamics interaction in a technological environment, providing oppor‐
tunities to easily share ideas, to collaborate and to successfully support the discussion
and confrontation moments, which reinforces results obtained previously by Coelho and
Cabrita (2015). Associated with specific network filters, they also prevent students from
diverting their attention to potentially disruptive requests, especially by social networks
or instant messaging applications, thus keeping them focused and engaged with task
resolution. Genuine interactions and sharing in a learning community are the core of a
true collaborative working culture and, simultaneously, reinforce the sense of belonging
and help to prevent the alienation of less proficient students, results that corroborate the
defended by Farnsworth et al. (2015). These collaborative environments seem to
increase students’ autonomy and their levels of confidence, motivation and engagement,
which implies a greater involvement in school life and a more favorable and interested
attitude towards Maths.

We also concluded that implementing exploratory open-ended tasks in technological
contexts seem to contextualize Maths, which becomes more clear, appealing and useful
to the students. They felt challenged and motivated by these tasks and they worked hard
to mobilize many mathematical concepts to solve them that are especially familiar to
them when linked to technology. This aspect not only helped them to better understand
Maths but also facilitated the emergence of more creative productions, collective and
individual ones that grow from large group discussions and interactions, virtual and
physical as stated by Levenson (2013). Students used different approaches when solving
these tasks, and different procedures to find solutions, sometimes unique and with
enriching details.

Therefore, there have been increases in various dimensions of creativity such as
originality, fluency, flexibility and elaboration.

The study also indicates an effective and contextualized increase of students’ digital
literacies. Some of these aspects should be the object of much more extensive and
detailed studies.

Their relevant role in teaching and learning Maths should have implications in
teacher training.
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Abstract. Mobile technologies allow new learning experiences anytime,
anywhere. In this sense, this study presents a learning experience in urban context
supported by a U-Learning environment. Using the Youubi ubiquitous learning
platform, the experiment was carried out in a vocational course at a public school
in Brazil. Challenging learning situations concerning the urbanization theme of
the cities were proposed. The approach adopted was based on the qualitative
analysis. The theory of meaningful learning was used as a theoretical framework
to assess knowledge construction. The results indicate that the Youubi learning
environment fostered the discussions on the content in a dynamic way when
outside the classroom, allowing collaboration and knowledge sharing among
those involved, mainly strengthening the existing meanings and the perception
of problems in the daily life related to the proposed content.

Keywords: Ubiquitous learning · Meaningful learning · Learning strategies ·
Urban context · Youubi

1 Introduction

The need to improve educational practices that allow learners to place learning in real-
world scenarios have been identified by educators for decades (Lave and Wenger
1991; Hung et al. 2013). Many researchers seek to develop learning environments that
combine digital resources with world’s real-world elements to provide students a real-
world experiences with sufficient learning support. For Wu et al. (2013) and Hung et al.
(2014) Ubiquitous learning is an approach that allows students to learn from the real
world with the support of the learning system using mobile, wireless communication
and detection technologies (Hwang et al. 2008).

© Springer International Publishing AG 2018
Ó. Mealha et al. (eds.), Citizen, Territory and Technologies: Smart Learning Contexts and Practices,
Smart Innovation, Systems and Technologies 80, DOI 10.1007/978-3-319-61322-2_4



Several studies have demonstrated the benefits of ubiquitous learning in terms of
helping students cope with problems as well as the acquisition of knowledge in the real
world (Chu et al. 2010; Rogers et al. 2005). For example, Ogata and Yano (2004) devel‐
oped a ubiquitous context-aware learning system with GPS to guide students to practice
in the real world. Hwang and Chang (2011) and Hwang and Tsai (2011) developed a
ubiquitous learning environment based on conceptual mapping for conducting field
activities in a butterfly garden, while Hwang et al. (2012) has developed a learning
system with RFID to guide students to scientific apparatus operate in a science park by
assigning several “operational” assess their tasks and operational results.

The authors Hung et al. 2014; Wu et al. 2013 reinforce the importance of promoting
learning strategies with personalized learning support in ubiquitous context-aware
learning activities. Regarding the sensitivity to the context inherent in the concept of
ubiquitous computing, it is emphasized that it is possible to improve the ability to
perceive the learners’ situation, for example their interests and difficulties, in order to
provide them with adaptive assistance in learning activities in everyday situations.

However, we need to question how students appropriate these new technologies and
how they impact their study practices. According to Saccol et al. (2011), it is not enough
to have access to new and advanced technologies, it is necessary above all to know how
to use them to provide learning and development. Consequently, inappropriate u-
learning applications can also lead to ineffective and inefficient learning practices. Thus,
it is necessary to evaluate how these tools and strategies can be introduced in the
teaching-learning activity to achieve the goals of meaningful learning Ausubel (1963).

The adoption of teaching practices based on the meaningful Learning Theory
Ausubel (1963) has the purpose of designing learning situations that aim to relate
previous knowledge, presented in the classroom, as a meaningful content in the real
environment. Thus, for students to learn meaningfully, they must be intentionally
engaged in combining prior knowledge with acquired new knowledge Cadorin et al.
(2013). Given these possibilities and challenges, this paper describes a ubiquitous
approach to meaningful learning based on individual and group practices supported by
a ubiquitous learning platform called Youubi. In this direction, an experiment was
carried out to investigate the following questions: (1) how ubiquitous learning situations
in the form of challenges promote meaningful learning? (2) how students evaluate the
Youubi learning environment in the proposed situations?

1.1 Youubi: Ubiquitous Learning Environment

According to Brito et al. (2015) and De Sousa Monteiro et al. (2016) the Youubi envi‐
ronment consists of a client-server architecture. The server provides coordination and
communication services through a web service to client applications, and supports social
networking, gamification, and user context-based recommendations requirements. To
understand the possible scenarios of use of Youubi, it is necessary to analyze its elemen‐
tary entities: “Person”, which represents each user, and “Post”, “Event”, “Challenge”,
“Place” and “Group” entities that can be created and manipulated by users. In addition,
these entities have geolocation attributes and can be represented by QR (quick response)
code, which allows them to associate content to real places.
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From this architecture, a mobile phone application client was developed for Android
devices, smartphones and tablets. Using this application, teachers and students can create
ubiquitous learning situations. For example, they can create and interact with content
created and spread throughout the urban space. In addition, students may notice other
users nearby, which reduces the feeling of loneliness, both in the virtual environment
and in the real environment.

2 Qualitative Method

In order to evaluate how the proposed practices using Youubi promote meaningful
learning, an experimental approach has been planned and applied using qualitative anal‐
ysis techniques. The data collection was based on two sources: (1) interactions and
contents created by the participants, obtained through queries to the database of the
Youubi server; and (2) questionnaires and interviews that evaluated the student’s
perception of prior knowledge and after using Youubi.

The context of the study was the urban area of the city of Petrolina, northeastern
Brazil. The institution involved was a Federal Public School of vocational education.
The educational context was a professional technical courses, and counted with the
participation of eighteen (18) students of the technical course Computer Science and
twenty (20) students of the Chemistry technical course. The average age of students was
nineteen years. The activities were conducted by a Geography teacher in both classes
independently, although following the same didactic learning strategies.

2.1 Procedures and Proposed Scenario

The methodological approach consisted of four phases: (1) Initially, was realized a
planning of didactic learning activities was carried out, whose theme was Urbanization
focusing on “Hydrography and Biome”; (2) then, a pre-test was applied to identify the
previous knowledge of the learners; (3) later, the learners started to use the Youubi
environment with challenges based on the content discussed in the classroom, (4) finally,
a post-test and a questionnaire were applied to collect the students’ perceptions about
the learning strategy used.

About proposed scenarios, initially, the teacher created challenges (multiple choice
questions) in order to present in the platform for the learners and encourage them to
participate. The learners were encouraged to resolve them, search for content, collabo‐
rate with colleagues in the urban environment, access the QR code, write comments and
interact with colleagues through chats.

Then, students were invited to create and share their own content using the Youubi
application among the proposed activities. They had to carry out some missions such as
taking pictures to illustrate urban problems and publishing them, creating their own posts
and questions to challenge colleagues, all related to the topics discussed in their formal
learning experiences.
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3 Results

In order to identify the students’ prior knowledge about the subject, a pre-test diagnostic
activity was applied. Considering the answers of 38 apprentices, 22 of them did not
present any previous knowledge on the theme “urban space in the contemporary world”.
Another 9 apprentices attempted to construct knowledge but were misclassified, and
finally only 7 apprentices partially built up knowledge. A low level of prior knowledge
on the subject in matter was found in most learners.

With respect to activities with the Youubi u-learning environment, these have been
designed as opportunities for students to observe and collect information about the urban
context, to construct new meanings and to share the discoveries with their colleagues.
It is important to note that they used the Youubi environment at home, around the city,
and also at school with the guidance of the teacher. In the school were spread QR codes

a) Access to Youubi Content 
with QR Code.

b) Comments on the Proposed 
Activities. 

c) Challenges Created by Stu-
dents. 

d) Posts Created by Students. 
e) Map with the Location of 
Contents Created in the City.  

f) Ranking of the Most Partic- 
ipative Users.

Fig. 1. Example of learning strategies with Youubi environment.
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pointing to contents and challenges created by the teacher (Fig. 1a). These were located
in places related to the content of the discipline, with the aim of establishing “learning
routes”. This didactical strategy allowed to broaden the discussion among students and
bring content presented in the classroom to the urban context.

The teacher also created challenges for the learners, with the aim to stimulate inter‐
action and collaboration between them. Thus they were free to discuss and comment
teachers’ postings and challenges (Fig. 1b). Continuing the experiment, the teacher
asked the students themselves to create their challenges (Fig. 1c) and contents (Fig. 1d).
The purpose of this activity was to encourage students’ autonomy, creativity and critical
sense regarding urban problems. All created contents could be consulted at any time on
the map (Fig. 1e). Gamification mechanics were also adopted (ranking and medals) to
engage students’ participation and to foster their development (Fig. 1f).

All the apprentices’ interactions were recorded and logged on the Youubi server.
The actions of creating, commenting and responding to quizzes were considered the
more important actions to understand because they involve a greater cognitive load of
apprentices to construct meanings. Table 1 summarizes the most popular actions.

Table 1. Distribution of the main interactions identified on Youubi log.

Private message 1798 Add friend 286 Enter group 81
Reply challenge 1191 Show map 175 Comment challenge 71
Post comment 546 Group messages 123 Create challenge 45
Add post 377 Create post 110 Add place 22

Based on the previous table, you note that learners’ interacting with each other
through Youubi 1798 times using the chat application. To challenge a quiz also stands
out as the one of the most used kind of interaction (n = 1191). This may be related to
students’ interest in interacting with elements based on game dynamics. It is also noticed
that students often used the comment feature to express their opinions about elements
already created, whether these simple postings (n = 546), or challenges (n = 71). The
interaction with the map (n = 175) to visualize nearby elements appears as a minor
common actions. This limitation was maybe occurred caused by the distance between
this element and the other entities in the user interfaces of the Youubi client application.

3.1 Meaningful Learning of Ubiquitous Learning Strategy

At the end of the activities carried out with Youubi, a questionnaire using the Likert
scale was used to evaluate how meaningful the ubiquitous learning strategy was. The
instrument was composed by questions categorized into the four dimensions of mean‐
ingful learning: (Q1 and Q2) “motivations to learn”, (Q3 and Q4) “interest in learning”
(Q5 and Q7), “building shared meanings” and (Q6, Q8 and Q9) “relevance of what they
are learning.”

This instrument aimed to explore the students’ perception about the proposed activ‐
ities and to find relationships between the ubiquitous learning strategies and the four
dimensions of meaningful learning. A summary of the results can be found in Table 2.
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Based on the theory of meaningful learning, learners can construct meanings since
they are involved in learning activities that generate interest and motivate them to learn.
These activities also allow the construction of shared meanings, presenting content rele‐
vant to what they learn.

Through the analysis of the answers, we noticed that 97% of the learners answered
that they learned with the proposed activity in the environment. About 89% of them
agreed that the activities allowed then to share experiences with colleagues. It is inter‐
esting to note that 77% answered that they were able to associate the new ideas with
their previous experiences and 63% said that authentic materials helped to learn.

Table 2. Summary of students’ perceptions regarding aspects of meaningful learning during the
experiment with Youubi.

Questions Average concordance
(Q1) “Activities carried out in the environment helped to learn” 0,97
(Q2) “I was motivated to create activities in the learning environment” 0,74
(Q3) “I felt curious about discussing learning content with real facts” 0,83
(Q4) “I was interested in discussing the learning challenges created and
shared by my colleagues”

0,80

(Q5) “I was able to associate the new ideas discussed in the learning
activities, relating them to my previous experiences”

0,77

(Q6) “The activity allowed sharing experiences with other people” 0,89
(Q7) “The activity allowed learning with authentic materials related to
the real environment”

0,63

(Q8) “The activity performed made me feel less alone when I learned” 0,72
(Q9) “I was able to track learning progress in the proposed activities” 0,69

So, it is possible to conclude that the proposed activities were well accepted by the
group participating in the experiment, allowed discussions on urbanization in Petrolina
city, contextualized in the place where the student was interactively among the group.

3.1.1 Pre-test and Post-test Analysis
The adoption of the theory of meaningful learning has the objective of designing learning
situations that could incorporate connections between the knowledge presented in the
classroom and the prior knowledge about the concepts associated with the real urban
environment. Analyzing the evolution in the construction of new meanings to achieve
meaningful learning we see in Fig. 2 a comparison between previous knowledge on the
subject of urbanization with the post-test.

It is noticed that there was a significant increase of apprentices whom ‘completely
constructed’ meanings (7), others ‘partially constructed’ (18), struggled to respond (13)
after the ubiquitous learning didactic activities in the Youubi environment. This conclu‐
sion was possible from the analyzes of the experience interpretation of new information
and relating it to what you already know.

The theory of meaningful learning also theorizes that in order to assess the learning
level of learners, it is necessary to identify the previous knowledge about the new
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content. The graph lists the evolution in the process of apprehension of the involved
learners. Thus, in context-sensitive learning, students learn through the experiences of
interpreting new information and relating it to what they already know. As an evidence,
students interact with information in the nearby of the classroom, relating the subject
studied in the classroom and the situated content.

Fig. 2. Comparison of pre-test and post-test results on urbanization.

4 Conclusion

The paper presented the main results of an experiment on teaching urbanization in a
technical training course, designed using the Youubi learning environment to support
meaningful learning, using geolocation features and QR code tags. In this study, we
assessed effectiveness of this ubiquitous didactic learning strategies to promote mean‐
ingful learning.

The results show that the didactic strategies can improve learning. Given the iden‐
tified data regarding the level of satisfaction of use, we conclude that the environment
presented moments of satisfaction and moments of disagreement. Although in all the
questions there was a positive index of acceptance of the same, it was highlighted the
satisfaction acquired in using the ubiquitous technologies available in the environment
even presenting some moments of disagreement. Also highlights the involvement and
knowledge of school teachers in the planning and development of activities based in the
real world, specified in learning environments; Therefore, it is necessary to promote a
greater adequacy of mobile learning environments so that teachers can develop activities
in an easy, more dynamic way involving real-world content.

The experimental results showed that, with the help of ubiquitous learning strategies,
the learners presented a very significant performance in carrying out the activities. The
learners’ feedback about their level of involvement in the conceptual dimensions of
meaningful learning: “motivation to learn”, “intention/Interest in learning”, “construc‐
tion of shared meanings”, and “relevance to the applicability of authentic materials”.

Majority of learners considered positive the learning experience. So, we conclude that
the ubiquitous didactic learning strategies in the form of learning challenges seems to help
students to organize and refine their field observations and knowledge construction.

Although there are still limitations in the graphical interface of the Youubi learning
environment, pointed out in disagreement on the ease of use of the environment, the
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ubiquitous technologies used as resources in the learning challenges were considered
positive.

In the near future, we intend to further improve the interface to improve commu‐
nicability and usability with new features that allow greater analysis and feedback of
learners’ performance as well as engaging them in more interactive and meaningful
learning situations.
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Abstract. The classroom physical space enfolds several dimensions such as the
social, cultural, architectural and technological. The current scenario of digitally
equipped classrooms in which new pedagogical approaches based on collabo-
rative learning, project-based learning and personalized learning are being used,
call for the need to rethink the classroom physical space. Despite of the existence
of some new classroom physical spaces aiming to answer this new reality, like
the Future Classroom Lab, we argue that there might be lacking an innovative
interior design strategy encompassing these aspects and fulfilling all the class-
room physical space dimensions. Thus, this paper aims to present the perspective
the authors have concerning the classroom physical space as a learning ecosys-
tem and to start building the bridges between different approaches to space and
relating them to the classroom physical space, in order to create an innovative
interior design strategy that will improve the use of classroom physical space in
its different dimensions. We also present the first results of an European web
survey applied to the European Schoolnet Future Classroom network members
that aimed at understanding how their spaces were thought and how they are
being perceived; a brief discussion of the results, which, overall, are positive, is
also presented. The paper ends with some references to the future work.

Keywords: Classroom physical space � Smart learning ecosystems �
Classroom orchestration � Enabling spaces � Human-building interaction �
Smart classroom � Spatial semiotics � Spatial pedagogy

1 Introduction

This paper is part of an ongoing research that aims to investigate the role of innovative
interior design strategies in creating new classroom spaces. Acknowledging that the
Classroom Physical Space (CPhS) interacts and depends directly on several different
dimensions among which the social, cultural and digital, a new space (Sardinha et al.
2017) is going to be designed aiming to promote the inclusion of specific populations,
namely the youngsters that are Not in Education, Employment or Training (NEET) and
Refugees.
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Several approaches to the space are introduced: classroom orchestration, the
enabling spaces, Human-Building Interaction (HBI), the smart learning ecosystem and
smart classrooms, in order to start creating bridges among them.

Some of the data already collected through an European web survey regarding the
use of the Future Classroom Learning Labs (FCLL) is also presented.

2 The Classroom Physical Space

The research on the classroom physical space involves the development of a multi-
disciplinary approach that must consider different dimensions and contributes from
several domains as the classroom orchestration (Dillenbourg and Fischer 2007;
Dillenbourg and Jermann 2007), the enabling spaces approach (Peschl and Fundneider
2012), the HBI (Alavi et al. 2016a, b) and the spatial semiotics and spatial pedagogy
(Lim et al. 2012). In our perspective, all these have in common the high relevance
given to the social dimension of the CPhS that, together with the technological one
alongside with the spatial semiotics and the spatial pedagogy plays a relevant role in
the creation of a smart learning ecosystem.

When considering the specific target population of the project that frames this paper
(NEET and Refugees), it seems relevant to better understand how can these dimensions
shape a new context and help to create smart spaces that might potentially enhance a
more inclusive and better CPhS, i.e., “a context where the human capital (and more in
general each individual) owns not only a high level of skills, but is also strongly
motivated by continuous and adequate challenges, while its primary needs are rea-
sonably satisfied” (Giovannella 2014a, b).

2.1 A Contextualization of the Classroom Physical Space History

According to Park and Choi (Park and Choi 2014) the classroom physical space has
been connected to the educational approaches through time. In ancient Greece there
was a rhetorical/dialogical system and there were neither a specific space for the classes
to happen, nor a rigid setting for the teacher and the students to be. These latter would
place themselves around the teacher in no particular order.

When a more formal education appeared with the medieval Universities, a more
rigid layout set place and evolved to a very strict layout with the spreading of
Universities. During this time, the educational system was teacher-centred, and the
classroom layout reflected this centrism, occupying the teacher a featured place in the
classroom. With the expansion of Universities and schools, the medieval layout
remained, however adapted to a bigger space (Fig. 1).

In the last century the pedagogical approaches started to change, although the
classroom space and layout, in general, did not reflected these changes. Towards the
end of the XX century and, in particular, in the beginning of the present one, the CPhS
started to be reconfigured. Not only is this change of paradigm due to the technological
penetration in the classrooms, but also to new pedagogical approaches that came with
it. The SCALE-UP (Burke 2015) space and the Future classroom Lab (FCL) (European
Schoolnet 2016) are good examples which translate this educational shift.
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2.2 The Space Approaches to Create Bridges

In our perspective, and alongside with some other investigators (Dillenbourg et al.
2011; Peschl et al. 2014), the classroom is a complex system that combines different
dimensions as the social, cultural, architectural and digital, among others. Even if there
is a mental image of “four delimiting walls” connected to the classroom space, we
approach this latter as going further and outside the walls. Thus, the way the inside
walls is thought and designed should broaden it across its physical boundaries. In order
to comply this, digital technologies can play a very important role in creating new
scenarios that can better enable the learning processes, through a technological
enhanced environment (Giovannella 2014a).

2.2.1 Spatial Semiotics and Spatial Pedagogy
Space is a way of communication and in order to understand the way it flows through
space distance (Hall 1959) and its dynamics (Stenglin 2009), it is important to master its
language. The built edification can be defined through: (a) an Euclidean perspective as
the architectural space (Peschl and Fundneider 2012) or the built space (Stenglin 2009)
relying, in part, in static and dynamic resources (Stenglin 2009); (b) the “constructed”
space between walls which cannot be detached from a social dimension brought up by
the interaction and interpersonal relations between its users (Stenglin 2009; Perolini
2011). This social dimension, together with a cultural one, reflects on how space is
organized (Hall 1959) as each culture experiences it in its own way (Hall 1990).

In which concerns CPhS, and more specifically to the classroom spaces conceived
meanings, a way of experiencing space is often times present in the interactions
between teachers and students and space itself, or spatial semiotics (Lim et al. 2012).
This latter is perceived through the way they move athwart space and its signification
and their paths (Lim et al. 2012). The different paths and their quality constructed
through movement across the space may measure fluidity.

The study of the movements and its positions and directions, allow the arising of
patterns enabling the analysis of the dynamic of the physical space. The positioning and
directionality of movements in a classroom usually are not random, having a meaning,
as well as face expressions, gestures and the voice intensity. These encompass a
semiotics dimension, which alongside with the language and pedagogical ones, among
others, define spatial pedagogy (Lim et al. 2012).

Fig. 1. Adaptation of the fig. “Historical changes in classroom design” by Park and Choi (2014)
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2.2.2 The Classroom Orchestration
Classroom orchestration, and in particular, Dillenbourg’s perspective of it, ensue from
the ability to manage a technological enhanced environment (like the Computer Sup-
ported Collaborative Learning environment - CSCL), not only through the core of
instructional design (kernel) but also through observing learners during their activities
and making the necessary adjustments to learners instructions whenever needed (to-
wards personalization) (Dillenbourg et al. 2011). To Dillenbourg, the “rings around the
kernel” cannot be neglected, even those that might look out of place as the rings which
address logistics. Though, Dillenbourg argues the existence of constraints to both
kernel and rings, being the kernel constraints related to: what (the curriculum), what is
inside (the contents), and who (how people learn as well as the learners themselves).
What regards the rings constraints, or the “designing for orchestration”, Dillenbourg
considers these to be constraints related to the assessment, time, discipline, energy and
space (Dillenbourg et al. 2011). All these constraints both of kernels and rings’ have a
deep influence on the teacher’s work, meaning that the author considers the teacher’s
role as having the most importance in classroom orchestration and proposes their
empowerment, in order to increase student’s achievements via problem solving situ-
ations and group discussions. This empowerment should not be achieved by simply
placing the teacher as the commanding agent, but as the one that scaffolds and enhances
students’ motivation towards successful achievements, through design factors (lead-
ership, flexibility, control, awareness, etc.).

Classroom orchestration in the referred perspective aims to provide a better learning
ecosystem (physical, technological, social, personal, emotional) to students in order to
scaffold and enhance their knowledge acquisition.

2.2.3 The Enabling Spaces Approach
Peschl and Fundneider define Enabling Spaces as multidimensional spaces (architec-
tural, social, emotional and technological dimension spaces, among others), which
enable, facilitate and support the knowledge creation and innovation processes. For the
authors, the optimization of new knowledge creation is empowered by the multidi-
mensional spaces, each one corresponding to a different dimension, which must be
“orchestrated in an integrated manner” (Peschl and Fundneider 2012) as well as in an
interdisciplinary way overcoming the possible constraints and conditions (Peschl and
Fundneider 2012).

When applied in the educational context, the Enabling Spaces approach also
encompasses the pedagogical choices and the didactical environment, as well as the
teachers’ personality (beliefs and thoughts) alongside with the different spaces/
dimensions mentioned above (Peschl et al. 2014).

Therefore, in the Enabling Spaces approach “the integration and orchestration of
different spaces/dimensions (…) is one of the most challenging problems, yet powerful
features” (Peschl and Fundneider 2012). In order to overcome this challenges, Peschl
and Fundneider stress the importance of supporting and leading the Enabling Space
interdisciplinary through a well-founded design process (Peschl and Fundneider 2012).
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2.2.4 Human-Building Interaction
HBI brings forward the relation between Human-Computer Interaction and buildings.
As these latter are becoming more and more technological based, like in the Smart
Homes, Alavi et al. (2016b) argue that buildings ought to be developed and designed
with a dialogical relation between its users (either in the social and individual levels)
and their “digital and physical interactive daily experiences” (Alavi et al. 2016b).

HBI approaches buildings through Hillier’s perspective (Alavi et al. 2016a, b) in
which besides the physical and spatial form these also have a social-cultural function
(Hillier 2007).

According to the HBI authors, “Designing HBI (…) consists of providing inter-
active opportunities for the occupants to shape the physical, spatial, and social impacts
of their built environment” (Alavi et al. 2016b).

2.2.5 Smart Learning Ecosystems and the Smart Classroom
Smart learning ecosystems encompasses not only the students, teachers and school staff
as “individual actors of the learning process” (Galego et al. 2016) but also the stake-
holders, surrounding community, family, “services, social life, challenges, skills”
(Galego et al. 2016) inherent to the learning environment. Smart learning ecosystems,
apart from the smart technology, devices, applications and its infrastructures, relies also
in “help[ing] towards achieving a people centred smartness, through streamlining
mundane organisational tasks, and enhancing the skills of all actors involved in
learning processes” (ASLERD 2016).

Bautista and Borges state that the concept of smart classroom arises from the
intersection between “classroom’s architectural design and its ergonomy”, smart
technology and pedagogical approaches “as collaborative learning, project-based
learning, (…) students’ autonomy, educational co-responsibility, etc.” (Bautista and
Borges 2013) relying also on the actors’ learning processes.

2.2.6 Bridging the Space Approaches
Physical spaces when detached from their social and cultural dimensions risk to lose
their meaning. Thus, when approaching the CPhS, we intend to create bridges between
the referred space dimensions and to develop an innovative interior design strategy to
the CPhS. In this process, we will give relevance to the social and cultural meanings of
the physical space, as well as to the interaction opportunities and the state of flow of all
agents involved. To study these interaction opportunities is central and we must con-
sider three main dynamics: between users and technology, between users and space and
among users themselves.

3 The Web Survey

We applied a web survey aiming to understand how the FCLL from the European
Schoolnet FCL network members were thought and conceived and how these are being
used. It targeted the Decision Makers (DM), the Decision Makers which are also
Teachers (DMT), Teachers (T) and Students (S).
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Section 1 was presented to characterize the participants and it was common to all
the groups, as well as section 6. This intended to gather a list of the technological
solutions in use in the FCLL, as well as to understand how the FCLL layout is being
displaced.

Section 2 and part of section 3, targeting DM and DMT, aim to understand what
reasons/factors led to the decision making of implementing a FCLL in the school and
how these spaces were thought/conceived.

The remaining sections 3 and 4, this latter targeting teachers, is almost identical to
the students’ section (section 5). These aim to understand how the FCLL are being
used by teachers and students and their perception of it through a 5-point Likert scale
(strongly disagree to strongly agree). The questions were categorized in physical space,
space communication, emotional space, teaching/learning space, social space and
technological space.

3.1 The Participants

The online web survey dissemination was done by email and Facebook. An email was
sent to all the contacts available on the FCL website in November 2016 and to the
European Schoolnet. There were 26 FCLL from 12 countries of which: Portugal (9);
Belgium (4); Germany, Israel and Norway (2); Croatia, Cyprus, Czech Republic,
France, Italy, Slovakia and United Kingdom (1). They were asked to spread the web
survey to all the DM, DMT, T and S using the FCLL. The European Schoolnet posted
the link to the web survey on their Facebook page.

107 complete questionnaires were collected, from which: 3 DM (3%), 10 DMT
(9%), 11 T (10%) and 83 S (78%). To what concerns the gender, despite 82% being
male, if we consider the DM, DMT and T alone, then we have 67% being female. The
age mean is 23 years old with a standard deviation (SD) of 12; however the age mean
concerning the DM, DMT and T is 44 years old (SD 9,16), being the oldest 66 years
old and the youngest 32 years old. The students’ age mean is 17 years old (SD 1,59),
being the oldest 25 years old and the youngest 15 years old.

Most of the participants, 94%, are from Portugal (101) including all the students,
being the other 6 participants from Belgium (1), France (1), Israel (1), Italy (2) and
Norway (1). In what concerns the type of school where the FCLL are located is worth to
mention that 82% (89/107) of the respondents, of which 82 students, are from the same
school – a Portuguese VET School1. The others are: Elementary School (1), Middle
School (4), High School (4), University (4), Norwegian Education Government (1),
Showcase (1), ICT Centre (1), Teacher Training Centre (1) and Cluster of Schools (1).

1 The FCLL from this school opened in September 2016 and the person responsible has shown quite
some enthusiasm for participating in this study.
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3.2 Results and Discussion

The results hereinafter presented concern to the relative frequency of the quantitative
data collected and are organized according to two main items: factors leading to a
decision of implementing a FCLL and the use of the FCLL and users’ perception of it.
Other obtained results are not detailed in this paper.

3.2.1 Factors Leading to a Decision of Implementing a FCLL
The analysis of the factors that led to the decision-making concerning the FCLL
implementation was made considering the answers given by the DM and the DMT
(13/107) from 12 different FCLL.

According to our data, the principal factor that led the decision makers to imple-
ment the FCLL in their school was the Future Classroom pedagogical approaches
(6) followed by the reason of the schools’ Students with learning difficulties (3) and the
School philosophy (2). Two other factors have been pointed out: the pedagogical needs
(1) and the fact of Taken part of ITEC Project (1).

Despite of what 11 decision makers have said that the FCLL of their school is
inspired by the Brussels FCL layout2, only 9 of these are based on the Brussels FCL
layout despite having quite some differences. Nevertheless, the identified main reasons
for their FCLL being different from the one in Brussels were: the budget (7), the chosen
physical space not being the most suitable (6), the School culture (5) and the specificity
of the School’s students (5). 6 of the 13 decision makers also stated that their FCLL has
an area that differs from the Brussels FCL like a playing/gaming area.

3.2.2 The Use of the FCLL and Users’ Perception of It
Some questions of the web survey regard the physical and communicative space. The
participants (104/107) have an overall positive perception of the initial use of the
FCLL; 77% consider the FCLL space to be intuitive (Table 1) and 81% think that was
easy to identify the different areas (Table 2).

Table 1. Perceptions towards the FCLL space being intuitive

Negative perception Neutral perception Positive perception

DMT 20.0% 30.0% 50.0%
T 9.1% 18.2% 72.7%
DMT&T 14.3% 23.8% 61.9%
S 4.8% 14.5% 80.7%
DMT&T&S 6.7% 16.3% 76.9%

2 The Brussels FCL layout comprises six learning zones in two different spaces: (1) one space based
on the traditional classroom furniture setting, the interact learning zone, and (2) the remain-ing five
learning zones (create, present, investigate, exchange and develop) are organized through an open
space equipped with different type of technology.
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However, even though 83% think that it was easy to adapt to (Table 3) is inter-
esting to notice that 40% of the DMT had a negative perception of it, the exactly same
amount for the positive perception stated by them.

Nevertheless, only 56% say that there was no need to have an explanation on how
to use the FCLL space against 21% of a negative perception (Table 4). It is also
interesting to notice that when separating S (83/107) from DMT&T (21/107) the values
differ in more than 20% for the need to have an explanation on how to use the space –
38% DMT&T against 17% of the S.

When focusing the questions on the FCLL layout organization towards teaching
and learning, the results are in general more alike and positive: when asked about if in
the FCLL it is easy to pass from an activity area to another without disturbing the
students/classmates, we have for positive perception 76% for DMT&T and 67% for S
these latter have a slight more positive opinion towards the spatial FCLL organization
allowing them to understand which kind of activity they are about to start – 73%,
despite DMT&T remaining in the same percentage of 76% when asked if the spatial

Table 2. Perceptions towards the easiness in identifying the different areas in the FCLL

Negative perception Neutral perception Positive perception

DMT 20.0% 10.0% 70.0%
T 0.0% 18.2% 81.8%
DMT&T 9.5% 14.3% 76.2%
S 4.8% 13.3% 81.9%
DMT&T&S 5.8% 13.5% 80.8%

Table 3. Perceptions towards the easiness in adapting to use the FCLL space

Negative perception Neutral perception Positive perception

DMT 40.0% 20.0% 40.0%
T 0.0% 18.2% 81.8%
DMT&T 19.0% 19.0% 61.9%
S 4.8% 7.2% 88.0%
DMT&T&S 7.7% 9.6% 82.7%

Table 4. Perceptions towards the need to have an explanation on how to use the FCLL space

Negative perception Neutral perception Positive perception

DMT 40.0% 30.0% 30.0%
T 36.4% 9.1% 54.5%
DMT&T 38.1% 19.0% 42.9%
S 16.9% 24.1% 59.0%
DMT&T&S 21.2% 23.1% 55.8%
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FCLL organization allows them to explain which kind of activity they are about to
start. Yet, when questioned if the spatial FCLL organization is suitable for different
kind of activities, the opinion differ again – 75% of the S had a positive perception of
this statement against 95% of the DMT&T.

When the question refers to the facility of moving the FCLL furniture according to
the different activities, the positive perception presents a decrease to 66% of the S and
81% of the DMT&T. We find a slight difference of the positive perception in which
regards the ease to transform the FCLL layout (furniture displacement) 68% and 76%
(S and DMT&T, namely) and a slight increase of the positive perception to 74%
(S) and 86% (DMT&T) when asked about the activities being enabled by the existing
furniture in the FCLL. In what concerns the furniture used in the FCLL enabling the
teaching improvement and learning improvement the S and DMT&T’s positive per-
ception were akin to the previous one, 66% and 71%, namely, regarding the learning
improvement and 72% (S) and 67% (DMT&T) for the other ones. In what regards the
FCLL existing furniture being the most suitable for teaching the DMT&T positive
perception stays at 57% and the S’ positive perception in 58%. When questioned about
the FCLL furniture being the most suitable for learning, the positive perceptions are set
in 57% (DMT&T) and 66% (S). Still, when enquired if the activities were enabled by
the FCLL existing layout, 86% of the DMT&T and 70% of the S had a positive
perception.

Some results differ to what concerns the FCLL layout enabling (1a) the teaching
improvement (Table 5) and (1b) the student improvement (Table 6) and to what regards
the FCLL layout being the most suitable (2a) for teaching (Table 7) and (2b) for
learning (Table 8). It is worth to notice the difference of positive perceptions not only
between the DMT&T and S but also between (1ab) and (2ab).

Table 5. Perceptions on how the FCLL layout enables the teaching improvement

Count Negative perception Neutral perception Positive perception

DMT 10 0.0% 20.0% 80.0%
T 11 0.0% 9.1% 90.9%
DMT&T 21 0.0% 14.3% 85.7%
S 83 2.4% 37.3% 60.2%
DMT&T&S 104 1.9% 32.7% 65.4%

Table 6. Perceptions on how the FCLL layout enables the learning improvement

Count Negative perception Neutral perception Positive perception

DMT 10 0.0% 20.0% 80.0%
T 11 9.1% 18.2% 72.7%
DMT&T 21 4.8% 19.0% 76.2%
S 83 6.0% 27.7% 66.3%
DMT&T&S 104 5.8% 26.0% 68.3%
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A better positive perception (S and DMT&T) regarding the same range of questions
but instead of the layout or the furniture, they are questioned about the existing
technology in the FCLL, still being noticed a difference between the two groups:
enabling the teaching improvement the positive perceptions are 77% (S) and 86%
(DMT&T); enabling the learning improvement, 65% (S) and 76% (DMT&T); the
activities being enabled by the existing technology in the FCLL present a positive
perception from the S of 70% and from the DMT&T of 86% and it what regards the
FCLL existing technology being the most suitable for teaching and for learning we
have, positive perceptions of 70% (S) and 81% (DMT&T) for the teaching. For the
learning the S’ positive perception is the same however the DMT&T’ positive per-
ception decreases for 71%.

Despite the FCLL being designed to allow different spatial configurations in a
regular basis, only 42% of the participants (45/107) of the web survey say that in their
FCLL the layout changes, and from these, 49% is occasionally and 26% once a week to
daily; being usually either the teachers (40%) or the students together with the teachers
(40%) changing the layout.

3.2.3 Discussion
In general, and from this initial web survey, we may say that the current scenario
regarding the FCLL physical space is positive as their users have a positive perception
of it. However, from the results, we may infer that the potential of the FCLL physical
space is not at its best. Results showed that the options made by the decision makers
took into consideration the CSCL and project-based learning approaches present in the
Future Classroom project (Van Assche et al. 2015) as well as a social concern
regarding the school’s population. Nevertheless, and even if the decision makers have
taken into account the families, community, stakeholders, as in a smart learning
ecosystem, none of the results support this aspect.

Table 7. Perceptions on how the FCLL layout is the most suitable for teaching

Count Negative perception Neutral perception Positive perception

DMT 10 0.0% 40.0% 60.0%
T 11 0.0% 27.3% 72.7%
DMT&T 21 0.0% 33.3% 66.7%
S 83 2.4% 37.3% 60.2%
DMT&T&S 104 1.9% 36.5% 61.5%

Table 8. Perceptions on the FCLL layout is the most suitable for learning

Count Negative perception Neutral perception Positive perception

DMT 10 0.0% 30.0% 70.0%
T 11 9.1% 45.5% 45.5%
DMT&T 21 4.8% 38.1% 57.1%
S 83 2.4% 30.1% 67.5%
DMT&T&S 104 2.9% 31.7% 65.4%
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Regarding the physical space, its communication and use, results are irregular,
particularly if we consider the S and the DMT&T groups separately. Through a HBI
perspective, the dialogical relations as well as the users’ built environment shaping
through interactive opportunities seem not to be completely adjusted as the perceptions
users have, despite being positive, present imparities: 77% of the FCLL users state that
the space is intuitive, however 56% said that an explanation how to use the space was
required; or, the disparities concerning the furniture and the space layout mentioned
above. From these results we also might argue that the “balance” between the different
space dimensions, and in particular the architectural and the technological ones, is not
the most consistent.

Therefore, we argue that an innovative interior design strategy regarding the CPhS
and bridging the different presented approaches is in order.

4 Future Work

Apart from the analysis of the web survey qualitative data, a correlational statistic
regarding these latter is being conducted, in order to gather more grounded information
to create the scripts for both the interviews and the workshop/focus group. The par-
ticipants of these interviews will be key-elements connected to the Portuguese FCLL as
its objective is to consolidate some of the data already collected, as well to gather more
data regarding the classroom physical space. NEET/Refugee population will participate
in the workshop/focus group where they will be asked to design classroom spaces
followed by a group discussion.
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Abstract. This paper aims at discussing the potential and analyze main chal-
lenges concerning the use of the Internet of Things in education, based on an
overview of the literature and the identification of some relevant technologies
and projects. The integration of Internet of Things technologies, including open
data, in schoolbooks, identified in this context as smartbooks, is also address.
Regarding open data, a set of data sources is drawn and possible scenarios for
integrating these data into the manuals are discuss. It is concluded that although
the Internet of Things presents the potential to facilitate access to real and
constantly updated data, there is still a long way to go in this field, namely, in
primary and secondary education.

Keywords: Internet of Things � Education � Open data

1 Introduction

In recent years, the Internet of Things (IoT) has been attracting increasing interest, as
can be seen in the Internet search indexes or in the last editions of the Gartner’s hype
cycle for emerging technologies. Regarding scientific investigation, in its in-depth
analysis of IoT solutions on the market (Pereira et al. 2015) note that the development
of research and investment of IoT solutions, as well as projects in the academic field, is
being conduct in five main categories: smart wearable, smart home, smart city, smart
environment, and smart enterprise.

However, despite the interest in this technology, it seems to exist some obstacles in
its implementation. According to Mukhopadhyay and Suryadevara (2014) these
obstacles are related to the still lack of understanding of the application and real
usefulness of IoT products or services. Other aspects referred as obstacles are: a lack of
commitment and knowledge of higher management; the lack of maturity of IoT
industry standards; and, the still high costs of IoT infrastructures.
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2 The Internet of Things

This section presents a definition of IoT and a brief historical overview of its devel-
opment that will help better contextualize the subject.

2.1 Concept

There is currently no broadly accepted conceptual definition of IoT, however, generally
speaking, this term refers to physical objects - or things - that incorporate electronics,
software, sensors and network connectivity, enabling the things to collect and share
data. This allows these objects to be monitor and controlled remotely, creating new
opportunities for a seamless integration between the physical and digital worlds (Ray
et al. 2016). The basic idea is that behind this ubiquitous presence of objects/things
surrounding humans, these objects/things are able to measure, infer, understand and
even modify and act in the environment in which are inserted (Bota et al. 2016).

In a somewhat simplistic way, IoT allows individuals and things to be connect at
any time, in any place, and with anyone, ideally using any path/network and any
service (Perera et al. 2014).

For O’Brien (2016), IoT is defined as a technology that allows, through sensors, to
connect objects with the Internet, so that information from any given environment or
activity can be obtained and stored – information which will then provide feedback and
allow for better control over those same environments and activities. However, in a
disruptive view of the future, the author even affirms that IoT “has been identified as
the third wave of the Internet. It has also been identify as the fourth industrial revo-
lution “(O’Brien 2016).

In a more systematic definition of Ray et al. (2016), IoT is an ecosystem that
exploits and expands widely existing environments of embedded and connected
devices. The scope of the IoT is the computing infrastructure that will allow an
ecosystem in which there are more “things” connected to the Internet than the number
of people (Ray et al. 2016).

Among the most cited authors when addressing the definition of IoT are Atzori
et al. (2010), which present a definition based on the cross-referencing of three para-
digms - an “Internet”-oriented paradigm (middleware), a “Things”-oriented paradigm
(sensors) and a “Semantics”-oriented paradigm - represented in Fig. 1. This type of
definition arises as necessary due to the interdisciplinary nature of the subject; however,
the usefulness of the Internet of Things can be trigger only in an application domain
where the three paradigms intersect (Gubbi et al. 2013).

With a deep insight of the term, Sundmaeker and Saint-Exupéry (2010) analyze the
meaning of the word “things” through an Aristotelian philosophic perspective, con-
cluding that the term is not restricted to material objects. Thus, the authors state that
“things” can be define as real/physical or digital/virtual entities that exist, that move in
space and time and are capable of being identified. For these authors, IoT is:

“a dynamic global network infrastructure with self-configuring capabilities based on standard
and interoperable communication protocols where physical and virtual “things” have identi-
ties, physical attributes, and virtual personalities and use intelligent interfaces, and are
seamlessly integrated into the information network” (p. 43).
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This interpretation of IoT not as a technology but as a global concept is also
advocate in the 2016 report of the IERC - IoT European Research Cluster (Vermesen
and Friers 2016).

According to Xia et al. (2012) “IoT refers to the networked interconnection of
everyday objects, which are often equipped with ubiquitous intelligence”. In the same
paper, the authors say that these technologies will increase the ubiquity of the internet
because they will integrate all objects into an embedded system, which will give rise to
a widely present network of objects communicating with humans or other objects.

2.2 Brief Historical Overview

It is possible to divide the Internet’s evolution into four stages: the Web, aimed at
connecting and obtaining information in the network; the Social Web, characterized by
the concern of the active participation of the user and the collaboration through the

Fig. 1. ‘Internet of Things” paradigm as a result of the convergence of different views (based on
Atzori et al. 2010)
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social networks; the Semantic Web, with concentrated efforts in the attribution of
meaning and context to information; and the Ubiquitous Web, or the Internet of Things,
based on the connectivity and interactivity between people, information, processes and
objects, through technologies that provide access to the network by anyone, anywhere,
anytime, using any devices – including multifunctional devices with smart sensors
(such as appliances, cars, clothing, etc.), as well as applications that dynamically adapt
to people’s needs (Davis 2012).

According to this paradigm, objects embedded with sensors become a source of
information, with the ability to communicate (McKinsey & Company 2010). Ubiqui-
tous Computing was defined for the first time by Weyser in 1993. According to Weiser
et al. (1999) Ubiquitous Computing could be defined as the “physical world that is
richly and invisibly interwoven with sensors, actuators, displays, and computational
elements, embedded seamlessly in the everyday objects of our lives, and connected
through a continuous network”.

The term Internet of Things was first used by Ashton (2009) in 1999 (Atzori et al.
2012), in a presentation that linked usage of RFID (Radio Frequency Identification) to
traceability in the supply chain of the consumer goods industry.

Since then, IoT has been interpret by some authors as a technology so innovative
that its impact on society will be equivalent to that of an Industrial Revolution (O’Brien
2016).

3 IoT in Education

This section presents an overview of IoT in education, presenting some examples
already experienced as well as a discussion about potentials and challenges.

3.1 An Overview

In the NMC Horizon Report of 2012 (Johnson et al. 2012) the application of IoT is
mentioned, for the first time, as a future long-term trend (four to five years) in school
adoption. This report refers to IoT as the next step in the evolution of intelligent objects
where the boundary between the physical object and the digital information is blurr by
its interconnectivity. Their relevance to teaching and learning is refer as the ability to
attach small electronic devices to any object in a discrete way and use them to track,
monitor, maintain and record data on that same object. This 2012 report reinforces the
idea that the school (institution) can use these devices to monitor, track and inventory
their facilities and objects, as well as granting automatic access authorizations for
students, teachers and other staff members to certain locations.

Subsequently, the NMC Horizon Report 2015 (Johnson et al. 2015) returns to the
topic and classifies IoT as an important development of educational technology for
Higher Education, in a long-term perspective. Its potential use in teaching and learning
is finally gaining prominence, especially through the concept of “hypersituation”, as
IoT’s benefit in education. “Hypersituation” is the ability to amplify knowledge based
on the user’s location, contextualizing it from its geolocation, i.e., students carrying
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mobile devices that can collect immense interdisciplinary information emitted from the
surrounding area. For example, a student exploring a city’s historic center can search its
surrounding environment through an architectural, political, or biological feature,
depending on the information sent by the emitting devices of that urban setting and his
or her interests at that time. Along the same lines, Cisco Systems envisions IoT as a
context-sensitive environment where objects can communicate with the student and
vice-versa to generate interactive learning experiences (Selinger et al. 2013). In this
scenario, students will be able to monitor their own surrounding environment and
collect real-time data for future study, with data emitted by these connected environ-
ments (Johnson et al. 2015).

The NMC Horizon Report 2015 (Johnson et al. 2015) also refers that, as the
understanding of this emerging technology is increasing, universities are trying to take
advantage of this opportunity to give their students more insight into the power of IoT.
As an example, it is mentioned a project, developed by a consortium of four univer-
sities in partnership with an electric car manufacturer and a network research institu-
tion, to promote sustainable practices and initiatives to support energy efficiency. In
this project, data sensors are used in vehicles to investigate various issues related to the
effectiveness of public transport, psychological effects on drivers and gamification.

According to Benson (2016), IoT has the potential to produce significant gains in
higher education institutions, especially in the automation of buildings, energy man-
agement, maintenance systems, access systems to buildings and spaces, environmental
control, large systems of research environments, academic learning systems and safety
systems for students, teachers, staff and the public.

3.2 Potential

The emergence of IoT ecosystems in schools will provide help for teachers, students
and entrepreneurs to share various types of data in an open way. Teachers and students
will have the opportunity to measure and share data with IoT technologies in a way that
promotes diversity in the learning process and enables students to investigate and
address real-world challenges using data made available by their environment. In order
to awaken the creative role of students using IoT, it is necessary to build a social and
technical ecosystem that integrates hardware, data, associated content and services.
This ecosystem should provide easy access to information, assist interpretation of this
data and empower students to act on their own interpretations (Joyce et al. 2014).

The use of IoT with this purpose allows the student to provide information that is in
context with their age, interests and geographical location. It makes possible to address
real and concrete challenges from the surrounding environment, making it easier for the
students to construct their own knowledge (Constructivist approach) and the adoption
of flipped classroom and multidisciplinary methodology. Considering this reality, IoT
can promote that the contents treated in the class have a greater cultural and social
affinity with the student.

An allusion is made here to the flipped classroom methodology, because with IoT it
will be easier for students to assume a more active role in searching, sharing and
processing of data, where the teacher will have mainly a guiding role.
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Regarding multidisciplinarity, it is related to the fact that there is a greater possibility to
develop competences of other curricular areas, on an interdisciplinary approach, as
exemplified in (Ministério da Educação 2004), that reports the case of students dealing
with specific data and, simultaneously, developing one of the competences required by
the National Program for Basic Education.

IoT has the potential to contribute for the classroom to become an “open” space,
where the physical limitations will not be relevant to the interpretation of the outside
world, which can be monitored, analyzed and studied in real time, creating “hypersi-
tuation” provisions.

Regarding the school manual, this will not only be an object, but a dynamic service,
which is constantly update taking into account different variables such as the age,
interests and location of its users. Furthermore, it will take on a strong role as a guider
in access to the information available on the network.

3.3 Challenges

Per several authors (Selinger et al. 2013; Dhungel 2015; Sundamaker et al. 2016;
Harris 2016), some main challenges have arisen for the introduction of IoT in edu-
cation. These challenges are related to security and privacy, especially of students,
because of their learning history, personal details and even location.

Other challenge is about data storage, because IoT allows access to large amounts
of data with the possibility of being constantly updated and there are need to storage it.
This and the implementation (or adjust) of resources (hardware, software, and scholar
equipment’s) have costs.

Besides this, it is necessary develop training for teachers, since they are main agents
of change, mobilizers of new educational practices and responsible for setting main
guiding principles for the effective use of these new technologies. And in parallel it is
necessary to develop didactic resources so that these teachers can employ them in their
classes.

3.4 Some Examples

In this subsection, we present some projects and initiatives that involve the use of IoT
in an educational context, at the level of basic education (Table 1).

4 Smartbook

As the school textbook is one of the resources still most used by teachers, namely in
Portugal, it is important to reflect the impact that IoT technology may have on it.
Today, school textbooks have become more inclusive and interactive, taking over not
just as a resource but also as a service. The IoT, due to its potential, will allow the
acceleration of this process, leading to a greater democratization in the access to
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information, which will be in constant updating and adaptation to the reality of the
student. The incorporation of IoT in the textbooks generates, for example, the possi-
bility of exploring, in an articulated way, other paradigms of interaction, such as
Augmented Reality or mobile computing, enriching the educational experience of the
book.

Table 1. Some projects and initiatives that involve the use of IoT in educational context

Institution Project Description

PTC academic program Academic program,
K12 program and IoT
institute

A PTC (software company) initiative that
aims to train and equip teachers with IoT
knowledge – providing software,
communication platforms and complete
tutorials

The Internet of (School)
Things

iotschool.org The purpose of this UK project is to teach
students and teachers how to measure and
share data from various sources (such as
air and soil temperature, humidity, among
others, to encourage students to
experiment with plant breeding)

ThingLearn www.thinglearn.com North American project aimed at sharing
resources to help and encourage teachers
to carry out activities involving IoT

Bosch – Bosch IoT Lab Room Climate
Monitoring Systema

Project to monitor the environment of a
classroom. In other words, with IoT, the
air quality of the classroom is evaluated, if
it is not within the desired parameters, a
picture with the photograph of the
scientist Albert Einstein turns green.
Whenever this happens the teacher must
open the window so that fresh air enters
the room and the painting returns to its
normal color

Portuguese association of
teachers of informatics
(ANPRI)

Workshops ANPRI has been carrying out several
workshops across the country in the IoT
area, especially on the Arduino platform.
They have also presented conferences on
the subject, with the aim of sensitizing
teachers to IoT

IoT Digi Class IoT Digiclass project European project involving European
companies and schools, including one
from Portugal (in Baião), which aims to
improve the integration of IoT ecosystem
systems in schools. Includes several
modules: the cafeteria, the classroom, the
school concierge and the library
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In terms of functionalities, it will be possible for the student to solve exercises using
real data that will be constantly update, and the manual will be taken as a means of
communication with the whole school community. It can be consider that the local
community feeds the manual itself, providing the actual data of the surrounding
environment: geography, climate, industry, economy, population, etc. It is the “hy-
persituation” in action in the concrete and geographical context of the student.

Through the manual, the student can also access groups with similar interests, as
the selection of interest in themes will be crosscheck with the entire community
database. This may contribute to the personalization of education, enabling students to
have access to more information in their personal areas of interest.

As a service, the textbook can notify the student to take breaks (for example), give
suggestions on possible research fields or interest groups, or create concept maps. It
may serve as an identification and tracking device, providing information about its
owner to both the school institution and the parents.

Regarding contents, these may be constantly update according to the interest, age
and geographic location of the student. Through the manuals, students can access
nature data in real time allowing an observation and analysis of the environment
without the need for travelling. The manual incorporates and makes this information
available to the student, reflecting the actual conditions of the surrounding environ-
ment, allowing a greater contextualized awareness and reduction of the level of content
abstraction.

Teachers will have the possibility to check what contents their students have more
difficulties with and can then help them by adding notes, exercises or referring to
electronic addresses with relevant information. They may also communicate directly
with the student or carry out evaluation moments monitored by themselves.

5 Data from Sensors and Open Data

One relevant question that arises is how can we get the data to “empower” smartbooks
and keep them constantly updated as referred to in the previous section? In relation to
this, we envision two ways of reaching this objective: through sensors that will collect
data from the environments; and through open data.

According to the Portuguese Agency for Administrative Modernization (Agência
para a Modernização Científica 2016) open data is data that can be freely used, reused
and redistributed by anyone, i.e., data that can be used without any kind of restriction.

Huijboom and Van de Broek (2011) argue that the publication of government data
can enable citizens to exercise their democratic rights. However, open data can also be
consider as an excellent resource for teaching. This is because this data in educational
contexts may enable students to develop argumentative discourse (Weinberger and
Fischer 2006). To establish objectives in research-based activities, in which students
learn data organization models and academic content (Mazón et al. 2014) and to carry
out activities based on collaboration, analysis of information and data, communication
of results and relate them to specific scientific or social problems (Fisher et al. 2007) in
an interdisciplinary way.
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It is well establish that the use of real and local situations in learning activities,
when approaching real-world contents, increases the motivation and the commitment of
the students, thus improving learning. Open data can be an asset as it can be easily use
in the development of personalized learning activities in order to respond to the
learning objectives and in which the teacher has the feedback of the progress of the
students that may even lead, if necessary, to the adaptation of planning (Chui and
Farrell).

The use of open data in educational activities allows, in addition to specific content
learning, the teachers to incorporate a civic education component into their classes,
which complements the curriculum.

In this sense, for example, the use of sensors (such as temperature, humidity, pH,
etc.) to monitor a greenhouse in real time provide data that could be then also used
when exploring contents related to Physics, Chemistry, Biology, Mathematics and
Geography.

Another way of obtaining data in real time, for the exploitation of the contents of
these disciplines, would be the use of open data, which, for the sake of transparency
and community service, an increasing number of institutions are making available.
Data about the same parameters as the later example could be obtain through a data
feed from the World Weather Online site, from NASA, from ESA or from other
national institutions, such as in Portugal the National Hydrographic Institute.

Table 2 identifies a set of currently available open data feeds that may be used in
learning contexts.

The combination and comparison between data obtained by sensors and open data
would also allow students to assess the quality of the data and improve the scientific
analysis of the facts.

In this way, the use of these data sets deployed through feeds would be an asset to a
meaningful learning experience, in which the contents that are explored could be
contextualized resulting in more motivating learning situations for the students.

6 Final Remarks

In recent years, the trend for IoT has been growing, both in terms of connected devices,
and in terms of transactions and adherence by several institutions – particularly edu-
cational institutions, as discussed previously. With the almost exponential growth of
IoT in the electronic market and its potential explored in the course of this article, it is
practically impossible not to imagine its entry into the educational system, where its
surplus value is evident.

Most of the projects, made public, aimed at integrating IoT into education were
developed under a perspective of optimization and management of infrastructures
(mapping of equipment, energy efficiency, comfort in the classroom, etc.) and safety
(management of entries, etc.). However, the usage of IoT in learning is still in its early age.

It is assumed that the potential of IoT in Education is enormous, especially with the
use and implementation of the concept of “hypersituation”, that is, the amplification of
information generated in real time by multiple sources namely embedded in the

The Power of the Internet of Things in Education 59



Table 2. Examples of open data feeds that may be used in learning contexts

Institution Url Brief description of the data
available

NASA https://www.nasa.gov/content/
nasa-rss-feeds

Contains headlines, summaries
and links to full content on
NASA Web sites

World weather online https://www.
worldweatheronline.com/porto-
weather/porto/pt.aspx

Allows access current, past and
future weather data for use in
apps and on websites. The
weather API provides local
weather, ski and mountain
weather and marine, sailing and
surfing data. Weather can be
searched for using a variety of
information, including postcode,
latitude and longitude. The
weather API is easy to use and
delivers advanced, in-depth
weather information

ESA european space
agency

http://www.esa.int/por/ESA_
in_your_country/Portugal/
RSS_Feed

Provides information from your
top news to updates on various
specific programs and projects

Instituto Português do
Mar e da Atmosfera

https://www.ipma.pt/pt/
produtoseservicos/index.jsp?
page=rss.xml

It provides information on
seismic activity and weather
forecast for more than 300
locations in Portugal

World air quality
index

http://aqicn.org/map/world/pt/
#@g/-0.3048/146.9531/0z

Provides air quality data in the
world

British geological
survey - natural
environment research
council

http://www.earthquakes.bgs.ac.
uk/earthquakes/feeds.html

Provides geological data

USGS earthquake
hazards program

https://earthquake.usgs.gov/
earthquakes/feed/

Provides automated notifications
when earthquakes happen

Road traffic
information in
Portugal

http://services.sapo.pt/
Metadata/Service/Traffic?
culture=PT

Provides traffic information in
Portuguese roads

European data portal https://www.
europeandataportal.eu/

Harvests the metadata of public
data made available across
Europe

STCP porto public
transportation
company

http://www.stcp.pt/pt/viajar/
horarios-tempo-real/

Provides real time schedules of
the public transportation system
of the Porto city

(continued)
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geographic location of the student, providing a framework for contextualized learning
supported on the surrounding environment.

In order for the IoT to be accepted and introduced into the education system, special
attention and investment must be devoted to developing the perception and preparation
by politicians, educators and society in general, raising awareness to its the advantages
and challenges, as well as the need to ensure connectivity and continuous access to
network and technology (Selinger et al. 2013).

In conclusion, we present the perspective of Marcel Bullinga (Pew Research Center
2012), who states that in the future education will be less focus on knowledge of facts
as these will be easily accessible over the internet, and that children will learn less, but
will be able to learn more.
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Abstract. In the recent past it has been shown that participatory evaluation
constitutes an alternative approach to traditional benchmarking of learning
ecosystems capable to provide an insight on the smartness of universities and
schools. Such alternative approach has also been shown capable to make emerge
problems and desiderata from the opinions of all players involved in the educa‐
tional processes.

In this paper we report on the outcomes of a participatory evaluation process
carried on along three years at the University of Rome Tor Vergata to show how
one can use them to go beyond the evaluation stage and guide a bottom-up design
process to foster the achievement of smarter learning ecosystems.

Keywords: Smart learning ecosystems · Participatory evaluation · Design for
smart learning ecosystems

1 Introduction

In the recent past we have shown that usual approaches to University benchmarking,
although useful to catch the interdependence between campuses and pertaining territo‐
ries on macro socio-economical basis (Giovannella 2014), are not capable to intercept
the criticalities of the local contexts and, as well, expectations of the players involved
in the learning processes. In particular they fail in identifying the multidimensional
wellbeing state of the students that, after all, are the main target of the learning processes.

To make emerge descriptions of the learning ecosystems closer to students’ feelings
and expectations - and when possible also to those of the other players involved in the
learning process (teachers, technicians, parents, territorial stakeholders) - ASLERD
(ASLERD 2015) has developed a bottom-up participatory evaluation procedure
(Giovannella 2015) that has been tested and validated on several European Universities
(Giovannella et al. 2015; Giovannella et al. 2016) on a three years period by now.
ASLERD approach allows to perform a multidimensional evaluation of the learning
ecosystems and to work out a set of numerical indicators and indices (see for example
Table 1). These latter serve as basis to perform a principal component analysis (PCA)
(Jolliffe 2002; Hotelling 1933) and compare the levels of smartness achieved by the
campuses. Accordingly to this procedure, the overall smartness of the University of Tor
Vergata appears to be quite limited when compared with most of the other campuses
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(see Fig. 1) involved in the validation procedure, and did not changed substantially along
the period of observation: three academic years (see Table 1).

Table 1. Mean values and standard deviations of the indices worked out from the answers given
to the quantitative questions of the ASLERD questionnaire. The data refers to the academic years:
2014–2015, 2015–2016, 2016–2017.

Dimension 2014–2015 2015–2016 2016–2017
Infrastructure 5,86 ± 0,23 5,60 ± 0,23 5,96 ± 0,23
Food service 5,94 ± 0,22 6,23 ± 0,20 6,28 ± 0,19
Environment 6,35 ± 0,25 6,6 ± 0,20 6,87 ± 0,21
Access to admin service and info 5,91 ± 0,20 5,83 ± 0,20 5,95 ± 0,17
Mobility 6,40 ± 0,24 6,61 ± 0,20 7,14 ± 0,18
Safety 6,24 ± 0,26 6,88 ± 0,25 6,91 ± 0,21
Socialization support 5,28 ± 0,22 5,72 ± 0,20 5,99 ± 0,22
Challenge 5,38 ± 0,20 6,09 ± 0,19 6,23 ± 0,18
Satisfaction 6,85 ± 0,22 6,92 ± 0,18 7,21 ± 0,20
Self-fulfillment 6,98 ± 0,21 7,22 ± 0,17 7,41 ± 0,17

Fig. 1. Positioning of the universities on the plane identified by the two principal components,
Y1 and Y2. Y1 and Y2 have been derived from a PCA applied to a reduced set of indices:
Infrastructures, Food services, Access to admin service and info, Support to socialization,
Challenges, Self-fulfillment selected as explained in (Giovannella et al. 2016). The red line
indicates the direction of increasing “smartness” (from left to right).

Beside multiple choice questions useful to extract numerical indicators, ASLERD
questionnaires contain also open questions aimed at making emerge criticalities and
expectations on each one of the dimensions that contribute to define the level of smart‐
ness of a learning ecosystem (Giovannella et al. 2015). To have a better insight on
students’ feeling we decided to analyze the answers they gave to such open questions.
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The outcomes have been used as input to start a bottom-up design process aimed first
at engaging and empowering students to foster an support the campus evolution toward
the achievement of a higher level of smartness.

In the following, thus, we present first the outcomes of the text analysis and, then,
we show how they have been used as input of a design process intended to mitigate the
problems emerged from the survey. Main goals of the design process have been the
creation of new services to be used on mobile phone and the improvement of some of
the existing ones. To conclude we describe the outcomes of the on-going participatory
validation procedure of the proposed solutions.

2 Data Analysis

During last three academic years (a.y.) the ASLERD questionnaire for Campuses has
been filled by a sample of students of the Tor Vergata University, mainly bachelor ones,
attending curricula either in the scientific and in the humanistic domains. 81 students
took part in the survey during the a.y., 2014–2015, 78 students in a.y. 2015–2016 and
80 in the present a.y. Overall, about 30% of the respondents were male and 70% female.
In all three runs we observed a similar “fatiguing” effects: around 70% of the students
answer the first open questions while the last one was answered by around 20% of the
participants (see Fig. 2). All multiple choice questions, on the other hand, were answered
by more than 90% and only a small fatiguing effect were observed. These are observa‐
tions that guarantee the trustability of the collected data (see Ref. (Giovannella et al.
2016)).

The numerical outcomes (mean values and standard deviations) worked out from
the multiple choice questions are reported in Table 1. It is worthwhile to stress that they
stabilize – with oscillations of the values contained within 1–2% - any time 40–50 people
of a given population answer ASLERD campus questionnaire.

The meaningful increase of some of the indicators (more than one standard devia‐
tion), between a.y. 2014–2015 and 2016–2017, highlighted in grey, is mainly determined
by the involvement of a larger number of students attending humanistic courses with
respect to those involved in a.y. 2014–2015 survey. If we compare the outcomes of the
surveys carried on during a.y. 2015–2016 and a.y. 2016–2017 no meaningful variations
can be detected and this is well explained by the similarity of the composition of the
student populations. Students attending humanistic courses, in fact, seem to have a better
feeling on some of the aspects that contribute to the determination of the overall smart‐
ness of the campus.

As stated above, the questionnaire includes also open questions that were formulated
to make emerge explicitly the criticalities hidden behind numerical evaluations (indi‐
cators and indices) and to address all topics that contribute to the overall level of smart‐
ness of the campus and, thus, to the student wellbeing. Here below we report the
outcomes of the text analysis that has been performed on the answers given by the
students to the open questions.

It is worthwhile to stress that comparing the three data sets, the overall emerging
landscape did not change substantially.
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Mobility. On average more than 40% of the students use private transportation because
the public transportation system is not considerate adequate: the suburbs are not fully
covered and often multiple connections must be used by people living in there; often
the transportations are crowded, the traveling time too long and service frequency too
low. On the other hand public transportations are used to spare money and by people
that have no alternatives. Cars are used because parking is not a problem at the Univer‐
sity, because no time has to be lost in waiting for a bus and, overall, to feel free to move
at any time. Bikes are, basically not used because biking in the city is considered very
dangerous due to the heavy traffic and to the travelling speed of the cars.

Internal Mobility. Since the campus is one of the largest in Europe students are
required to cover quite relevant distances to move between faculties and to go to the
student canteen (this is particularly true for the students of the science faculty). No
internal shuttle service is available and displacement with public transportation may be
quite time consuming. In addition students claim that the indoor signage is quite outdated
and this does not allow always to find classes, offices and professors’ rooms. Similar
problems about signage have been detected also in Aveiro (Galego et al. 2016).

Food services. A large number of students think that having a lunch at the student
canteen is too time consuming either because of the time of the displacement and because
of the queue that could be quite long, depending on the time slot chosen. Often the break
they have at lunch time is not long enough. On the other hand, food sold by faculty bars
is not considered to have an interesting quality/price ratio. Because of this most of the

Fig. 2. Percentage of people who answered open questions as function of the order of presentation
of the questions for academic year 2014–2015 (blue), 2015–2016 (red), 2016–2017 (green).
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students try to avoid to have a lunch in the Campus and when strictly necessary they
bring a lunch-box from home.

Similar problems have been detected also in Aveiro (Galego et al. 2016) and in
Trento (De Angeli, 2014).

Environment. Two are the main students’ concerns. The first one is related to the
maintenance of the green spaces (mainly grass cutting and plants care) and of the urban
furnishings (park benches, vases, etc.) The second one concerns the separate waste
collection that seems not to be practiced in a satisfactory manner: often the bins for the
separate waste collection are missing or full.

Safety. Surveillance of large area of open parking is quite problematic and in fact the
main complaint is for car thefts and damages and, as well, for the lack of controls. We
may note, however, that the percentage of students that answered the open question
about safety is consistently decreased in a.y. 2016–2017, see Fig. 2, possibly to indicate
that such criticality may have diminished with the time.

Infrastructures. Maintenance of the infrastructures is one of main criticality that
emerges from the survey. The status of chairs, desks, air conditioners, etc. tends to get
worst and worst with the time, while equipments tend to get obsolete. The wi-fi connec‐
tivity is slow and intermittent. In some cases the classrooms are to small and only few
places for students to study or socialize are available. Often students have to go around
to find for available spaces (ex. unoccupied classrooms). The lack of a sufficient number
of spaces dedicated to student activities has been detected also in Aveiro (Galego et al.
2016).

Administrative and info services. Information relevant for students provided by the
university website are considered incomplete or difficult to be found. Digitalization of
the administrative services are not complete and often students are obliged to go to the
student administrative offices with the risk to stay for quite a bit in the queue. Getting
in touch with professors seems also quite complicated.

Social interaction. Concerns on the support offered by the University to the social
interaction are focused on two main topics: (a) a quite limited number of cultural and
sport activities; actually the university has no strong and organized student unions; the
few existing associations are not interacting among them, promote only rare events and
haven’t reasonable aggregation spaces; (b) the limited and sporadic activities dedicated
to job-linking, networking, a better knowledge of the territory and, more in general, the
presentation of opportunities for the students. Criticalities listed in (b) have been
detected also in Aveiro (Galego et al. 2016).

Challenges. Strictly correlated with the issues listed at the letter (b) of the previous
topic (social interaction) are the complaints about the reduced number of challenges
that involve students: projects, collaborations, lab activities, etc. It is very important to
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stress a trend that is very general for Italian learning ecosystems: students feel them‐
selves under-challenged with respect to the competences that they think to have
developed.

In fact they feel more satisfied and self-fulfilled than challenged.
Students, apart few exceptions do not complaint about the quality of the teaching

but, rather on the possibility to transfer learning on practical activity and on the possi‐
bility to transform knowledge into skills and competences.

Considering all above, the emerging picture is that of a campus characterized by a
limited capability to attract the students. Not by chance the main reason to choose the
campus is its proximity to home. Immediately after comes the uniqueness of the curricula
(chosen mainly by students involved in scientific curricula). Only about 25% have
chosen the campus on the basis of the perceived quality of teaching and learning. At the
end students seems to be quite happy with teaching and their personal development, but
due to the criticalities described above do not develop a sense of belonging.

3 Design for Smarter Learning Ecosystem

To go beyond the evaluation phase and to empower students, the outcomes of the
ASLERD questionnaire has been used to involve some students attending the degree in
Media Science and Technology in a design process aimed at identifying solutions
capable to mitigate the criticalities emerged and, thus, to help the campus to achieve a
higher degree of smartness and student to increase their wellbeing. After a brainstorming
activity focused on how to achieve, at least partially, the expected goals the focus has
been concentrated on the design of an application for smartphone capable to offer a set
of services, summarized here below.

Mobility. To mitigate the problems with external and internal mobility the app will
offer a trusted car sharing service. An additional proposal is to offer also a bike sharing
service for internal displacements but of course this is a service that would imply also
a commitment by the University or by private investors. Another service offered by the
app will be an interactive map of the campus that is expected to integrate also information
on spaces (e.g. free classrooms) that could be used to carry on students’ activities and
the availability of professors and assistants.

Food services. The app will offer the possibility to see the menu of the week, to make
her/his own choice and to reserve the preferred time slot to take a lunch, provided that
the student has demonstrated her/his trustability. The aim is to mitigate the queue
problem and, thus, reduce the time needed to have a meal. Another goal is also to opti‐
mize food consumption and preparation time with the hope to favor the increase of food
variety and support the preparation of special food for those who need it. An app with
similar functionalities, iFame, has been developed by the students of the Trento
University (De Angeli 2014).
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Environment. The interactive map offered by the app will provide information on the
position of the collection points that allow to operate the separate waste collection and
on the filling status of bins and dumpsters.

Another functionality will allow the students to report about maintenance problems
(green space and urban furnishings) and to organize maintenance activities.

Safety. As for the environment section the app will allow to report on safety problems
with the aim to develop a map (space and time) of the critical issues and support the
University in organizing a better surveillance service.

Infrastructures. Again the app will allow to report on problems. In addition it will
allow to monitor the time that will elapse from reports to troubleshooting by university.
It will also allow students to organize, in special case, voluntary troubleshooting.

Administrative and info services. As for Food services, the app will allow to book
appointments with student secretary and teachers and, as well with any other relevant
structure offering services within the University. This to avoid queues and time wasting
for students, but also to improve the efficiency of the University services.

Social interaction. The app will offer the possibility to organize events and activities
and to look for the needed human resources. Moreover the app will propose a rewarding
mechanism (credits) that can be used to get discounts, priorities or that can be exchanged
to get help from other members of the community.

Challenges. The app will offer the possibility to announce or launch challenges either
internal to the University and external, i.e. proposed by companies, associations, munic‐
ipalities, etc. Also room to report on the outcomes of the participation in the proposed
the challenges will be provided.

Overall the application aims at facilitating the constructive interaction among the
players involved in all activities of the learning process in order to mitigate criticalities
and solve problems, if possible in a participatory manner. It is also intended to support
the development of a truly student community and to take as much as possible advantage
of all the available opportunities that may derive from collaboration and cooperation.

Very simple rewarding mechanisms have been included to challenge students,
provide advantages and strength relationships. Much more could be done on the gami‐
fication of the processes but it will be left to future revisions of the proposed application.

Before to start the development of a medium profile prototype we have put in place
a validation process that was intended to involve more students. Preliminary outcomes
of this on-going process are described in the following paragraph.

4 Design Validation and Conclusions

Taking into account the goals of the application we have prepared a new questionnaire
to involve a consistent number of students in the validation of the proposed solutions.
In Table 2 we report a summary of the questions that have been asked and the outcomes
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of the validation process. 125 students from all University faculties took part in the
validation procedure, about 30% of them were male and 70% female. 100 over 125 were
bachelor students.

Table 2. Outcomes of the validation questionnaire (depending on the formulation of the question
the outcomes are reported as percentage or as mean values with the associated standard deviations.

Questions Results
Mobility. How useful would be a student car sharing service? 7,32 ± 0,18
Mobility. Would you share your car, in case you have one? yes = 52%
Mobility. How useful would be a bike sharing service? 6,77 ± 0,21
Mobility. How useful would be an interactive map to support internal mobility? 8,20 ± 0,18
Mobility. Would you contribute to keep the map updated? yes = 87%
Food service. How useful would be a service to select the menù and to book the
time slot to take the lunch at the student canteen?

7,34 ± 0,21

Environment. How useful would be an interactive map to support separate waste
collection?

5,84 ± 0,24

Environment. Would you contribute to keep the map updated about the filling
levels of bins and dumpsters?

yes = 74%

Environment. Would you use an application to report on maintenance problems? yes = 90%
Environment. Would you contribute as volunteer to keep clean and take care of
the public area of the University?

yes = 61%

Safety. Would you use an application to report about safety problems? yes = 93%
Safety. Would you contribute as volunteer to the surveillance of the public area
of the University?

yes = 46%

Administrative and info services. How useful would be a service to book
meeting with student secretary and more in general to avoid queues at the
University’s offices?

8,51 ± 0,15

Challenge. Would you contribute to keep updated the information about
challenges and opportunities for students?

yes = 70,4%

Social interaction. How useful would be an application to share with other
students problems and solutions and to organize activities and events?

7,23 ± 0,20

Rewarding mechanism. How much a rewarding mechanism could entice you to
participate in the social activities referred to by the previous questions?

7,68 ± 0,19

Student community. How much do you feel to belong to a student community? 5,37 ± 0,19
Student community. How much do you perceive the existence of a student
community?

5,31 ± 0,19

Student community. Apart from helping in mitigating problems, how much an
application offering the functionalities described in the previous questions would
contribute to support the development of a student community at the University?

7,39 ± 0,16

The outcomes of the questionnaire made emerge a strong attitude for problem
reporting and a reasonable availability to contribute to keep information about the
campus updated, but also a scarce propensity to be involved in social activities and in
sharing her/his own car. An active university citizenship may certainly be encouraged
by the activation of rewarding mechanism (reduced university taxes or other discounts).
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However rewards could be not fully sufficient because of the absence of a cohesive
student community and of a very low students’ sense of belonging.

Despite of the lack of internal cohesion and sense of belonging, students think that
the proposed application may: (a) drive the development of a student community at least
to share, and find solutions to, common problems; (b) help to organize activities/events.

Getting into some more details:

Mobility. The amount of people that would be available for car sharing may consid‐
erably increase if the application will guarantee sharing of the expenses (fuel), and,
overall, reliability of the passengers on several aspects.

Possibly the application should also allow to organize “meeting hours and corners”
aimed at supporting car-sharing.

Bike sharing is considered a nice idea but too difficult to be implemented due to the
lack of cycling paths and the dangerousness of the standard roads.

Food service. Students feel that an application will not be able to solve the problems
of the queue at the canteen since they think that such service should be accompanied by
a reorganization of the timetable of the lessons and, possibly, by the realization of a
distributed system of students’ canteens.

Environment and Safety. Active citizenship to take care of the common space is not
considered a task for students. Moreover most of the students think that they have no
time to contribute. Service should be provided by the University.

Social activity. A relevant part of the students tend to spend at the university the strictly
needed time to attend lessons. The remaining part attempt to study where possible, since
places in the studying area and libraries are limited. Only a very limited part of the
students is interested in social activities also because of the lack of established and active
student communities/unions.

We may observe that the lack of an established and cohesive student community
doesn’t make perceive the University as a place smart enough to be “lived”, but rather
as a physical space where one wishes to spend only the time needed to benefit of the
services of interest. At a first superficial glance you get the impression that the students’
well-being is strictly related to the efficiency and efficacy of services and opportunities
provided by the University. At a second in depth scrutiny of the outcomes of the ques‐
tionnaire, however, the desire to be part of a more cohesive student community emerges.
Students, in fact, hope that the proposed application could help not only in reporting
problems to have them mitigated but also in supporting the development of a student
community.

The case study reported in this paper shows that ASLERD systemic and holistic
bottom-up strategy to achieve a participatory evaluation approach represents also a
significant starting point to activate student engagement. This is an important step
forward with respect to the use of monitoring and evaluation procedures aimed only at
benchmarking and at producing rankings, moreover it is also a step forward respect to
procedures aimed only to produce a top-down action plans (regardless of the fact that
the evaluation strategy could have been a bottom-up and participatory one). In the past
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a step toward the design for a Smart Campus have been done in (Galego et al. 2016) but
the outcomes of the analysis were not used to activate students and engage them in a
design process. Even before a very nice project, “Smart Campus – Creating services
WITH and FOR people” (De Angeli et al. 2014), were lunched within the University of
Trento with the aim to integrate smart campus and smart city applications to support not
only academic life but also socialization and practical smart mobility. The initiative has
been very successful in engaging students and citizens through user centered design
methodology and hackathon but it was not sustained by the use of any “smartness”
framework.

Many other universities are interested and involved in the development of the so
called “smart campuses” but usually top-down design strategies are adopted and the
focus is mainly on testing smart infrastructure (smart grid, etc.) as pilot for future imple‐
mentations needed for the so called “smart cities”. Since in all these cases the adjective
“smart” is strictly related to the improvement of technological infrastructures and not
to the wellbeing of the students (or other campus’ players) they are not deemed relevant
for this specific context.

For the future it would be very interesting to see if the process of engagement and
empowering described in this case study would be adopted by the University of Tor
Vergata as a “modus operandi” and, as well, if it could be transferred to other Universities
or learning ecosystems like schools.

Considering the outcomes of (De Angeli et al. 2014), together with those of the
validation questionnaire (see Table 2) it would be also very interesting to investigate
further the role and relevance that a cohesive community may have in the development
of a fully University citizenship and, thus, in driving an overall increase of the smartness
of learning ecosystems.
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Abstract. Today urban areas are growing fast, in this process it remains a chal‐
lenge to include the opinions of the public. This holds especially true for young
people. From the 1960’s, the rights of the children started to be recognized through
the UN Convention on the Rights of the Child. Article 12 of the convention states
that children should have the opportunity to express their views in matters that
affect them, like urban planning. Our work started analysing the literature and
providing an overview of participatory methods used to include children in land-
use projects. We then reviewed existing mobile apps targeting participation in
public life. Based on the findings from the literature a list of high level require‐
ments was created to guide the design and implementation of the mobile app
DELTA. The DELTA app support situated participation encouraging users to
explore the urban environment, promoting awareness and critical thinking.
Several user evaluations are performed during the development cycles, including
expert evaluations, usability and field tests of the final prototype. Based on
collected data and lessons learned, results are discussed in relation to participation
and learning outcomes for children.

Keywords: Mobile technology · Participation · Urban planning

1 Introduction

Though public participation in urban planning and design of urban spaces is recognized
as important, conventional methods of public participation like public hearings, ques‐
tionnaires and committee groups have failed to engage the majority of the public
(Roberts 2004; Irvin and Stansbury 2004). This resulted in the ongoing multidisciplinary
search for more collaborative ways of participation, where opinions and knowledge of
citizens and stakeholders are taken into account through authentic dialogs, building
social capital and trust (Innes and Booher 2004).

This holds especially true for young people. Since the 1960’s, the UN Convention
on the Rights of the Child, Article 12 states that children should have the opportunity
to express their views in matters that affect them, like urban planning. In Norway, the
law regulating planning and building underlines the importance of involving young
people and assigns to municipalities the responsibility to ensure their active participation
(Norwegian Government 2008).
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Involving young people in processes of urban planning is important not only because
it is their right (Francis 1988), but also because of their ability to evaluate their envi‐
ronments and come up with ideas of their own (Gleeson and Sipe 2006; Bartlett 2002;
Horelli 1997). In addition, the process of participation is also a process of learning,
improving their “environmental awareness, knowledge and skills” (Wilks and Rudner
2013) and teaching them how to negotiate and respect other people’s views (Corsi 2002).

Despite the increased recognition of young people as fully legitimated actors, it
remains a challenge to sufficiently include them (Lansdown 2010). Attempts to do so
can often be described as mostly including them for symbolic purposes and not
supporting meaningful participation. To fully engage young people, there should be an
effort to create new, innovative methods of participation that suit them, utilizes their
knowledge and ideas, and make sure that their contributions are used.

In this paper we present the design and evaluation of DELTA1, a mobile app to
promote youth participation in urban planning. More specifically, we focus on (i) how
situated engagement increases awareness of challenges and opportunities in the local
environment and (ii) how game elements can promote the process of participation. Situ‐
ated engagement means that participation happens at the specific physical location
through immersive experiences (Korn 2013). This might lead to a more sustainable form
of engagement (Gordon et al. 2011). The rationale for this design choice is connected
to the complexity of urban planning, and to the fact that methods of participation should
match the capabilities and interests of participants. In addition to facilitating participa‐
tion, situated engagement might increase participants awareness of challenges and
opportunities connected to specific planning projects. Urban planning is not only
complex, it is often also perceived as something uninteresting by many young people.
It is therefore critical to create a solution that engages them, possibly through game
elements.

The paper is organized as following. Next section discusses different approaches to
participation of young people in urban planning, followed by related work. Section 4
presents DELTA, with focus on main functionalities, while Sect. 5 describes the three
main iterations of its design and evaluation. Section 6 summarizes the results and
Sect. 7 concludes the paper and presents future work.

2 Participation of Young People

Despite increased awareness, young people are still today insufficiently included in
urban planning (Haider 2007; Wilks and Rudner 2013). Conventional methods of public
participation fail to engage them, often being characterized by a high threshold to partic‐
ipation. To overcome these challenges, new forms of participation must be developed.
Hart (Hart 1992) in the attempt to stimulate a dialog around the topic, proposed a “ladder
of participation” to help framing children’s participation, ranging from a mainly
symbolic participation to actual participation started by young people themselves. Frank
(2006) reviewed several case studies about participation projects where children

1 “delta” is the Norwegian word for “participation”.
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assessed their local environment, formulated plans to take action, and took steps to
support implementation of their idea. The findings strongly emphasize the positive
outcomes of such projects, and thus the importance of working towards inclusion of
young people in planning processes. Lessons learned point in the direction of “giving
youth responsibility and voice, building youth capacity, encouraging youthful styles of
working, involving adults throughout the process, and adapting the sociopolitical
context” (Frank 2006, 633).

As part of our work, we reviewed 14 studies addressing the challenge of young
people participation (Reiersølmoen 2016). These studies were identified through a
systematic mapping of the literature, following the methods described in (Keele 2007).
Articles were collected from several online databases and screened in two iterations.
Several studies reported inclusion of children that was rather limited and mostly for
symbolic purposes, as in (Breitbart 1995; Cunningham et al. 2003; Mallan and Green‐
away 2011; Passon et al. 2008). Most of the analysed projects are covering only the
lower levels of the ladder of participation proposed by Hart. Other studies focus on the
general lack of participation among young people (Laughlin and Johnson 2011; Torres
2012; Dennis 2006; Malone 2013). Several of the analysed studies recognize that the
methods used to include adults in planning processes, like public hearings and consul‐
tation meetings, are not likely to provide good results when used with young people
(Spier 2013; Breitbart 1995; Cunningham et al. 2003; Laughlin and Johnson 2011;
Dennis 2006; Mallan and Greenaway 2011). This awareness led to the development of
less conventional participation methods, including free drawing, walking tours, photog‐
raphy, specific drawing tasks, and artworks. Horelli (Horelli 1997) conceptualize partic‐
ipation methods into five different groups. Most projects utilized multiple methods,
mainly aiming at evaluating an environment or letting participants express their ideas.
From the review, it is clear that the most popular participation methods are highly situ‐
ated, as for example Lawrence Halprin’s concept of walkshop that combines walking
tours with specific tasks along the way. Walkshops “are based on the idea of experience,
interaction and communication, not just talking. They become more profound because
the approach knocks out the usual seminar or lecturing process that gets in the way of
most creativity, because it informs people rather than allow them to discover through
personal experience” (Halprin et al. 1999, 43). In a similar vein, other methods let
participants walk free in the physical space, while using drawings or photography as a
way to focus and describe the environment. In some cases, participants walk together,
sharing thoughts with each other and with facilitators, enabling for negotiation and
sharing of ideas. Summarizing our review, there is a need for new forms of- and oppor‐
tunities for participation to be developed, as most young people have yet to experience
being actively involved in planning processes that affect their lives (Lansdown 2010).
The reviewed projects show different efforts to promote real inclusion using methods
that engage young people. Incorporating situated action in participation methods seems
the most promising approach, and is backed by research stating that young people get
an understanding of the environment by using their senses (Haider 2007) and when they
engage with its features (Chawla and Heft 2002). These methods are, however, costly
and time-consuming, generally including only a small number of participants. In the
next section we explore how mobile applications have been used to support participation.

DELTA: Promoting Young People Participation in Urban Planning 79



3 Related Works

Given the situated nature of many of the participation methods identified in the literature
review, mobile apps seem to be a promising approach for technological support. The
potential of mobile participation also emerged from interviews with city officials and
political decision makers in urban planning, who preferred a web-based mobile solution
over other approaches such as interactive public screens and design tables for multiple
users (Oksman et al. 2014). Participation via smartphones is also expected to be more
appealing for young people who normally do not interact with government services
(Clark et al. 2013), as they are early to adopt new technologies and shape how they are
used (Castells et al. 2009). Example of mobile apps for public participation include
solutions that enable citizens to report damages in the city, or provide up-to-date infor‐
mation about it. Most of the efforts to facilitate participation using smartphones fall
under the category of informing apps, there is a lack of apps that enable the public to
participate in more profound ways (Bohøj et al. 2011). We reviewed the literature for
apps that facilitate situated engagement in urban planning. The features and character‐
istics of the five apps that were analysed are now briefly presented.

Mobile Democracy (Bohøj et al. 2011) allows citizens to express agreement/disa‐
greement, comment and upload photos related to particular topics discovered by
browsing a map. Augmented reality is also used to position urban elements on top of
the smartpthone camera view. In Augmented Reality (Allen et al. 2011) the focus of
the app is to overlay predefined graphic models on existing buildings. The user could
therefore only tilt and pan the phone to look at the model, but not move around. It is also
possible to rate the different models. FlashPoll (Schröder 2014) is an app allowing users
to answer location-specific polls, it’s designed to overcome the shortcomings of face-
to-face participation. Polls are location-based and citizens can participate only when
they move in the poll area. Tienoo (Kangas et al. 2015) was developed to collect loca‐
tion-specific opinions about forests in Finland. It allows geolocated data collection to
happen in real time.

Community Circles (Lehner et al. 2014) is based on ideas coming from location-
based games, the goal is to enable long-term participation in urban planning. Users create
location-specific issues, ideas, opinions or polls that other users can comment, upvote
or downvote.

4 DELTA: An App for Participation

In this section we present DELTA, the app we designed to promote participation in urban
planning. While in this section we focus on the main functionalities, in Sect. 5 we present
the design process and how the app developed through three main iterations. DELTA
is designed to support situated participation and it is inspired by the idea of walkshops
(Halprin et al. 1999). DELTA has as target group young people with fully developed
writing and reading skills, mainly teenagers.
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4.1 High level requirements

After reviewing existing apps and participation methods, we identified a list of high-
level requirements for our solution.

HLR1 Location-based: DELTA should support activities to take place at the location
where participation is desired, in terms of ideas or feedback on possible solutions.
Participation should be based on participants actual perception of the place.

HLR2 Engaging: One of the implicit goals of DELTA is to include the voices of young
people in urban planning, and therefore the user must be given an incentive to use the
application, it must be engaging. One place to look for inspiration is geocaching.
Common motivations for geocaching are: social walking, exploring new places,
collecting caches, social status online, competition and challenges (O’Hara 2008).

HLR3 Collaborative: DELTA should support collaboration among users. Collabora‐
tion helps create better ideas, represents the importance of negotiation in urban planning
and creates opportunities to share opinions.

HLR4 Project support: DELTA should inform the user about ongoing or planned
projects in the city.

These requirements focus on the perspective of the citizens, without considering
urban planners. Indeed, the app is complemented by a back-end solution for urban plan‐
ners to add and manage projects, but this is outside the scope of the paper and it will not
be explained further.

4.2 App description

DELTA is designed to enable and motivate young people to participate in urban plan‐
ning. From the app, users can get an overview of active urban planning projects in their
area and they are allowed to contribute in several ways: (i) they can complete surveys,
(ii) post suggestions, and (iii) discuss suggestions. These functionalities are paired with
game elements such as personal points (score) and achievements. The decision to struc‐
ture the app around projects is related to HLR4. The inclusion of surveys is inspired by
FlashPoll and Tienoo apps, described in chapter 3, while how the surveys are designed
is largely inspired by the concept of walkshops, which relates to HLR1 and HLR2. The
ability to post and discuss suggestions satisfies HLR3, while game elements relate to
HLR2, which is connected to make the participation engaging.

The main screen of the app is a map showing the current location of the user. Loca‐
tions of planning projects that are under development are marked on the map, with colors
indicating one of three different states: no active survey, completed active survey, and
uncompleted active survey. Users can select a project to read more about it and start the
connected survey.

Projects - Projects should be added by planners, every survey is connected to and
resolves around one specific project. Suggestions posted by users must likewise be
posted within one of the active projects (Fig. 1, left). Exceptions are scores and
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achievements, explained more in detail later in the chapter, which are not project-
specific. The app shows the location of the planning projects on a map so users get an
overview of what planning projects are currently under development in the area.

Fig. 1. List of active projects, task answering interface and personal profile.

Survey - A survey is designed like a treasure hunt, where each task of the survey
(Fig. 1, center) is connected to locations that the user has to find. To complete a task the
user must be in close proximity of its location. The user will not see the coordinates
marked on the map, but will see approximately how far away the location is. After a
task is completed the user will have to navigate to the next with the help of a textual
description which references the map and elements of the surrounding environment. The
idea behind the surveys is inspired by Lawrence Halprin’s concept of city walks. Partic‐
ipants receive a set of instructions that guide them to certain locations, where they are
asked to contribute with ideas and thoughts about the place (Halprin et al. 1999). The
walk is designed to bring awareness of problems and opportunities in the city (Hirsch
2011). The intention is not simply getting from one place to another as quickly as
possible, but to see the connection between places (Hirsch 2011). Participant are forced
to look up from the smartphone, increasing awareness of the surrounding environment.
Game elements are used to create a more challenging and engaging participation process,
without reaching a difficulty that can interfere with the experience. Participants are
encouraged to cooperate, since the treasure hunt is likely an activity that people will
enjoy doing together. Planners design the route they want the participants to follow,
which allow to craft an experience that pays particular attention to specific places along
the way. There are four different types of tasks, which consists of one or more questions.
The difference in the task types is how the questions can be answered: it can be through
a linear scale, multiple choice, check-boxes or free text.

Suggestions - A suggestion consists of an image, a title and some describing text.
Other users can agree or disagree, and they can comment on it. Creation and interaction
with suggestions can happen later in time, regardless of the physical position of the user.
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The opportunity for users to comment and express agreement or disagreement on other
user’s suggestions is the fundamental way in which the app supports collaboration
among users, as it encourages dialog between citizens.

Profile page - Each user has a profile page (Fig. 1, right) which shows an overview
of the activities in the app: suggestions, comments, agreements and disagreements, and
number of surveys answered. The profile page also shows the user’s score and list of
achievements.

Game elements - Certain activities are rewarded with points and achievements. As
an example users get points for completing a survey, post suggestions or receiving
agreement on posted suggestions. Achievements are rewarded when reaching predefined
milestones, for example taking two surveys or after the fifth suggestion posted. A public
leaderboard reports the ranking of the users. The game elements are intended to increase
engagement using rewards and competition. This encourages high quality contributions
since the best way to get a high score is to post suggestions that receive many agreements.

5 Design Process and Evaluation

The prototype described in Sect. 4 was developed through three iterations. The first
iteration defined the concept, a low-fidelity prototype was created and evaluated using
expert interviews. In the second iteration a functional prototype was developed and its
usability tested. On the third iteration the prototype was refined and another expert
evaluation was conducted. More information is available in (Reiersølmoen 2016).

5.1 Iteration 1: Expert evaluation

A first interactive mockup for internal use was built using an online diagram tool2. The
mockup was then used as a blueprint for the first prototype of the Android app that was
tested during the expert evaluation. The app allowed to navigate into different views,
but the content displayed was static. The evaluation of the first iteration consisted of
semi-structured interviews with four persons, with the main goal to present the concept
and collect feedback regarding its potential. The subject of the interviews were: F1,
15 years old, member of the youth city council and representative of the end users of
the app; F2, 28 years old and M1, 44 years old, respectively researcher and professor
from the faculty of Architecture and Fine Arts, with expertise in urban planning; M2,
45 years old, employee in the local municipality with responsibility for involvement of
young people. The interviews started showing some pictures of the app while in use in
several urban contexts, then more detailed questions were asked while demonstrating
different functionalities. Audio recording were collected and transcribed for analysis.

Results. F1 was positive about the concept, it was perceived as a tool to allow more
people to participate, not only those who are actively engaged in committees. The ability
to comment people suggestions was seen as a useful way to understand different

2 www.lucidchart.com.
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viewpoints. F1 believed that young people can be willing to perform the survey/treasure
hunt on their own initiative if they are interested in the urban area. M2 reflected on how
the approach of physically going in the area of interest to provide feedback might facil‐
itate participation. It was also highlighted how different it is from the approach currently
in use by the municipality. In comparison to other projects M2 was familiar with,
DELTA was seen as more focused and connected to specific planning projects, which
facilitated the planners in getting direct feedback and provided more guidance to the
users. Discussing the requirement of being situated in the urban area, M2 thought that
situatedness would increase awareness, especially if the area is not usually frequented
by the user. However, he was unsure if a treasure hunt would make sense without a
preliminary briefing with the users. Overall M2 believed that the tool “can be valuable
when facilitating children and youth’s influence” and the score mechanism can be an
engaging factor when users compare their performance at the end of the day. M1 and
F2 provided feedback more connected to the planner interface, that was desired as easy
to use as the rest of the app. The fact that participants had to navigate using reference
points in their surroundings, and not only an interactive map, was seen as a positive
factor. M1 expressed some concerns regarding the motivation for using the app, and
whether or not the game elements were enough to engage. Additional motivation could
possibly come in the form of physical rewards along the treasure hunt. Another proposal
to increase the engagement was to let people draw on top of the pictures added as
suggestions, which was believed to be particularly fun for younger users.

5.2 Iteration 2: Usability evaluation

On the second iteration, the static data used in the first prototype was replaced by real
data. A short pilot evaluation took place right after the functional prototype was ready,
then the usability test was performed outdoor with a group of five university students
coming from three different study programs. Participants were given first a short presen‐
tation of the concept, then they were requested to perform a set of tasks covering all the
functionalities. The most comprehensive task required to complete a treasure hunt
outside, around the university campus. Participants were encouraged to follow a think-
aloud protocol. Data logging was performed following multiple strategies: (i) smart‐
phone screen was recorded, including on-screen touch events; (ii) suggestions and notes
were taken by the facilitator which acted as an external observer; (iii) users were
equipped with a head-mounted camera, which allowed to capture how they interacted
with the smartphone and the environment. At the end of the tasks, users compiled a
questionnaire about the perceived usability of the app using the System Usability Scale
(Tullis and Stetson 2004). In the analysis of the data we focused on identifying errors
in the user interaction, defined as unintended or wrong actions the user made while
completing a task. The footage from the head-mounted camera was used to extract the
following metrics: (i) time spent on the survey; (ii) time spent finding locations; (iii)
time spent answering tasks; (iv) time spent interacting with the app; (v) time spent
interacting with the environment.
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Results. We recorded 8 minor usability errors. In all the cases except one, the user
expected a certain interaction, but nothing happened. Participants still managed to
complete the given task in all case. Three more severe errors were reported, where the
app resulted in an unwanted state. Only one of these errors was considered of high
severity, based on how hard was for the user to recover from the unwanted state. During
the survey, on average users spent 27% of their time answering the tasks and the
remaining 73% finding the next one. In Fig. 2 we report statistics on the average time
spent by the users interacting with the app versus the surrounding environment. Results
from the questionnaires showed high usability (Tullis and Stetson 2004).

Fig. 2. Time spent interacting with app and environment.

5.3 Iteration 3: Final expert evaluation

The most critical problems highlighted during the usability evaluation were fixed to
make the prototype ready for the final evaluation. This evaluation was different from
the usability test in a number of ways: (i) the evaluation was conducted in a real envi‐
ronment, at a place with an active redevelopment process; (ii) the survey in the prototype
was more carefully designed with the help of experts; (iii) the participants volunteered
because of their interest in the concept; and (iv) the participants just completed the
survey, without performing predefined tasks. These factors, along with a refined proto‐
type, resulted in valuable feedback on the potential of the concept. To start with, tasks
for the survey were defined by architects. Their contribution was a set of questions with
possible answers.

When the survey was ready, participants were recruited from the Physical Planning
program at Department of Urban Design and Planning, four people volunteered because
of their interest in the concept, 2 males and 2 females. Choosing Urban Design and
Planning students had a twofold role, on one side they were close to the age of the target
user, on the other they had knowledge about planning and could see the concept also
from the perspective of an urban planner. After the in-app survey was completed by the
users, participants had the opportunity to post suggestions and interact with the rest of
the app. A semi-structured group interview was held afterwards.
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Results. The contribution from the architects to create a survey worked as an evaluation
of task types, and two of the task types in DELTA, multiple choice and check-boxes,
were introduced in this phase. Creating surveys emerged as a process requiring a good
degree of situatedness. For example, when the defined questions were mapped to specific
places, some of the questions were far away from any other question, and it would be
difficult to describe the path between them without using pins on the map. To solve this
problem, some of the more general questions not referring to a specific place were placed
strategically to create a route without very long distances between each task. Also, one
task had to be removed, since the whole area was closed by a fence.

During the evaluation, the participants provided suggestions for improving engage‐
ment and effectiveness of the solution. One suggestion was to physically tag urban
objects using the smartphone or draw upon pictures of them. It was unclear how this
would support public participation, but was perceived as a way to increase the awareness
of the public space. One participant declared that she was motivated in reaching the next
location by the distance indicator. However, some kind of reward was expected at the
end of the treasure hunt. The time spent finding tasks was suggested to be used as a
performance indicator to assign extra points to the users. Some users suggested to allow
participants to add different symbols on the map in order to provide specific feedback
connected to the exact point where the participant is located. The symbols could simply
be a green and red mark to indicate positive and negative places. On the overall, the
evaluation of DELTA was positive and all participants evaluated it as a tool with good
potential to improve participation among young people.

6 Discussion

Results from the evaluation of DELTA confirmed the effectiveness and attractiveness
of the concept. Situated action was perceived as useful, especially when the geographic
area was not usually frequented. Situated engagement in this context fits especially well,
compared to just sitting in a room browsing maps or other support material. A challenge
connected to deploying the app for a short time in a certain context, is that it might not
give enough time for the reward system to reach its full potential, which requires users
to post suggestions and interact with them during time. However, if the participants are
sufficiently engaged in the app and the context, they can be willing to continue using
the app also when the organized event is over.

During our tests, all the users managed to correctly complete all the tasks without
help. From the questionnaire, participants perceived the app as very usable. It is here
important to underline that most of the participants interacted more with the environment
than with the smartphone when navigating between the tasks. This is a positive outcome
compatible with the objective of increasing awareness of the surroundings environment
and consequently improving quality in the contribution.

Suggested improvements included adding some activities along the route of the
survey, providing some hints about how the next location is like and publishing the
results in order to freely share the contributions. These suggestions can be interpreted
as the need for more diverse engagement mechanics based on the physical environment
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and the recognition of a significant outcome, perceived important enough to be shared
with the community to facilitate the change.

Participants highlighted the limitations of traditional methods and the increased
awareness provided by DELTA: (i) maps can be easily misunderstood; (ii) it’s easier to
provide feedback when physically located in the context; (iii) moving around allows
contributing from a new perspective, increasing the quality of the feedback. The game
elements adopted to shape the survey served well for the purpose and were positively
accepted during the tests, contributing in engaging participants. Game elements in the
prototype were intended to also motivate and support continuous participation.
However, this outcome cannot be confirmed without testing over a longer period. Also,
it remains unsure whether or not the app would be used by young people on their own
initiative, although the youth city council member that we interviewed during the first
iteration suggested that people would be willing to engage on their own initiative as long
as the projects were also seen as interesting and close to their home.

7 Conclusions

The research presented in this paper investigates how to support participation of young
people in urban planning. Based on a review of methods of participation, we decided to
focus on situated engagement and include game elements in the design of an application
for smartphones. A state of the art analysis on public participation apps was performed
to ground the work and build on top of current research on the topic. DELTA was then
developed and tested in three iterations. The evaluation of the app in the three phases
was very positive and some of the experts have expressed their willingness to try it out
to promote participation in some of the controversial redevelopment projects currently
ongoing in the city.

Technically, this requires to port the app to other platforms, so that it can be used in
a large scale field study. Future work will also focus on how DELTA can be integrated
into e.g. school activities so to motivate usage, but also to improve its learning impact.
Finally, an in-app or web-based interface for planners needs to be created. Until now
we have focused on using the app, rather than creating projects and surveys. This is
however critical if the app has to be used on a regular basis. As part of this work it will
be interesting also to consider how surveys could be created not only by city planners
or teachers, but also by young people themselves. This will allow to move one step
further in the ladder of participation (Hart 1992).

References

Allen M, Regenbrecht H, Abbott M (2011) Smart-Phone Augmented Reality for Public
Participation in Urban Planning, pp 11–20

Bartlett S (2002) Building Better Cities with Children and Youth
Bohøj M, Borchorst NG, Bødker S, Korn M, Zander, P-O (2011) Public deliberation in municipal

planning: supporting action and reflection with mobile technology. In: Proceedings of the 5th
international conference on communities and technologies, pp 88–97. ACM

DELTA: Promoting Young People Participation in Urban Planning 87



Breitbart MM (1995) Banners for the street: reclaiming space and designing change with urban
youth. J Plann Educ Res 15(1):35–49

Castells M, Fernandez-Ardevol M, LinchuanQiu J, Sey A (2009) Mobile Communication and
Society: A Global Perspective. MIT Press, Cambridge

Chawla L, Heft H (2002) Children’s competence and the ecology of communities: a functional
approach to the evaluation of participation. J Environ. Psychol. 22(1–2):201–216

Clark BY, Brudney JL, Jang S-G (2013) Coproduction of government services and the new
information technology: investigating the distributional biases. Public Adm Rev 73(5):687–
701

Corsi M (2002) The child friendly cities initiative in Italy. Environ Urbanization 14(2):169–179
Cunningham CJ, Jones MA, Dillon R (2003) Children and urban regional planning: participation

in the public consultation process through story writing. Children’s Geographies 1(2):201–
221

Dennis SF (2006) Prospects for qualitative GIS at the intersection of youth development and
participatory urban planning. Environ Plan A 38(11):2039–2054

Francis M (1988) Negotiating between children and adult design values in open space projects.
Des Stud 9(2):67–75

Frank KI (2006) The potential of youth participation in planning. J Plan Lit 20(4):351–371
Gleeson B, Sipe N (2006) Creating Child Friendly Cities: New Perspectives and Prospects.

Routledge
Gordon E, Schirra S, Hollander J (2011) Immersive planning: a conceptual model for designing

public participation with new technologies. Environ Plan B Plan Des 38(3):505–519
Haider J (2007) Inclusive design: planning public urban spaces for children. In: Proceedings of

the institution of civil engineers-municipal engineer, pp 160:83–88. Thomas Telford Ltd
Halprin L, Hester Jr RT, Mullen D (1999) Lawrence Halprin [Interview]. Places 12 (2)
Hart, RA (1992) Children’s Participation: From Tokenism to Citizenship, vol 4. Innocenti Essays.

ERIC
Hirsch AB (2011) Scoring the participatory city: lawrence (& Anna) halprin’s take part process.

J Architectural Educ 64(2):127–140
Horelli L (1997) A methodological approach to children’s participation in urban planning. Scand

Hous Plan Res 14(3):105–115
Innes JE, Booher DE (2004) Reframing public participation: strategies for the 21st century. Plan

Theory Pract 5(4):419–436
Irvin RA, Stansbury J (2004) Citizen participation in decision making: is it worth the effort? Public

Adm Rev 64(1):55–65
Kangas A, Rasinmäki J, Eyvindson K, Chambers P (2015) A mobile phone application for the

collection of opinion data for forest planning purposes. Environ Manage 55(4):961–971. doi:
10.1007/s00267-014-0438-0

Keele S (2007) Guidelines for performing systematic literature reviews in software engineering.
In: Technical Report, Ver. 2.3, EBSE Technical Report. EBSE.sn

Korn M (2013) Situating Engagement: Ubiquitous Infrastructures for in-Situ Civic Engagement.
Ph.D. thesis, Aarhus UniversitetAarhus University, Science and TechnologyScience and
Technology, Institut for Datalogi Department of Computer Science

Lansdown, G (2010) The realisation of children’s participation rights: critical reflections. In: A
handbook of children and young people’s participation: perspectives from theory and practice

Laughlin DL, Johnson LC (2011) Defining and exploring public space: perspectives of young
people from regent park, Toronto. Children’s Geographies 9(3–4):439–456

88 M. Reiersølmoen et al.

http://dx.doi.org/10.1007/s00267-014-0438-0


Lehner U, Reitberger, W, Baldauf M, Fröhlich P, Eranti V (2014) Civic engagement meets
pervasive gaming: towards long-term mobile participation. pp 1483–1488. doi:
10.1145/2559206.2581270

Mallan K, Greenaway R (2011) Radiant with possibility: involving young people in creating a
vision for the future of their community. Futures 43(4):374–386

Malone K (2013) The future lies in our hands’: children as researchers and environmental change
agents in designing a child-friendly neighbourhood. Local Environ 18(3):372–395

Norwegian Government (2008) Planning and Building Act, June
O’Hara, K (2008) Understanding geocaching practices and motivations. In: Proceedings of the

SIGCHI conference on human factors in computing systems, pp 1177–1186. ACM
Oksman V, Väätänen A, Ylikauppila M (2014) Co-creation of sustainable smart cities: users,

participation and service design. pp 189–95
Passon C, Levi D, del Rio V (2008) Implications of adolescents’ perceptions and values for

planning and design. J Plan Educ Res
Reiersølmoen M (2016) Facilitating children and youth’s participation in urban planning
Roberts N (2004) Public deliberation in an age of direct citizen participation. Am Rev Public Adm

34(4):315–353
Schröder C (2014) A mobile app for citizen participation. November 2014, pp 75–78. doi:

10.1145/2729104.2729137
Spier, JJ (2013) A walk in the park: an experiential approach to youth participation. Youth Studies

Australia 32 (3)
Torres J (2012) Participation as a pedagogy of complexity: lessons from two design projects with

children. Urban Des Int 17(1):62–75
Tullis TS, Jacqueline NS (2004) A comparison of questionnaires for assessing website usability.

In: Usability Professional Association Conference, pp 1–12
Wilks J, Rudner J (2013) A Voice for Children and Young People in the City. Aust J Environ

Educ 29(1):1–17

DELTA: Promoting Young People Participation in Urban Planning 89

http://dx.doi.org/10.1145/2559206.2581270
http://dx.doi.org/10.1145/2729104.2729137


Augmented Reality and Mobile Learning in a Smart Urban
Park: Pupils’ Perceptions of the EduPARK Game

Lúcia Pombo(✉), Margarida Morais Marques, Vânia Carlos, Cecília Guerra,
Margarida Lucas, and Maria João Loureiro

Research Centre on Didactics and Technology in the Education of Trainers - CIDTFF,
Laboratory of Digital Contents, Laboratory for Supervision and Evaluation,

University of Aveiro, Aveiro, Portugal
{lpombo,marg.marq,vania.carlos,cguerra,mlucas,mjoao}@ua.pt

Abstract. The EduPARK game is developed under a game-based learning
methodology. It is designed for outdoor learning settings by employing
geocaching principles and mobile Augmented Reality technologies. The game
aims to develop users’ authentic and autonomous learning about diverse inter‐
disciplinary themes in a smart urban park. It integrates learning guides for
different target groups of basic education. The purpose of this paper is to present
the game prototype development, which followed a design-based research
approach. The evaluation of the game involved 74 pupils from two school levels
(aged 9–10 and 13–14). They explored the game and their reactions were regis‐
tered. Focus groups were conducted at the end of the experience. The evaluation
allowed identifying positive characteristics of the game, such as immediate feed‐
back and collaborative dynamics. Some questions included in the learning guides
were perceived as difficult to understand and also some features came out to be
considered for future improvements.

Keywords: Augmented reality · Mobile learning · Smart urban park ·
Educational games

1 Introduction

As pupils’ access to mobile devices, such as laptops, tablets, smartphones and video
game consoles, increases in several contexts, the debate around mobile learning (Clarke
and Svanaes 2015) and its educational potential becomes more critical. The ubiquity of
mobile devices extends learning, both in formal and informal settings, and when
combined with Augmented Reality (AR), it has the potential to move learning to outdoor
settings.

AR is a technology that enhances life experiences by employing virtual elements in
real time (Dunleavy 2014). It enables pupils to be placed at the center of ubiquitous
educational contexts and to interact with digital information embedded into physical
environments (Gianni and Divitini 2015). In a recent report, authors point out that AR
amplifies access to and interaction with information, hence, creating new learning
opportunities for broader understandings (Johnson et al. 2016). Several other studies
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(Radu 2012; Pérez-Sanagustín et al. 2014; Akçayır and Akçayır 2017) suggest that AR
enhances pupils’ enjoyment, motivation and interest to learn. For example, Akçayır and
Akçayır (2017) highlight that this type of technology provides immediate feedback and
supports autonomous learning, which can have a positive effect on pupils’ motivation
and increase their learning performance. Moreover, AR has been shown to be able to
reduce cognitive load through the annotation of real world objects and environments as
well as to increase long-term memory retention (Santos et al. 2014). However, for such
affordances to occur, the multimedia material should have curricular and educational
relevance (Radu 2014).

AR supported by mobile devices can move learning to outdoor settings, such as
Smart Cities (SC). This concept is closely related to using smart technology to improve
city life. Studies in SC as a context for learning (smart education) show the potential of
the adoption of mobile technologies to generate and collect data for situated games in
the city (Gianni and Divitini 2015), namely in the so called Smart Urban Parks (SUP).
SUP are based on mobile learning, i.e. on anywhere and anytime personalized learning
(Naismith et al. 2004). They foster authentic and situated learning outside the classroom
(Jonassen 1994), but also personal and collaborative learning within a lifelong perspec‐
tive (Naismith et al. 2004). SUP are also considered contexts that can be used to promote
new modes of learning in science education, for instance concerning environmental
education, since the ability to understand ecosystems is enhanced by experiences in real
environments (Kamarainen et al. 2013). Moreover, they have the potential to provide
learning experiences that value biodiversity (Ballantyne and Packer 2002), and attract
not only pupils and teachers, but also a wide range of tourists and local visitors
(Ballantyne et al. 2008), especially if associated with the use of AR and mobile tech‐
nologies.

One of the emerging potentials of mobile technologies exploration in educational
contexts is related with digital games (Prensky 2007). Future developments in this area
involve evaluating and analyzing game usage data, providing powerful tools on how to
create better learning experiences, and developing game-based learning, supported by
significant data about the pupils’ perception and their performance while playing (Groff
et al. 2015). Additionally, the competition created by games may increase pupils’
engagement in challenging learning situations and improve their overall sense of enjoy‐
ment. When game’s wining conditions require working with other players, collaborative
dynamics can also be promoted (Hwang et al. 2015).

The EduPARK project aims to contribute to the SUP concept by designing, imple‐
menting and evaluating the EduPARK game, supported by a mobile app, to promote
learning within the urban park Infante D. Pedro, located in Aveiro (Portugal). This game
includes several learning guides for different target groups (pupils, teachers and, possibly,
tourists) and is supported by geocaching principles (hunting treasures/caches with the
support of technology). The innovation of this project relies on the articulation of (i) new
and easy to explore technologies; (ii) geocaching games; and (iii) multidisciplinary educa‐
tional resources. The beta version of the EduPARK game was tested in the above-
mentioned SUP in order to gather pupils’ perceptions of the game as a means to improve
it. The project methodology follows a design-based research approach and this work
reports the implementation and evaluation phase (Parker 2011) of the first cycle.
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In the following sections, we briefly describe the EduPARK game, the methodolog‐
ical options, including the data gathering and analysis processes, as well as the results
and their discussion. In the final remarks section, empirical-based recommendations are
proposed for the improvement of the EduPARK game and for future work.

2 Development of the EduPARK Game

The EduPARK project proposes an activity that combines AR and geocaching games
in a SUP, supported by a mobile app. At the present stage, a beta version of the app was
already conceived. This first version comprised an interactive AR quiz-based game to
be played by teams of three or four pupils, in a friendly competition approach. Each
team needs to be accompanied by one adult monitor for safety reasons and also to collect
observation data. The basic structure of the app is summarized in Fig. 1.

One of the initial screens of the app prompts the players to identify their team and
select a learning guide (a in Fig. 1): one for First Cycle pupils (aged 9–10) and another
for Third Cycle ones (aged 13–14). Only learning guides for these two Cycles were
included in the app, because its beta version was to be tested by a convenience sample
of pupils as explained in methodological options section.

The quiz questions, as well as the predefined path in the SUP, are different depending
on the selected guide. A short tutorial (b in Fig. 1) explains how to use the camera tool
to recognize the AR markers. These unlock the access to information relevant to answer
a series of questions related to each specific location. Next, the players can initiate the
cycles (example in c in Fig. 1): (i) following instructions to find a specific AR marker;
(ii) using the device to recognize the prompted marker; (iii) accessing a set of multiple-
answer questions; and (iv) receiving adequate feedback to answers and scores, if
answered correctly. The app also provides feedback through the constant display of
accumulated scores and offers a sense of progress through the number of questions
answered, locations visited and caches discovered vs. the total number of these items.
The app integrated the search for and discovery of three physical caches in the SUP.

To support the players’ progress, the app provides a number of tools: camera (to
recognize AR markers and take pictures), backpack (to see the pictures taken), compass
(to support the players’ orientation in the park) and a map of the park (with the players’
location as well as the next location or cache to visit). At any time, the players can access
the help menu, accessed through the blue button available at the top of the majority of
screens. This menu has a general help screen explaining the meaning of the symbols
used in the general screen of the game (see d in Fig. 1), and a help screen for each tool
of the game. Finally, the last screen (see e in Fig. 1) displays the overall performance
of the team, with the total score, the number of correct and wrong answers and the
completion time of the game.
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[a: team profile]

[b: tutorial]

c: Cycles of 

i: instructions to
AR marker

ii: marker 
recognition

iii: questions 
and information

iv: feedback[d: help]

[e: final screen]

(optional)(optional)

Fig. 1. Structure of the EduPARK app, illustrated by print screens of the beta version of the app,
available only in Portuguese language
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3 Methodological Options

As the focus of the EduPARK project is the development of a learning intervention in
a real educational context, involving multiple iterations for refinement and evolution of
a mobile AR game, a design-based research approach was considered suitable to achieve
its objectives (Anderson and Shattuck 2012). This approach includes two or more cycles
of four phases: 1. analyze the problem; 2. design and develop potential solutions;
3. implement and evaluate; and 4. reflect and report (Parker 2011). The present paper
reports the results of the third phase.

The data gathering techniques selected to evaluate the game were an observation
protocol and a focus group interview at the end of the activity, allowing triangulation
(Amado 2014). The observation protocol was filled in by monitors and comprised two
main parts: (i) a think aloud section to register pupils’ behavior and perceptions; and (ii)
a critical incidents section to collect information about problematic or positive events.
At the end of each session, pupils were randomly distributed in two groups in order to
conduct two simultaneous but independent focus groups, to facilitate the sharing of their
perspectives about the EduPARK game and associated app. Focus groups have been
recognized as useful tools for pilot tests in educational research, as they allow inter‐
viewees to explain their experience in depth (Williams and Katz 2001). All pupils of
each focus group belonged to the same class, hence, were familiar with each other. Two
focus groups had 11 pupils (Third Cycle) and four had 13 pupils (First Cycle).

The pupils were asked to: (i) classify (on a 1 to 5 scale, being 5 the maximum score)
and justify their enjoyment of the experience, so that perceptions of their satisfaction
could be understood; (ii) classify (using the same scale) and justify the easiness of the
game, so that difficult features could be identified; (iii) propose suggestions to improve
the game; and (iv) give their overall opinion of the experience. The interviews were
audiotaped, and were moderated with flexibility, varying from 8 to 21 min, with an
average time of 15 min. Observation notes and focus groups transcriptions were
submitted to content analysis (Amado 2014), aiming to uncover the game positive
features and the ones needing improvement. The categories emerged from the empirical
data and are described in the next section.

The implementation and evaluation of the EduPARK game were conducted under
the Open Week of Science and Technology of the University of Aveiro, in November
2016. The main purpose was to gather pupils’ perceptions to improve the EduPARK
game. This evaluation focuses on the pedadogical features of the EduPARK game. The
technical evaluation of the app is described in another work (Pombo et al. in press).
During the inscriptions period to the evaluation activities, two teachers of the First Cycle
and one of the Third Cycle showed their strong interest in participating. Hence, the
convenience sample of pupils/users of the app. Their characterization is showed below
(Table 1).

At the beginning of the game, each group received a mobile device with the app, and
the monitors presented the game and explained how to use the app.

The next section presents the results of the preliminary evaluation of the EduPARK
game prototype and discusses them accordingly to the literature reviewed whenever
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possible. The anecdotal evidence provided improvement suggestions that will be
presented in Sect. 4.5.

Table 1. Characterization of the classes involved in the evaluation of the EduPARK game

Group Cycle N. of pupils Average age % of female % of male
1 1st 26 9.0 69.2 30.8
2 1st 26 9.0 50.0 50.0
3 3rd 22 12.9 31.8 68.2

4 Results and Discussion

Data collection gathered from participants (focus groups) and from observations was
both broad and specific, leading to concrete suggestions for improving the experience
of using the EduPARK game in loco. Positive and negative perceptions of the EduPARK
game are presented by categories, namely regarding enjoyment and level of difficulty.
Content analysis also allowed identifying improvement suggestions for the development
of new versions of the game.

4.1 Positive Perceptions of Enjoyment

First, pupils were asked to classify the activity using a scale, in which 1 stood for lower
enjoyment and 5 for higher enjoyment. The answers revealed that in all focus groups,
except one, the classification was 5. This implies that the activity was well rated by the
pupils. This result is in line with studies mentioned before that point out that AR tools
promote pupils enjoyment (Radu 2012; Pérez-Sanagustín et al. 2014; Akçayır and
Akçayır 2017). Justifications provided by the pupils were diverse, ranging from percep‐
tions that could imply the motivational value of the activity to the valorization of the
outdoor activities. In the following paragraphs we describe pupils’ justifications, illus‐
trating them with examples.

The first subcategory is related with ‘increased motivation’, as illustrated by the
citation: “The activity was enriching because it helped us to develop values and helped
us to wish for more learning …” (G3 pupil) and “Pupils said this activity is really fun
and cool” (G2, Observer H). This result is in line with the literature that reports that AR
and digital games can promote motivation (Kamarainen et al. 2013; Pérez-Sanagustín
et al. 2014; Dunleavy 2014; Johnson et al. 2016).

Pupils valued several aspects of the activity. Among them is the ‘valorization of the
social aspect of the activity’ as mentioned by two pupils: “I liked it because we are
socializing with our friends” (G1 pupil). Those results are similar to those of (Bacca
et al. 2014) that reports socialization with peers as one of the advantages of AR tech‐
nology. Another aspect was related with ‘valorization of the outdoor activity’: “I think
we can achieve better results outside the classroom, because we are in physical and
visual contact with the content we are supposed to learn” (G3 pupil). The possibility to
establish connections with content was also reported by (Bacca et al. 2014) and it was
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acknowledged to support situated and authentic learning (Ballantyne and Packer 2002;
Naismith et al. 2004). Pupils also pointed to the ‘valorization of the learning pace’, as
the citation shows: “… we learn quicker” (G3 pupil), and to the ‘valorization of the
immediate feedback’ on the correct and incorrect answers included in the EduPARK
game. For instance, one pupil stated: “I enjoyed it, because if we answered wrongly, the
correct answer would show and we could learn more” (G2 pupil). The immediate feed‐
back is related with increased learning performance (Kamarainen et al. 2013). This
feature provides an individualized learning strategy to heterogeneous groups of pupils,
giving an extra scientific explanation of the learning content activities integrated in the
interactive quiz-based game. This is also one of the reported advantages of AR tech‐
nologies in the literature, one that can promote autonomy (Kamarainen et al. 2013).

4.2 Negative Perceptions of Enjoyment

As described above, the majority of the pupils pointed out positive features of the
activity, but they did not provide negative justifications. Nevertheless, some pupils
highlighted some negative aspects of the activity related with the level of difficulty,
which are presented below.

4.3 Positive Perceptions of the Level of Difficulty

Concerning the level of difficulty, the pupils’ perceptions were rated between 4 and 5.
Two groups did not justify their classification. The ones who did provided the following
justifications.

‘Connection with the curricular content’ was one reason that pupils pointed out for
considering the activity easy, as illustrated by the citations: “As we already knew the
content, it was easier” (G1 pupil) or “Pupils stated that they already knew the information
about the European holly [Ilex aquifolium]” (G2, Observer F). This result is in line with
some authors’ recommendation concerning AR activities that they should be educa‐
tionally relevant for pupils (Akçayır and Akçayır 2017) and contextualized, which seems
to be the case of the EduPARK game.

‘Problem solving strategies’ were observed by several monitors that stated, for
instance, that: “[Initially] pupils needed the monitors’ help, but then they became more
autonomous in solving problems” (G2, Observer G).

‘Instruction adequacy’ was also observed by the monitors, who mentioned: “Pupils
easily understood when they had to move to another location” (G3, Observer I).

4.4 Negative Perceptions of the Level of Difficulty

Pupils justified their lower rates concerning the level of difficulty of the EduPARK game
referring to specific challenging aspects. One of the aspects is related to ‘difficulties with
the vocabulary’, especially observed in the younger groups: “Pupils didn’t know the
meaning of ‘fertilizer’ and ‘honoring’” (G2, Observer F) or “Pupils didn’t know what
plans of symmetry were” (G1, Observer E).

96 L. Pombo et al.



Concerning the ‘location of the AR markers’ pupils apparently had different views.
Some considered them too easy to find: “I believe they should be physically better hidden
[referring to the markers]” (G3 pupil); others too difficult: “The last one [marker] was
really hard to find” (G3 pupil). Geocaching aspects of the game were also pointed out
by the monitors. For example: “Pupils didn’t understand how to use the compass” (G2,
Observer F) or “Pupils didn’t find the right direction” (G1, Observer E).

4.5 Improvement Suggestions

Pupils’ improvement suggestions emerged during the activity (registered by the moni‐
tors) and the focus groups. They were related with three subcategories: (i) dynamic of
the activity, (ii) types of questions, and (iii) interest of the activity.

Concerning the dynamic of the activity, several subcategories emerged. For example,
pupils’ opinions about the ‘teams’ constitution’ were not consensual, as some of them
preferred to work in smaller groups: “I think it would be better to play in teams of only
two or three pupils” (G1 pupil), and others favored bigger teams, since “Maybe playing
in bigger teams, because [more elements] can think better” (G3 pupil). These contrasting
opinions can be related to differences between pupils’ ages (9–10 and 13–14). Never‐
theless, one of the pupils’ concerns was related with the collaboration level within the
team, which may be created in gaming situations, as claimed by Groff et al. (2015).

The youngest pupils proposed to ‘extend the activity’: “I think the activity should
have more questions and cover more places in the park” (G1 pupil). This fact may be
associated with a stronger level of enjoyment with the activity reported by the youngest
pupils (who classified the activity with 5 points).

The following subcategories are related with pupils’ suggestions for designing other
types of questions for the game. Pupils proposed to include ‘more subjects’ in the
learning guide, such as Portuguese, English, Astronomy, and Sports, as well as to include
more ‘diverse questions’. For instance, one pupil suggested a new type of question, based
on visual recognition: “I would like to see questions that ask me to go to a location
represented in a photo” (G1 pupil).

Pupils provided valuable hints to increase the interest of the activity related to the
inclusion of ‘different paths and sites’. For example, pupils proposed: “… we should
have more locations. For instance, I think that we could focus more in the lake, since
we have a very beautiful lake [in the park]” (G3 pupil); “Different paths should be
implemented” (G1, Observer B). Another pupil’s suggestion was related with
‘preventing cheating behavior’, as expressed in the following citations: “I think that the
hints should be different from team to team because, when a team is behind, they can
copy what the others are doing” (G1 pupil) and “Pupils think that the teams should have
staggered starts during the activity” (G1, Observer D).

Finally, pupils also suggested to ‘increase the competition’, as revealed by these
citations: “We could take a photo nearby the caches and then, the best photo would be
the winner” (G2 pupil) and “One of the criterions [to win] should be the time, to increase
the competition” (G3 pupil).
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5 Final Remarks

The development of the EduPARK AR game follows a design-based research approach.
In this work we present the implementation and evaluation phase of the first cycle. The
game was experienced by pupils in a SUP, the Infante D. Pedro park in Aveiro
(Portugal). Data gathering techniques included focus groups (with pupils) and obser‐
vation (made by monitors). The authors acknowledge some limitations, such as the loss
of participants’ nonverbal cues (Parker 2011), as the interviews were audiotaped and
not videotaped. Another aspect to consider is the fact that the pupils were interviewed
in a group, which has the potential to standardize the participants’ opinions (Parker
2011). However, given the available resources and setting for the conduction of the
interviews, these limitations may not affect the results, taking into account that the aim
of this work is to collect the players’ opinions regarding the activity in loco.

Results suggest that pupils’ considered the game enjoyable and easy to play.
However, some negative perceptions were also pointed out. These results allowed us to
propose the following design principles for educational games for SUP. The game
activities should:

• increase pupils’ motivation to learn (Pérez-Sanagustín et al. 2014; Dunleavy 2014;
Johnson et al. 2016), by providing immediate feedback (Kamarainen et al. 2013) and
promoting the socialization among peers (Bacca et al. 2014);

• value the outdoor aspects of the activity, as well as the SUP related content that
promotes situated and authentic learning (Ballantyne and Packer 2002; Naismith
et al. 2004);

• allow contact with nature, which seems to promote learning at a faster pace than in
the classroom and may increase learning performance (Kamarainen et al. 2013);

• offer opportunities to learn local culture and history issues;
• be connected with the curricular content (Bacca et al. 2014) and employing problem

solving strategies in order to develop autonomous learning;
• provide adequate instructions, by attending to eventual difficulties to interpret the

game questions and using suitable vocabulary. If support is given, new vocabulary
can be introduced;

• be challenging, for instance, by balancing the difficulty of the AR markers localiza‐
tion.

The above-mentioned design principles may contribute to create better learning
experiences supported by significant data retrieved from pupils’ perceptions and their
performance while playing (Groff et al. 2015). Pupils’ offered several relevant improve‐
ment suggestions, such as: increase the activity length, provide different paths and sites
in the SUP, increase competition to promote enjoyment and learning (Prensky 2007)
while enabling collaboration (Groff et al. 2015), as well as diversify the type of questions
and of disciplines involved. These suggestions will be considered in future work under
the EduPARK project. The results show that combining mobile technology with outdoor
gaming activities allows learning to move beyond traditional classroom environments
that pupils can explore and, simultaneously, make connections with curricular content.
Furthermore, the EduPARK game provides collaborative, situated and authentic
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learning. It also offers new challenges, opens up horizons and opportunities for Science
Education. The EduPARK game already integrates some of these recommendations
[dynamic of the activity, types of questions, and interest of the activity], because the
EduPARK researchers recognize that the game competition is an important aspect for
promoting enjoyment and learning (Prensky 2007). In line with (Kamarainen et al.
2013), it is also acknowledged that the Aveiro SUP has important educational potential
to develop formal and informal learning about ecological conservation, biodiversity and
city historical patrimony, which will be reinforced in future versions of the EduPARK
game.
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Abstract. The pervasiveness of mobile phones enables people in marginalised
contexts, including African rural areas, to access the Internet. Evidence suggests
that women are increasingly at the forefront of ICT adoption. This paper explores
how and why women in Dwesa, a South African rural area, learn to access the
Internet on their mobile phones. Extensive research in this area was analysed to
provide a solid background to a small-scale, in-depth qualitative study. Our find‐
ings reveal that rural women can be digitally literate and information-aware users
who are deeply embedded in local social networks and use their phone to mediate
the local context. This is significant as it contradicts a stereotypical image of
African rural women as marginal participants in the information age.

1 Background

Mobile phones have been diffusing faster than any other technology in history, as
observed by various scholars and agencies (Castells et al. 2007; GSMA 2015; Goggin
2006). Ahonen (2008) notes there are “twice as many cell phones as television sets, three
times as many cell phone subscribers as internet users, four times as many cell phones
as personal computers, five times as many cell phones as cars”. In fact, half (3.6 billion)
of the world’s population now has a mobile subscription and 60% of these are smart‐
phones (GSMA 2015). Mobile phones have become the technology of choice for devel‐
oping countries to reduce the connectivity gap (Castells et al. 2007). Aker and Mbiti
(2010) note that the adoption of mobile phones in some African countries have exceeded
expectations. Africa is the second largest mobile phone market in the world after Asia.
Mobile phone penetration in Africa is 67% (Adepetun 2015) and according to Frost and
Sullivan (2015), it is expected to rise up to 79% in the next 5 years.

Mobile phones play a major role in internet access in the developing world. In Africa,
most people access the internet for the first time on their mobile phones (Donner 2008).
The emergence of mobile internet coupled with the widespread uptake of internet-
enabled mobile phones contributes to Internet adoption (Deen-Swarray 2016). Since
2010 mobile is the primary form of internet access in South Africa exceeding dial-up
connections (Goldstuck 2010). As of the end of 2014, the mobile penetration rate in
South Africa was 133%, which means many people use more than one device (Fripp
2014). As reported by the KCPB Internet Trends 2015 47% of mobile phones in South
Africa are smartphones (My Broadband 2015). Mobile phones have not only changed
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the way in which people communicate but also the way they consume media and interact.
The mobile phone has been able to merge all previous media into one device. Moore
(2007) states, “the consumption of news, the playing of music, watching TV, listening
to radio, even viewing movies are all possible on a mobile device. And the internet’s
two unique capabilities, interactivity and search, are also available on the mobile plat‐
form” (Moore 2007). Internet-enabled mobile phones, i.e. devices that can access the
internet or successfully run an internet application (Ezemenaka 2013), are accessible
even in remote rural areas (see Dalvit et al. 2014; Goldstuck 2013; Collopen 2015).

Obijiofor (2015) found evidence that people in rural areas are using mobile phones
to improve their living conditions i.e. looking for employment opportunities, knowledge
acquisition, cultural preservation and the promotion of minority languages. Research
into mobile phones has concentrated in urban areas (Clayton-Powell 2012; Kreutzer
2009; Kalba 2008). Although over 60% of South Africans reside in urban areas, most
people in poorer provinces such as the Eastern Cape live in rural areas (Statistics South
Africa 2011; Statistics South Africa 2015). People in rural areas mainly access the
internet on their mobiles (RIA 2012). Over 90% of people in rural areas use prepaid
mobile services due to lower or irregular incomes and the fact that prepaid services do
not require a bank account or proof of physical address (Esselaar and Weeks 2007). As
prepaid generally costs more than contracts (e.g. the cost per megabyte is higher) mobile
communication is comparatively more expensive for rural than for urban dwellers. Pade-
Khene et al. (2010) note rural households in rural Eastern Cape spend an average of
R160 out of an income of R1000 every month on mobile communication. This represents
a substantial portion of disposable income. A comparative study of township and rural
students shows that, despite similar levels of access to mobile phones and use for
communication, rural students lagged behind by between 22% and 37% in internet-
related activities i.e. web browsing, email, social networks etc. (Gunzo and Dalvit
2012). A study conducted in a rural area in the Eastern Cape shows 50% of young people
perform networked related activities when compared to 15% of older people (Dalvit and
Strelitz 2013). Women perform more networked activities and money-related activities
than men and the gender gap increases with age. Qualitative follow up suggests that
(particularly older) women have access to phones with more advanced features because
they are the recipients of social grants (Dalvit and Strelitz 2013).

Women appear to be at the forefront of ICT adoption in Dwesa, a rural area on the
Wild Coast of the former homeland of Transkei (Mapi et al. 2008). For over a decade,
the area has been the site of the Siyakhula Living Lab, an ICT-for-development project,
and human and social dynamics related to technology in the area are well documented
(Thinyane et al. 2008; Pade-Khene et al. 2010; Christoferi 2015). A multidisciplinary
group of researchers from Rhodes University and the University of Fort Hare engaged
in extensive digital literacy training ranging from computer literacy to the use of mobile
phones as creative tools (see Dalvit et al. 2006; Dalvit 2015a). In both research and
training activities, women constitute an overwhelming majority of the participants.
Villages adjacent to the Dwesa nature reserve are equipped with networked computer
labs, which serve as points of access to the internet for the neighboring communities. A
study conducted by Gunzo and Dalvit (2014) suggests that 70% of young people in the
area have access to a mobile phone and that mobile phones are the most common ICT
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devices used in the community. Moreover, they noted a 20% yearly increase in the
proportion of users who have access to an internet enabled mobile phone. Since many
people have access to a mobile phone in Dwesa, a substantial amount of time and money
is invested on the internet on these mobiles. Networked activities (internet-related activ‐
ities such as web browsing, email, social networks) are performed by most people i.e.
57% are using instant messaging and 64% are on social networks (Collopen 2015).

The present study focuses on a well-researched site to complement existing knowl‐
edge in terms of: (1) the reasons and processes of acquisition of mobile devices as well
as relevant skills; (2) the specific conditions and challenges of mobile use in rural areas;
(3) the perspective of women. Exploring how and why women in Dwesa become mobile
internet users could inform research and policy efforts focusing on the role of technology
in rural areas. Apart from a head start in digital literacy training and access to ICT in
schools, Dwesa is representative of many rural contexts in the country with a lack of
basic services, lack of infrastructure, high unemployment rates. As many other rural
areas (see Goliama 2011) Dwesa is a very traditional and largely patriarchal society.
Due to urban migration of working-age men, women constitute the backbone of the local
economic and social life (Pade-Khene et al. 2010). In 2005, the United Nations recog‐
nised that ICT could be used as a tool for women empowerment in the developing world.
Through effective use and access, ICT can improve literacy levels among women,
provide employment and entrepreneurship opportunities and promote gender equality
(UN 2005). Buskens and Webb (2009) note that although ICT policies are being imple‐
mented in Africa there is a lack of knowledge about how gender inequalities and ICT
affect each other, and it becomes important to understand how ICT can play a role in
improving the lives of women in developing countries. Hilbert (2011) notes that
compared to previous ICT, mobile phones show greater potential to bridge the gender
digital divide and empower women (see Dalvit 2015b and Buthelezi 2015 for some
examples from Dwesa).

2 Theoretical Framework

The diffusion of an innovation such as mobile internet use in a rural area can be under‐
stood in terms of characteristics of the innovation, communication channels used, time
it takes to diffuse and the relevant social system (Rogers 2003). Members of a social
system can be classified according to their role in the adoption process as innovators,
early adopters, early majority, late majority and laggards. Holden (2012) emphasizes
that technologies are embedded within a system of social structures that determines how
they diffuse. In Dwesa, educated and relatively mature women (e.g. the teachers
discussed in Mapi et al. 2008) can be considered innovators, i.e. they launched ICT use
into the social system and assumed a gate-keeping role. Qualitative research (Buthelezi
2015; Dalvit 2015b) suggests that women play a key role in adopting and conveying
internet use through interpersonal networks (early adopters) and providing intercon‐
nectedness to the systems interpersonal networks (early majority). Quantitative research
(see Gunzo and Dalvit 2014; Collopan 2015) suggests that mobile internet use is
reaching the point at which enough individuals use the internet to make further adoption
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self- sustaining (Rogers 2003). At the individual level Rogers (2003) identifies five steps
in the adoption process: knowledge; persuasion; decision; implementation and evalua‐
tion. Goldstuck (2010) notes that after gaining access to the Internet, it may take up to
5 years for a person to become an active internet user in South Africa. What this author
refers to as the Digital Participation Curve may account for the progression between
different steps in the adoption process.

It is important to distinguish between physical and epistemological access to the
internet. The former refers to ownership or sharing of a device that can access the
internet. The availability of cheap smartphones allowed for rural communities to access
the internet (Dalvit 2015b). In some African contexts, young (unmarried) women, may
be considered disreputable if they own mobile phones as it is assumed they have received
them through illicit romantic relationships (Sey 2011). Mobile phone sharing increases
access and may contribute to digital inclusion in a rural context (Dalvit and Strelitz
2013). Mobile phone sharing is a common practice in most African households where
mobiles are frequently used as household ‘items’ by family members (Aker and Mbiti
2010; ITU 2013). In some instances, married women use their husband as proxy to make
a call (Burrel 2010). In other cases, however, women may exploit their better control of
mobile technology to gain an insight into and exert covert control over traditional affairs,
by acting as proxies to their less ICT savvy husband (Dalvit 2015b).

The ability to effectively use ICT by overcoming barriers such as language, literacy,
ICT competence is referred to as epistemological access (du Plooy and Zilindile 2014).
With specific reference to Dwesa, Thinyane et al. (2008) note how the Western meta‐
phors shaping ICT tools may pose challenges to the acquisition of digital skills. Digital
literacy comprises a set of technical, cognitive as well as sociological skills to navigate
digital environments (Eshet-Alkalai 2004). Digital literacy refers to the ability to under‐
stand, evaluate and integrate information available on the internet (Gilster in Eshet-
Alkalai 2004). Eshet-Alkalai (2004) proposes five types of skills that are vital for digital
literacy, which are photo-visual literacy; reproduction literacy; information literacy;
branching literacy; and socio-emotional literacy. Photo-visual literacy (the art of visual
representation) is the ability to decode and understand visual messages such as icons
and symbols instead of wording. This aspect is particularly important in a rural African
context, where functional literacy (particularly in English) is relatively low. Reproduc‐
tion literacy (the art of creative recycling of existing materials) is the ability to create
meaningful and creative interpretations by integrating existing information, this allows
for originality and creativity when reproducing information online. The proliferation of
memes online (Bosch 2013) suggests growing competence as far as this aspect is
concerned. Branching literacy is “knowledge construction from information that is
accessed in a nonlinear manner” (Eshet-Alkalai 2004). Branching cognitive skills allow
for improved navigation performance on the web (Lee and Hsu 2002). Information
literacy (the art of skepticism) is the ability to evaluate and assess information properly.
Socio-emotional literacy allows users to be critical when consuming content online,
where online information can easily be published and manipulated. Eshet-Alkalai
(2004) explains that cyberspace is a global village with its own unwritten rule where
“socially-literate users of the cyberspace know how to avoid “traps” as well as derive
benefits from the advantages of digital communication” (Eshet-Alkalai 2004). As a
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global village with unwritten rules, users must be very critical, analytical and mature
with a high degree of information and branching literacy (Eshet-Alkalai 2004). These
digital literacy skills may not be unique to digital environments but allow for informed,
creative and navigational online participation and they are necessary to use ICT. Besides
formal instruction, people become digitally literate through experience. As an example,
when people start accessing the Internet on their phone they might be faced with unex‐
pected expenditures and learn to manage data sparingly (Goldstuck 2013).

People become mobile internet users for instrumental as well as symbolic reasons.
Getting access to internet-enabled mobile phones allows individuals to reduce commu‐
nication costs (Aker and Mbiti 2010). Buthelezi (2015) notes how women in Dwesa
save money by using their phone to access social grants and manage their savings as
part of local stokvels. Evidence suggests that social media provide an increased sense
of security for single mothers and unmarried women (see Dalvit 2015b). Roux and Dalvit
(2014) note how for rural women mobile phones are a tool to stay connected not only
to members of their communities but also the ‘outside’ world. Rogers (2003) notes that
perceived characteristics of an innovation (e.g. relative advantage, compatibility with
ones values, complexity, trialability and observable benefits) may influence the pace of
its adoption.

3 Methodology

The goal of the present study was to describe how a group of women of Dwesa became
mobile internet users. This was achieved by answering the following research questions:

1. How do women in Dwesa access the internet?
2. How do women in Dwesa become digitally literate?
3. Why do women in Dwesa become mobile internet users?

A descriptive case study approach was employed. Yin (1999) explains that “case
studies are the preferred strategy when ‘how’ and ‘why’ questions are being posed, when
the investigator has little control over events, and when the focus is on a contemporary
phenomenon within some real-life context”. (Yin 1999) Although a substantial body of
research on related topics exists for Dwesa and similar rural areas, the adoption and use
of internet-enabled phones is a relatively new phenomenon. Yin (1999) states that “The
primary purpose of a case study is to understand something that is unique to the case”.
The prominent role of women as pioneers and champions in the adoption and use of ICT
(Mapi et al. 2008) and particularly mobile phones (Dalvit 2015b) makes Dwesa an
interesting, though not necessarily unique, case for the study of how rural women
become online participants.

The three research questions were answered by analysing data collected through
different methods. Semi-structured interviews were conducted to find out how women
in Dwesa make sense of the process of becoming a mobile internet user (see Appendix
A). Five in-depth interviews were conducted with women of working age (18–60 years)
who have access to an internet-enabled mobile phone. Interviews yielded significant
amounts of information about facts as well as opinions from the individual’s perspective
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(Hancock and Algozzine 2006). Yin (1999) emphasizes that interviews should appear
as ‘guided conversations’ rather than ‘rigid or structured queries’. This was particularly
important for participants in Dwesa who may not be used to interviews as a research
method. This was also ideal to preserve anonymity and to share their experiences without
public scrutiny, as would have been the case in a focus group. Women who are classified
at different stages of Roger’s adoption categories were identified to reconstruct their
mobile phone narratives. In response to the research questions, a timeline was created
from when the participant first accessed the internet to when they became digitally
literate and mobile internet users. Convenience sampling was used to identify partici‐
pants from previous contacts made during workshops and training sessions in the area,
where additional participants were identified to ensure the inclusion of participants from
different age groups, with different socio-economic status, level of education etc. Data
from the semi-structured interviews were triangulated with observation and field notes
of ICT use in daily activities within the community as well as ICT training workshops.

4 Findings

Research participants represented a wide range of socio-economic and educational
backgrounds and varied in age and ICT competence. Interviewees could be briefly
described as: (A) a mature teacher who participated in formal ICT training courses; (B)
a senior person who is casually employed; (C) an unemployed single mother who took
part in informal ICT training; (D) a student from a relatively affluent family with
computer access at home; (E) an unemployed young woman with very limited means.
Possibly due to the inherent bias due to the research topic, i.e. mobile Internet use, most
of them would qualify as either innovators or early adopters. Irrespective of their age,
they started using Internet on a mobile phone relatively early in their life, which for
younger participants meant while they were still at school. All respondents owned a
mobile phone and some of them owned two, both Internet enabled. Models would range
between entry level and middle range (e.g. Nokia Asha). When talking about their mobile
phone, they often referred to its Internet capability as a decisive factor in choosing a
particular model. Phone ownership was the norm and age determined the mode of
acquisition. Younger women receive their phones as gifts i.e. from parents “I requested
my mother to buy me a phone if I passed my matric with good grades”, whereas the
older women bought their own mobiles, “I got a piece job and managed to save enough
money to buy my phone”. Evidence suggests that sharing of mobile phones as a house‐
hold item was limited to specific circumstances, linked to the acquisition of digital skills.
A young respondent stated that her mother (an ICT champion in the community) was
willing to share her phone so that she could learn to search for information for school
and cooking recipes online.

Digital literacy levels varied according to different aspects. Observation and inter‐
views supported claims made by all respondents that they possessed good levels of
photo-visual and reproduction literacy. All were familiar with icons and symbols
pertaining to online communication and mobile apps. Participants of all ages shared
multimedia material such as photos and videos. Younger women also created and shared
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memes. The relevant skills were acquired through interaction with friends and peers at
school or at work. One-way instruction only related to computers, with older women
learning about icons in a computer literacy course and a younger one being taught how
to use computers by her brother. The idea of learning how to use mobile phones in any
way other than social interaction was regarded as amusing.

Information was sought online about a wide range of topics, almost invariably
through a Google search. There was no evidence of branching literacy or critical infor‐
mation literacy and what was found on the Web was taken at face value. Despite having
taken a university course on ICT in Education, even a mature respondent did not prob‐
lematise the accuracy or veridicity of what she found online. In terms of socio-emotional
literacy, however, respondents seemed aware of the dangers present online and were
concerned about their privacy and security. A participant stated she is always on her
phone looking for jobs and staying current with news. Her online safety is very important
to her and she avoids giving her personal information to strangers, as she is aware of
fake job adverts and human traffickers. Another mature respondent expressed her
concerns about sharing her personal details online. The same level of concern could not
be observed among younger respondents, whose use of the Internet was limited to
recreation and education or self-improvement.

Reasons for becoming an online participant were primarily instrumental. The
younger unemployed women frequently cited reduction of communication costs as a
reason for becoming a mobile internet user “I wanted to chat to my sister in Grahamstown
as it is cheaper than making calls”. Communication with friends and relatives, particu‐
larly those in the cities, was cited by all respondents as one of the main reasons for using
the Internet. Other young women stated they learnt about ‘things they are not taught
about at home’ like reading beauty blogs, gaining self-confidence, Facebook Diaries and
advice about boys. Being up to date with “what is going on” was emphasised with clear
reference to the World outside Dwesa. Older educators become internet users to get
access to teaching resources for their learners such as Nalibali (a digital media campaign
to promote a reading and writing culture amongst children in all South African
languages). Other services only accessible outside Dwesa, such as banking and job
seeking were also provided as reasons.

5 Discussion and Conclusions

Being online is important for women in Dwesa and Internet capability was a decisive
factor in mobile phone choice. While modes of acquisition depend on age, ownership
of mobile devices far outweighs sharing. Learning of photo-visual and reproduction
skills takes place horizontally through interaction with family and friends at school/work
or within the family. There was no evidence of more cognitively demanding skills such
as branching and information skills despite formal teaching. However, respondents are
aware of risks online and appear to be security conscious. Reasons for becoming an
online participant ranged from saving on communication costs to keeping in touch with
distant relatives and friends.
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Among the respondents, age proved to be a significant factor affecting the mobile
Internet and digital acquisition experience. For older women digital literacy was medi‐
ated by formal or informal learning about computers, while younger ones were mobile-
first users. Dwesa being a relatively poor area, issues of cost also played a significant
role, e.g. in determining the type of applications used and activities performed. The rural
condition was referred to indirectly in terms of distance from people, services and events.

The work described here illustrates the nuances of mobile devices and related skills
acquisition. It also relates mobile uses with specific constraints of the rural area under
consideration as representative of many African realities. Future research should focus
on the differences between formal and informal learning in relation to mobile literacies.
In particular, while basic use skills can be learnt from peer and by trial and error, more
advanced and critical forms of literacy appear to require explicit teaching. Intergenera‐
tional transfer of skills also emerged as a potentially interesting topic for further explo‐
ration. The relatively small sample allowed for in-depth understanding but does not
allow broad generalisation within the community, let alone across different contexts.
Similar studies could be replicated among women in urban or peri-urban areas for
comparison. While the research design we employed was suitable for an initial explor‐
atory study, a direct comparison between genders and an exploration of gender dynamics
in relation to mobile acquisition and use would provide a more comprehensive picture.

Appendix A: Interview Schedule

1. What type of mobile do you have?
2. How did you get it?
3. When did you get your current phone?
4. Why do you have that particular device?
5. What is the Internet for you?
6. Where (on which device) do you access the Internet?
7. When did you first access mobile internet/when did you get your first phone that

had internet?
8. Why did you first access mobile internet?
9. How did you learn about mobile internet?

10. How did you learn to use the Internet on your phone?
11. How did you learn about the symbols and/or icons on your mobile?
12. How/Where do you search for information on the internet?
13. What do you use the Internet for? When last?
14. Do you share content online?
15. What content do you share? How do you share the content?
16. Do you create videos or memes?
17. What do you use the internet the most for? When last?
18. What do you use the internet the least for? When last?
19. As a woman what are some of the problems that the internet helps you solve on a

daily basis?
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20. As a woman what does it mean to have internet access on a mobile? How would
you say it is different for men?
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Abstract. In light of the European migrant crisis and considering the growing
use of new technologies by humanitarian agencies in their operations, it is impor‐
tant to reflect on the possible social and technological convergence of these
phenomena in an attempt to minimize the damages and respond to the needs of
refugees. This research focuses on the adoption of new technologies in humani‐
tarian aid, with emphasis on the use of smartphones by refugees who escape the
various wars occurring in countries such as Syria or sub-Saharan areas and that
are trying to successfully adjust to their host country.

Keywords: Refugees · Infocommunicacional strategies · Mobile apps ·
Humanitarian aid

1 Introduction

The widespread use of smartphones that has been happening in the last decade and the
always increasing development and use of instant messaging and social networking
platforms, are essential factors of a digital culture that manifests itself in a set of
communication media in the daily life of individuals. This rapid spread of ICT is also
changing the approaches and strategies used by organizations and individuals involved
in situations of conflict and natural disasters. New technologies enable at-risk commun‐
ities to quickly and easily send out requests and alerts and share important information
with humanitarian aid agents.

Currently, populations affected by disasters or conflict find it easier to access infor‐
mation and many of the information needs that arise during a crisis can increasingly be
answered faster thanks in large part to mobile technologies. The development of an
humanitarian approach that is more geared towards new technologies is therefore essen‐
tial and inevitable. New technologies, such as smartphones, SMS, georeferencing, social
media and crisis mapping, enable affected communities to access, produce and share
useful and actionable information. Consequently, many humanitarian agencies are
starting to adopt these instruments in their initiatives, always taking into account the
feedback provided by the communities.

This investigation, which is still under development, focuses on the features of some
existing technologies used in humanitarian aid, and subsequently, we’ll evaluate the
combined uses of the various mobile apps and websites aimed at refugees through
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interviews and focus groups with their users. We expect to come to an understanding of
the features available in these apps and find out if these are appropriately tailored to the
needs of its target audience. To this end, there will have to be an approach not only with
refugees, but also with representatives of aid organizations, in order to investigate
possible gaps that will allow us to develop a mobile application that takes these opinions
into account.

2 Infocommunicacional Strategies to Enhance the Response
to Forced Displacement

For this paper, we consider a refugee a person who is forced to leave his or her country
of origin due to an armed conflict or persecution. Until they are registered with The UN
Refugee Agency (UNHCR), displaced persons are not officially considered as refugees,
as such they have no right to protection or assistance from organizations. The lack of
safe access to humanitarians and numerous administrative and political factors stand out
as the main obstacles to humanitarian support in Syria. The country is considered one
of the most dangerous countries in the world for humanitarian or health professionals,
and humanitarian facilities are deliberately targets from all groups involved in the
conflict (OCHA 2016). It is opportune to use techniques and tools that refugees have
access to and give them some agency so that they aren’t merely dependent on humani‐
tarian aid.

There are now more portable devices, especifically smartphones, than people (ITU
2016a). This ubiquitous access to these devices and to the internet is generating new
ways for affected communities and humanitarians to organize and respond to obstacles
and necessities. According to data from ITU (International Telecommunication Union),
80% of the global population uses smartphones e 33% accesses the internet through a
handheld device. In a lot of developing and underdeveloped countries, internet access
is made almost exclusively through mobile devices. As such, is very likely that commun‐
ities affected by conflict or natural disasters produce and consume digital content (ITU
2016a).

The fact that refugees have smartphones in their possession has been one of the
arguments used to discredit their situation, mistakenly assuming that they do not need
help because they have money to purchase these devices. However, as prices of these
continue to drop, along with a decline in mobile network subscriptions prices (ITU
2016b), these factors made them accessible to the most underprivileged individuals. The
smartphone and the internet have become a vital part of a refugee’s daily life. With these,
they can access maps, public transport schedules or check social media for tips and real-
time information on possible obstacles from other refugees (Plataforma de apoio aos
refugiados 2016). Refugees in Syria use YouTube to share images of what is happening
and use Skype and WhatsApp to get in touch with family and friends in their home
country, to get information and to send requests to the humanitarian community (IFRC
2013). These tools have been instrumental for individuals in Syria to conduct themselves
and deal with their problems more efficiently.
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The omnipresence of smartphones has also contributed to a propensity of monetary
remittances made on these devices, and currently, most of the donations to social causes
are made through mobile phones and social media. There has also been an increase of
these money transfers to communities in the diaspora, who transfer directly to friends
and family in the countries of origin (Loh 2016). Thanks to smartphones, refugees are
able to perform this task quickly and in a more efficient way. It is also an approach that
has been successful with humanitarian agencies, with some giving out vouchers to be
exchange for food and shelter (IFRC 2013).

A study conducted by Internews found that the information that refugees most value
are news about their family in the country of origin, how to find work in the host country
and information on food and housing (di Giovanni 2013). As for Wall et al. (2015), they
learned that the most important information for refugees’ day-to-day lives are news
about personal contacts in the camps, in Syria and about the Syrian conflict and infor‐
mation on the aid programs available in the camps. The vast majority (63%) prefer to
be contacted through mobile phone/SMS, while the rest are divided between preferring
face-to-face contact with officials, or looking through the internet, television or news‐
papers as a means of obtaining information. In both studies, most refugees believe that
it would be extremely helpful to receive information about aid services on their mobile
phones and that the use of these devices is essential to their daily life. Only 14% of the
participants said they did not have access to a mobile phone and 40% of those who do
have one, have a smartphone. These are mostly used to make and receive calls and text
messages, with instant messaging apps like Whatsapp being the most popular means of
communication among all classes of refugees (di Giovanni 2013).

Communities can then more easily communicate and share important information
with each other. Whether through this sharing of information or of clothing and food,
diasporas and local communities, allied with technologies, are increasingly using a do
it yourself approach, somewhat diminishing the humanitarian agencies’ role (IFRC
2013). And aid agencies are no longer merely dependent on information shared by other
humanitarian organizations and the media, but can also access information generated
by the communities themselves. They too are generators of structured and georeferenced
digital data in various formats, such as text, image, video and voice thanks to the use of
geospatial technologies (IFRC 2013). Georeferencing technology recognizes the
geographical position of the individual and this way, he/she will have access to more
information about that place or specific elements of it via videos, sounds, texts, info‐
graphics, etc. These technologies allow its users to contextually learn the information
and also contribute to add new material, suggestions and emotions to this territory
(Oliveira and Baldi 2015). And so, this geographic information is no longer merely
produced by official institutions and private mapping companies, but are also created by
individuals who want to share their data with other users. Due to smartphones and mobile
apps that use type of technology, the map as we know becomes a digital and dynamic
one, an interface in which its content is shared and social networks are established (Baldi
and Oliveira 2013).

Information and communications technology (ICT) create a continuous necessity of
upgrade and adaptability of the tools that humanitarian agencies employ in their actions.
ICT allowed them to create new registration and support systems that help them
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distribute their aid. Institutions, such as UNHCR, started using databases to determine
the size and structure of a population. Instruments like this help aid agencies to coordi‐
nate their efforts and resources more efficiently. Organizations also use these new tech‐
nologies to send out alerts, train volunteers, connect and engage with communities at
risk and to raise awareness and monetary funds (Loh 2016).

A number of humanitarian organizations are experimenting with these new sources
of information, digital technology, data collection and real-time monitoring platforms,
such as the American Red Cross’ Social Media Digital Operations Center, the first center
for humanitarian aid actions based on content from social media. The center uses soft‐
ware (Radian6) to control and analyze social media in real time and allows the Red Cross
to do a personalized and specific search to better respond to the needs of its users. And
since the software allows up to 25 users, a number too high for the institution to perma‐
nently keep up, it followed the example of the DHN and trained volunteers on how to
use the software (IFRC 2013). Radian6 is used as a tool to monitor and analyze mentions
of a company, brand or keywords made on social media and also allows real-time inter‐
action in the website where the remarks are taking place (Web Analytics World 2012).
As such, it is mainly used by companies as a marketing tool, not having been developed
with the aim of aiding humanitarians. And given that the humanitarian sector does not
represent a financially attractive market for software development companies, they
rarely maintain or upgrade humanitarian aid programs. Hence organizations have to
resort to open-source software, or in the case of Radian6, costly options (IFRC 2013).

2.1 Crowdmap as Collaborative Intermediation

The vast majority of these aid tools rely on crowdsourced crisis mapping. This instru‐
ment consists of a map that encompasses the collection, visualization and analysis of
data in real time during a crisis thanks to information acquired by mobile applications
or websites, aerial and satellite images, etc. (Meier 2011). Standby Volunteer Task Force
(SBTF) is one of the multiple initiatives of professional humanitarian networks that
dedicate themselves to humanitarian aid online. The non-profit organization created a
crisis map of Libya with content from social media and from the Office for the Coordi‐
nation of Humanitarian Affairs (OCHA) which provided them with a list of indicators
such as people displacement, health, logistics and threats. The map, password protected,
allowed volunteers to check, analyze and verify vast quantities of information related
to these categories. Later, a public map was also made available, however the informa‐
tion in this was anonymous and only disclosed with a 24 h delay for security reasons
(SBTF & OCHA 2011). During a crisis, people need to have fast and easy access to
information that its relevant to them and, such information, must be arranged intuitively
and offer feasible data. And that’s where these live maps come in and quickly facilitate
the visualization of what is happening and where, improving the knowledge of the
situation in question.

For Jesse Hardman and Jacobo Quintanilla, messages of support and information
sharing as a form of assistance are often best delivered by individuals who share a link
with both local communities and humanitarian agencies. The authors mention the case
of Ramanan Santhirasegaramoorthy, a radio host with a show in Sri Lanka aimed at
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people displaced by war. The host provided news and information to individuals about
where to find basic resources, how to stay safe, and how to get in touch with humanitarian
and government agencies. After learning about the show, Internews trained Santhira‐
segaramoorthy and his team, teaching them humanitarian principles, how to do disaster
coverage, how to work with the government, military and humanitarian organizations
and how to connect and interact with listeners in need of help. Currently living in Canada,
Santhirasegaramoorthy now hosts a radio show aimed at the Tamil diaspora living in
the country. In his new platform, he focuses on issues related to integration, sharing tips
on how to adjust to life in Canada and how to deal with the stress of living and working
in a Western society (IFRC 2013).

2.2 Networks of Reliability to Filter News Online

This easier access to content creation and sharing allows individuals to self-organize
and help others at risk. However, this also prompts for an overwhelming amount of
information online that makes it harder for both organizations and individuals to filter
it. Hence the importance of initiatives such as the Digital Humanitarian Network (DHN).
DHN was designed “to provide an interface between formal, professional humanitarian
organizations and informal yet skilled-and-agile volunteer and technical networks”
(Digital Humanitarians 2015). The members of this network are diverse, from large
corporations to small and medium-sized non-governmental organizations, and each has
a multiplicity of skills among them, cartography, social media monitoring, technology
development and data analysis. Launched in 2012, DHN has already provided infor‐
mation, imaging, mapping and technical crisis development to organizations such as
OCHA and Doctors Without Borders (Digital Humanitarians 2015). One of the inter‐
faces that has been developed is the “Services Advisor” that links refugees to the
humanitarian agencies they need most. The interface aims to facilitate the sharing of
information about humanitarian services available in Jordan and to enable aid organi‐
zations and governments to communicate with each other. Its contents are updated
weekly by humanitarians on the ground and can be filtered by type, location and prox‐
imity to the service (PeaceGeeks n.d.).

As with traditional media, social media also act as a critical medium in the spreading
of information during conflict. However, the vast amount of information available in
these makes it difficult to filter the most important and relevant content. As so, it is
appropriate to use tools that simplify and verify this research, as a way to accelerate this
process. Thus the initiative of the Federal Emergency Management Agency (FEMA)
during Hurricane Katrina, that created a “rumor control” site listing all the rumors
circulating about the disaster and labeling which ones were true and false. As for Twitter,
the social network is the online tool most used to share information during disasters and
conflict. This audience preference comes mainly from the hashtags that this social
networking site has popularized and that make it easy to categorize, find and participate
in conversations on a particular topic (Hashtag Definitions n.d.). During typhoon Pablo,
the Philippine Government regularly used its Twitter account to make status updates
and created specific hashtags so that people could keep track of the situation (#PabloPH)
and also to ask for help (#reliefPH and #rescuePH) (IFRC 2013).
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The use of new technologies in humanitarian action offers concrete ways to make
aid more efficient, accountable and transparent. However, it is worth noting that in a lot
of affected areas, in addition to scarce information, there might be limited mobile
network coverage, restricting both the population and humanitarians of access to the
internet. Therefore, to reach the highest numbers of individuals possible, there has to be
a balance between the use of tradicional media, such as newspapers and radio, and new
technologies. Instead of trying to figure out which of these is the most effective, since
literacy and digital literacy is going to differ from area to area. Aid humanitarian agencies
should keep in mind which information is the most relevant, which channels those indi‐
viduals use and trust and how they communicate with each other and with other
communities (IFRC 2013).

3 Final Considerations

For the purpose of this short paper, we’ve summarised our listing of the state of the art
of the mobile applications for refugees to the three we found more interesting and rele‐
vant to the product we’re trying to develop. “RefInfo” is a mobile app, available for
Android and iOS, intended for refugees arriving in the Netherlands. With this app, the
creators hope that refugees are able to find all the information they need in one single
place. Its menu consists of: a ‘news’ section with links to Facebook pages of media and
aid institutions; a ‘next step’, with numerous categories with information regarding
legislation, accommodation, how to open a bank account, insurance, SIM cards, inte‐
gration, among others; an ‘about the Netherlands’ section about the country, its customs,
culture and history; a division dedicated to the learning of Dutch, with multiple YouTube
videos and sound clips to learn the language; a section with dutch cartoons aimed at
children, mainly for keeping them entertained in the waiting queues; and in ‘locations’
we find several Embassies and Migration and Foreign Services contacts. All its menus
and contents are in English and Arabic.

“Helphelp2” is an app that connects organizations to volunteers who want to help.
When opened, the application shows a map of the area where the user is with the places
he/she can go to provide help, like making a donation, for example. Each location on
the map is identified with the name of the institution, opening hours, distance, address
and items they would like to be receive from donors. The vast majority of these data are
centered in Germany and the remaining few in Austria.

Also taking advantage of the georeferencing technology, it’s the Android app
“Refugee Aid”. Aimed at refugees and citizens who want to help them, the application
works as a service and goods exchange platform, proving information on offers around
the area where the user is. When logged in, volunteers can create offers with whatever
they would like to provide, like clothes or housing, or a simple invitation for a meal,
always stating a contact and location. And the refugees, can put up ads asking for some‐
thing that they need.

As previously mentioned, this paper is the first step in an ongoing investigation,
where the final goal will be to develop a mobile application that can help refugees with
their integration in Portugal. In this initial phase, we strived to make an approximation
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to the subject of refugees and new technologies by listing pertinent literature and some
mobile applications that support refugees. Later on, qualitative data will be collected
from refugees and representatives of humanitarian organizations in order to generate an
in-depth understanding of the uses, trends and potential of mobile applications in migra‐
tory diasporas. In our final product, we hope to comprise not only the invaluable infor‐
mative nature of apps like “RefInfo”, but also the social component present in “Refugee
Aid” and “helphelp2” that we believe is vital for better integrating refugees in a context
with such different languages and lifestyles than what they were used to (Fig. 1).

Fig. 1. Screenshots for the apps RefInfo, helphelp2 and Refugee Aid, respectively.
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Abstract. Participation in decisions surrounding city-related interests promotes
transparency of governance, enables progress, democracy and enhances the
empowerment of citizens as central elements in a political, economic and cultural
context. The purpose of this paper is to highlight the relevance of online digital
platforms to enhance participatory citizenship in the current social, economic and
political fabric of cities, through the analysis of a case study. In this way, this
paper focuses on the case study of the LXAmanhã platform, as part of an on-going
research on online platforms to support participatory citizenship. The design and
functionality of the platform were analysed, as well as the data related to the
projects submitted between 2012 and 2016. The results translate into insights and
thoughts regarding citizens’ participation in the platform, platform mechanisms
and features and technological resources for the future. However future work is
still needed, it was possible to conclude that the main challenge for these platforms
is sustaining the community participation and significant engagement.

Keywords: Participatory · Citizenship · Culture · Digital platforms · LXAmanhã

1 Introduction

Citizens’ participation in decisions surrounding city-related interests enables progress
and democracy and, in addition to fostering common discourse, also enhances the
formation and development of people as central elements in a political, economic and
cultural context. Nowadays, digital platforms and environments are increasingly used
to support the manifestations of the participatory citizenship and for the debate and
organization of social and societal transformations. In some cases, citizen participation
happens passively, as a result of requests from government agencies, non-governmental
organizations, associations, syndicates or private companies. Accessing online public
services, viewing parliamentary proposals, seeking information on transport, services
and cultural activities are simple and common tasks, available through various tools and
platforms.

Participatory culture, especially in the current context of Web 2.0, asks citizens for
active and voluntary social action, which should consider the collective commitment to
fundamental decisions that affect life in society, and that goes beyond simply clicking
to search the web or comment posts. In the context of cities, participatory citizenship
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can be seen as a form of participation in possible improvements to the structures of urban
environments and the functioning of public equipment and services, as well as in the
subsistence of cultural and educational projects, among other possible examples.

Without neutralizing or demeaning other types of resources or ways of discussing
or practicing citizenship, mediation of technologies emerges as a way to foster these
discussions and practices, allowing the use of digital online support to disseminate and
expand actions and projects and thus achieve better results, such as increased citizen
compliance, greater diversity of resources, more attractive tools and lower cost.

The LXAmanhã platform is one of these online spaces for the exercise of participative
citizenship, encouraging citizens to research, share and collaborate online to improve
the urban spaces of the city of Lisbon, as well as the enjoyment of these spaces by
citizens. This paper presents the study of the particular case of the LXAmanhã platform,
a work that is part of a survey and analysis of a set of platforms to support participatory
citizenship. First, this research contributes is to the existing body of knowledge by
providing an objective analysis of a local case study features and participation data.
Second, it is expected that the study will allow to identify a set of good practices that
can be enunciated as guidelines for platforms to be developed in the same scope, to
encourage the active and meaningful participation of the citizens.

2 Background

In a network, individuals combine and share their knowledge, references and culture.
In this process, what is shared can be corrected, opened, processed, enriched and eval‐
uated, something that is fundamental to what Levy (2004) called “collective intelli‐
gence”. For the author, communities function as intelligent filters that help deal with the
excess of information and unify the alternative views of a culture. By disregarding the
specificities of situations and individual needs, networks are more efficient (Levy
2004). In this way, the existence of a collective is essential for mobilization, organization
or any interaction in a cultural construction and development perspective. Jenkins
(2009) emphasizes that this construction and development do not occur through devices,
however sophisticated they may be, since they emanate from the subjects and their social
interactions. It’s important to understand about a participatory culture.

Jenkins et al. (2016) consider that any element developed for the exercise and
promotion of a participatory culture, such as, for example, a digital platform, cannot
limit access to the cultural means of production and circulation, nor fragment and isolate
the public rather than provide opportunities to create and share culture and build hier‐
archies, or even hinder significant influence over the fundamental decisions that affect
life in society. Participatory culture requires subjects’ actions to be motivated and
nurtured by an ethos of ‘doing it together’, in addition to ‘doing it alone’ (Jenkins et al.
2016). Moreover, another way of conceptualizing the term and conceiving its develop‐
ment is to understand it as something dynamic and unfinished, defined in the current
context and in parallel with institutionalized structures and powers. This culture is
produced by people who find voice, agency, and collective intelligence in spaces on
Web 2.0 platforms (Jenkins et al. 2016).
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Shirky (2011) points out that the simple fact of creating something online together
with other people and then sharing it represents the repercussion of the old model of
culture but technology enhanced. For the author, the concept of participatory culture
refers to the experiences lived by the subjects, transposed to and shared mainly on the
web, since users take the offline knowledge to the online lives. The context, environment,
sensations and social relationships online and offline can be integrated, and technologies
can enhance this integration, adding possibilities to users and offering tools for group
organization and expression.

In the culture of participation, citizens develop skills, if necessary, and systematize
communicational processes and actions in favour of resolutions for causes, socio-envi‐
ronmental support, political manifestations, economic gains, entrepreneurial initiatives,
among others. They empower themselves through interaction, initially triggered by an
exchange of information to produce knowledge, needs and desires, and they do so not
only through the appropriation of media artefacts, but also in digital platforms organized
for several purposes.

Jenkins et al. (2016) compare the effort of citizens in the context of participatory
citizenship to the performance of fans, an audience that plays a key role in the production
of media content. Like the fans, active citizens take a deep commitment, but with civic
responsibility, often disinterested for profit and driven only by the will and social rele‐
vance of collaboration. Understanding the contributions of participatory culture involves
an evaluation of practices, which, according to Jenkins et al. (2016) has also allowed
the realization that the greatest social transformations happen through a shared vision
of how a better society could be.

Individuals post on blogs, social networking groups, complaint and opinion pages,
video sharing sites and other online services and platforms, multimedia content about
their experiences in the city, in their convivial environments, in work contexts, between
others. In the community, other members who have experienced similar or adverse
experiences collaborate by publishing other content, new or complementary. Besides
these, other possibilities open up to collaborate and produce in a network, so that the
rights and duties of the citizens are transformed through a participatory culture lived in
the cities.

In Portugal, some platforms approach this purpose with different strategies. The
platform Ideias à moda do Porto, for example, is an initiative of a group of Porto city’s
citizens, which receives proposals to improve urban spaces, puts suggestions to vote and
tries to promote some of them among the population. The LXAmanhã was create with
the exactly same goal, but receives proposals for the city of Lisbon, inserted by the
citizens directly into the platform, and then organized and showed using geolocation.
Moreover, it is possible for users to support a proposal. Similarly, but supported by
private entities, the platform Por Um Bairro Melhor allows the registration of citizen-
owned projects to be carried out in the space of the neighbourhoods, and has a network
of business partners to finance the selected projects. These examples have in common
the fact that they operate based on the active participation of the citizen to promote the
reflection and/or the execution of alternative forms of experiencing the urban spaces.
They also promote the exercise of citizenship anchored in citizens’ social commitments
and, as a result, encourage a culture of participatory citizenship.
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In the scientific context, the concept of participatory culture has become an interest
of many areas and has been studied, mainly, in the political, administrative, cultural,
communicational and media contexts. Over the past five years, some approaches have
gained more prominence. The production of content with citizen participation and the
media as a tool for social empowerment in manifestations, activism and democratic
exercise (Linders 2012; Keller 2012) are much discussed topics. Another question of
interest has been to understand how media and digital cultures allow citizens to get
organized, to get involved and to act on collective issues and engage in the co-creation
of the social fabric and the construction of the city shape (Lange and Waal 2013).

Research has also focused on the use of platforms in education, literacy and the
exercise of citizenship in community, in order to encourage competences that allow
more active participation in society (Kassam 2013; Taylor et al. 2012). Studies have
also been carried out to generate reflections on government practices and reforms, espe‐
cially regarding models for governance and administration practices (Nam 2012;
Bonsón et al. 2012; Ellison and Hardey 2014).

3 Methods

The research this paper presents has a qualitative nature and is based on the case study
(Gray 2014) of the LXAmanhã platform. This platform emerged in 2012 from the part‐
nership of three colleagues from different areas and was inspired by the German project
NextHamburg. It is an independent platform for collecting and consulting citizens’ ideas
to improve the city of Lisbon and reflect on its future, which allows the insertion of
urban intervention proposals, which are mapped according to the locations to which they
refer. The insertion of proposals, as well as access to other functionalities - such as,
receiving notifications when comments are made on the proposals, post comments and
collaborating on the development of suggestions, supporting ideas, etc. - depend on a
registration as a platform user, by inserting personal data, a user name and a password.
The support for an initiative is made through a voting system, by clicking a like-type
button. After the submission, the idea becomes visible on the map, opening the possi‐
bilities for collaboration. The user may browse through the proposals by region of the
city and by categories (represented with different colours), such as environment, archi‐
tecture, social affairs, commerce, culture, public space, mobility, and others. The plat‐
form, by retaining and classifying solutions sought and co-opted by citizens, gives the
community and policy makers a comprehensive vision of future needs and needs, and
may therefore help elect initiatives for implementation.

The analysis focused on virtual documents available in the platform or through it,
like texts, the platform chronology, the LXAmanhã blog, podcasts from radio programs,
and all the project’s proposals made available from 2012 to 2016. Proposals were
analysed considering the insertion date, the amount of support achieved and the cate‐
gories in which they were indexed by the citizens, when the project was inserted in the
platform. Some features of the platform were also analysed, given its importance for the
interaction process, such as the functionalities related with the insertion and visualization
of the project’s proposals, feedback and information updating. The platform’s interface
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was not considered in the analysis. Although the study was based solely on data collected
on the platform, LXAmanhã is also present through a blog and profiles on Facebook,
Instagram and YouTube.

4 Results and Discussion

The results translate into insights and thoughts organized in two main topics: the
frequency of participation in the platform during the period under analysis and the
structure and functionalities of the platform. Considering the results of participation in
LXAmanhã as a vulnerability of this type of online participation model, and based on
the reflections and insights that resulted from the study, some improvement actions are
suggested for the LXAmanhã platform and for other platforms or initiatives that come
to be developed within the framework of participatory citizenship. It is also relevant to
clarify that the interests of those responsible for the platform, whether economic or
otherwise, were not considered or researched.

4.1 Participation in the Platform

The available map on the LXAmanhã platform allows citizens to view the proposals
submitted by users since the platform’s launch date, according to the area of the city of
those proposals. The survey took into account the period of the last five years and all
the categories that the platform integrates, in a total of 129 posts from 64 unique users,
and 1010 supports. This computes to an average of 2 proposals per user and a support
of 7,8 per proposal, which according to the online participation models (Preece and
Shneiderman 2009) is an interesting participation average. Active participant users can
be organized into 3 categories: one time participants, returning participants and regular
participants. The first is a user that posts one entry and usually does not interact. The
second is a user that posts from 2 to 4 entries, on the same month, around one or two
related topics, and that interacts sporadically through support or comments. The last is
a regular user that posts throughout the different years and interacts regularly with other
users on different topics, promoting the platform and the causes. There are two clear
examples of the latter: Jozhe (submitting proposals in all 8 categories between 2013 and
2016) and Luis (in 5 between 2012 and 2013). Although April seems to be the most
active month for proposals, and Public Space and Mobility the most active topics, there
were no specific trends detected. However, a decrease in these participations was
observed (Fig. 1), especially from 2014, when four of the categories did not receive any
project. Thus, this decrease in participation seems to constitute a vulnerability of this
platform, and it is necessary to understand the possible reasons for having stopped
attracting participants.
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Fig. 1. Number of supporters and platform posts.

Recalling the political and economic context during the period under review, and
specifically in the year in which participation began to decline, the country was begin‐
ning to recover from a deep economic crisis. In these contexts, and although the sense
of collectively and the interest of citizens in the common good may be even more neces‐
sary to overcome adversity, it is common for people to focus their efforts on individual
and, at most, household survival.

Regarding the distribution of the proposals by the categories listed in the platform,
it can be observed that, in the period under study, the categories with the most submis‐
sions are “public space”, “mobility” and “environment”, with 45, 34 and 23 posts,
respectively (Fig. 2). Although the identification of the categories with the greatest
interest for the users may be important to guide proposal’s raising and disseminating
efforts, an analysis of each of the projects submitted in the different categories allowed
to conclude that the categorization, made by the users at the time of submission, does
not always describe or correspond to the type of proposal. It was possible to find ideas
of a more cultural or educational nature, categorized, for example, in “public spaces”.

Fig. 2. Number of platform’s posts per category.

It is also worth emphasizing that the data available on the platform, such as those
previously reported, could be essential to feed an annual report available to citizens and
stakeholders, including public agencies, research institutions, private companies, asso‐
ciations, NGOs, among others.
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4.2 Platform Mechanisms and Features

It can be argued that citizen participation through the submission of projects contributing
to the collective sphere has great significance, since it is an individual initiative that will
impact a larger number of citizens. But, in the case of LXAmanhã, the platform becomes
obsolete by not having tools that integrate the users.

In LXAmanhã, the contact between the users is made, exclusively, through comments
that can be inserted in the proposals. In this sense, the focus on “doing it together”
(Jenkins et al. 2016) is lost and therefore the opportunity to integrate such users to put
the actions into practice is also wasted. It is not a matter of believing that the resources
will determine the results, because this will only happen through the actions of the
subjects. Cross-category opinions such as “necessity to transform the Garett Street into
walkable paths and eliminate parking…” (mobility comment in a 2012 Public Space
category proposal1), or “Location, for me, is very important, as the scenery is very
beautiful…”2, constitute such examples, expressed by users. Although the most active
users interact and make efforts to mobilize and gain critical mass around topics and
issues, what is proposed is to use the possible tools as strategies to extend the interaction
between the users, to generate an easier, and richer involvement and commitment.

On the other hand, and by collecting information of interest to the public authorities,
the platform could make the participation process even more expressive by extending
it to other audiences, whether governmental, community or private, constituting itself
as a participatory citizenship ecosystem, capable of mobilizing and being mobilized to
transform ideas into actions.

A participatory ecosystem in the context of citizenship can be interesting to keep a
financing relationship with public, private or alternative initiatives. Also, following the
logic of crowdfunding platforms as a solution to broaden the power to fund proposals
can stimulate contributions’ submission and make them more effective. The projects
that were to be implemented and the partners willing to carry them out or finance them
would be recognized by a certification or seal LXAmanhã, a kind of recognition for
collaboration and an evaluation in the field of participatory citizenship.

As for the page design in which the proposals are viewed, although it is simple and
clean, it presents a static environment, attractive only by the images and map. Moreover,
the lengthy texts and lack of feedback on the completion or progress of the proposal
limit the users’ knowledge to the point of generating disinterest.

It is also possible to verify that LXAmanhã’s blog and social networks could be better
used in strategic communication actions with the public, deserving periodic updates,
which currently do not happen. Through social networks, it would be possible to create
interaction dynamics with users, such as the debate of ideas, voting, etc. It would also
be possible to generate gamified challenges and to disseminate diverse multimedia
information, such as videos or podcasts, to promote the platform, its goals and new
projects.

1 Available online at: http://www.lxamanha.pt/userpost/pedonalizacao-da-rua-garrett/.
2 Available online at: http://www.lxamanha.pt/userpost/andar-de-bicicleta-livremente-junto-

ao-rio/.
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4.3 Technological Resources for the Future

It is also possible to verify that, presently, technological resources are available that, if
properly employed in the case of the LXAmanhã platform, could boost the use of the
platform and breathe new life into the project. Projects that can contribute to create and
maintain a system in a predictable balance and help resolve conflicts (Stimmel 2015)
are crucial in today’s “smart” oriented environments. Taking advantage of the “mobile
era” possibilities to renew and improve the user experience with LXAmanhã is one of
the suggestions. Expansion to a Mobile App would enable on-site georeferenced publi‐
cations. It would also be easier to collect and upload information such as photography,
video and audio, for example, with testimonials from individuals who visit the places
for which the proposals were launched. Augmented Reality could also be an interesting
feature in this App. By adding a layer of virtual information to reality, the user could be
notified regarding proposals submitted or in progress in a geo-localized way, being able
to obtain more information by reading QR codes with the smartphone.

5 Conclusion

The results of the study confirm that the association between the interest in finding
solutions, exploiting collaborative participation and using the mediation of information
and communication technologies can be fundamental to the process of civic culture.

Although the results of this analysis are limited and cannot be extrapolated, the
LXAmanhã case study can be articulated in the sense of projecting civility, establishing
cultural influences of collaboration, sharing knowledge about the city and its improve‐
ments and facilitating communication between citizens and in society for decisions to
be made.

The analysis of the participation data gathered throughout the time span of this
project, led us to conclude that to contribute to a better performance of the platforms
that follow these purposes and understandings, it is more efficient to privilege collective
participation and invest in interaction between the subjects. The collaborative construc‐
tion of improvement actions and the possibility of reaching other stakeholders of interest
for the formation of a participatory ecosystem are ideal. As a result, we propose that, in
order to legitimize the efforts sought by the platform and to achieve more concrete results
regarding the implementation of the proposals, it is advisable to use partnership strat‐
egies with public, private and independent entities. By trying to implement these recom‐
mendations into an actionable plan or framework for specific projects, opportunities for
execution and financing of proposals are enhanced, as well as citizen engagement.

The use of mobile technologies and mechanisms that facilitate the use of the platform
can favour the dynamics, practicality and agility of using LXAmanhã, as well as
promoting in users the feeling that the goals and contributions that feed these platforms
are part of their day-to-day, to the point of being a reference for their performance as
citizens.

Finally, it is proposed to use the data registered in these platforms to analyse or
predict scenarios of need for citizens and the city and to direct efforts to strengthen the
participatory culture in this area. In future studies, it will be appropriate to extend the
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analysis to other platforms by comparing them, as well as interviewing users in order to
understand their interpretation of the use and relevance of participatory citizenship
through these platforms.
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Abstract. This paper addresses the issue of information and communication
overload in the context of smart cities. However this issue has been widely studied
and its negative effects on individuals, organizations and societies are already
known, as well as the multiple and diversified causes and solutions which have
gradually been identified, the literature shows that it has been neglected in the
context of smart cities. This paper approaches the subject of smart cities and
mentions some contributions found on the literature to face the information and
communication overload. The main concepts of information and communication
overload are also described. Then, some measures are proposed to identify,
prevent and deal with the information and communication overload in smart
cities.

Keywords: Information · Communication · Overload · Smart city

1 Introduction

Smart cities are related with the idea of developing and implementing products and
services that improve citizens’ quality of life. Also, urban management of those products
and services is expected to be more efficient.

Information and communication technologies (ICT) are key facilitators to the devel‐
opment and implementation of those products and services, and provide citizens, organ‐
izations and the urban society with some very important tools to achieve a better life in
modern cities. However, now it seems clear that the adoption of those technologies may
create situations of being overwhelmed by all the information and communication
processes that are inherent in our daily lives, resulting frequently in situations of infor‐
mation and communication overload (ICO). The ICO issue has been researched for long,
but it seems to be increasingly relevant because technological advances come with new
challenges and problems.

The fact that smart cities are heavily depending on ICT suggests that ICO may be a
serious issue, however the literature does not frequently approach this issue on the
context of smart cities. In this paper, we suggest some suitable measures which may
help coping with ICO in smart cities.
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2 Smart City

The smart city concept has been frequently invoked over the past few years in situations
related to the development of urban and regional contexts by exploiting ICT to create
products and services which increase the quality of life of citizens and their communities.

However, the lack of a clear definition of the smart city concept and the need to use
it in cross-cutting contexts leaded to the appearance of some clarification proposals. For
example, Neirotti et al. (Neirotti et al. 2014) state that there is no general consensus on
the smart city concept, although they verify that the demand and the systematic use of
solutions involving ICT is a characteristic usually associated with this concept. These
authors also acknowledge that “those cities that are more equipped with ICT systems
are not necessarily better cities”, suggesting that other aspects than ICT need to be
addressed in smart cities, such as urban planning.

Giovannella (Giovannella 2014) uses Maslow’s pyramid (Maslow 1943) to describe
what is a smart context highlighting the role of the individual and human capital as part
of a context and taking into account their own needs. In the words of the author, “a smart
context is a context where the human capital (…) owns not only a high level of skills,
but is also strongly motivated by continuous and adequate challenges, while its primary
needs are reasonably satisfied”. It is interesting that no technological elements are
mentioned, highlighting the importance of the individual and relegating the issue of
technology to an instrumental plan, but technology is implicit.

The domains of activity of smart cities are identified and systematized in a taxonomy
proposal (Neirotti et al. 2014) with 6 main areas: natural resources and energy, transport
and mobility, buildings, living, government, and economy and people. It becomes clear
that the concept of smart city is extended to most urban human activities. This compre‐
hensive taxonomy reinforces the idea that individuals should be placed at the center of
the discussion of smart cities as well as the human capital they represent and the activities
in which they participate.

However, the creation of products and services designed to promote high levels of
efficiency and effectiveness in the processes of the aforementioned areas draws on many
technologies, and in particular ICT. The use of technologies also promotes high levels
of quality of life and active participation of individuals in urban communities. Never‐
theless, this increasing and systematic use of technology, and especially ICT, is currently
generating a huge volume of information and a density of communication processes that
can be difficult to manage by individuals.

Some present relatively futuristic positions on the increasing use of ICT by individ‐
uals in their personal, organizational, or social activities, as the visionary anticipation
presented by Matsuda (Matsuda 2016). This video shows a permanent, intrusive and
alienating use of ICT, which seems to pose problems like states of confusion, stress,
constant interruption, alienation from reality, and even identity problems. This perma‐
nent and intensive use of ICT seems to provoke our partial alienation from the real
physical space that surrounds us, and does not seem to contradict the idea of a liquid
society described by Zygmunt Bauman (Bauman 2013). In fact, instead of bringing
people together based on real interactions among citizens to develop their life paths,
there is a risk of developing contexts, such as smart cities, where the quality of life is
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increasingly based on ICT, possibly preventing individuals and communities from inter‐
acting and thus creating some kind of interdependence. Uncertainty will be increasingly
present and, if an individual happens to be in a situation of fragility and cannot possibly
be supported by a real and physical environment, then they will depend only on a network
of contacts and communications, which may not ensure their quality of life and, in the
limit, their survival (Bauman 2013).

It is also fair to acknowledge that many of the features shown in Matsuda’s video
(Matsuda 2016) are in general desired by citizens. They are information and communi‐
cation technological solutions that help to solve some individual, organizational and
societal issues. However, the trend seems to be combining many of these features into
overlapping layers of information and communication, eventually in informational and
communicational pollution.

Then some questions may arise. How can we collect, storage, and process data in a
smart city? How can we identify the existence of redundancies? What will data be
collected for, and how will that data collection be used to produce useful information in
order to increase the quality of services? Are we getting to the point of finding that we
have too much data and that all sorts of activities are recorded in a multitude of possibly
redundant and difficult-to-perceive registers? Will all this data and information flow into
networks of communication and of services that can lead to situations of hyper-reality
such as that presented by Matsuda (Matsuda 2016)? If the trend continues to evolve into
increasingly saturated information and communication environments, coupled with
increasing levels of uncertainty about citizens’ livelihoods, how can we ensure that smart
cities will be inclusive?

The above considerations show that we are facing a serious problem of ICO. It is
true that human beings have adapted to the evolution of technology and the contexts of
which they belong. But it is also certain that human capabilities are limited. Therefore,
it is important to address ICO on the smart cities subject.

The search for scientific literature that approaches the issue of ICO in smart cities
produces very scarce results. For example, Boman (Boman 2012) identifies citizen
behavior as a challenge in smart cities, arguing that ICO may occur because “human
capabilities of absorbing information have not increased with increased data flows”.
Boman also identifies the opportunity of using techniques of collaborative information
filtering to obtain valuable information and thus overcome the problems associated to
ICO. Others explore the eventual usefulness of an unplugged smart city as a model of
urban governance, and also as a way of dealing with the information overload issue
(Calzada and Cobo 2015). Avoiding technology in some situations, such as on vacation,
is also approached by Gretzel et al. (2015). Their focus is on smart tourism, which they
acknowledge as being closely related with “extreme technology-dependence”. They
argue that this type of dependence is associated with other issues, like information over‐
load during tourism experiences.

We found that the literature does not frequently address the issue of ICO and, when
it does, it proposes possible solutions, such as collaborative filtering. Another aspect is
the implicit recognition that smart cities are presented to citizens with a density of tech‐
nologies which may be disturbing rather than facilitating. For this reason, it is interesting
to identify the recognition of “human capabilities of absorbing information have not
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increased with increased data flows” (Boman 2012) or the suggestion of creating oppor‐
tunities to move away from it (Calzada and Cobo 2015; Gretzel et al. 2015).

3 Information and Communication Overload

Information overload has been identified for several centuries and is an ever-present
phenomenon that has renewed challenges over time (Batista and Marques 2017). Infor‐
mation overload mainly affects individuals and organizations, but also carries societal
consequences. Today, in the so-called Digital Age, and within smart cities, the issue of
information overload has evolved at the same pace as the technological advances (Eppler
and Mengis 2004; Melinat et al. 2014). The huge availability of information and the ease
of communication exacerbate the worsening of the phenomenon of communication
overload and, consequently, of information overload but, on the other hand, offer new
ways of dealing with the phenomenon.

Eppler and Mengis (2004) define information overload as a simple notion of dealing
with the excess of information. In a decision-making context, information processing
and the quality of decision-making increase with the amount of information made avail‐
able, but just until a given level. When this level is reached, the load of information
exceeds one’s ability to process it, and thus the phenomenon of information overload is
experienced, which negatively contributes to the quality of the decision making (Eppler
and Mengis 2004).

Time is another dimension of the information overload issue, proposed by Galbraith
(1974) and later reinforced by Tushman and Nadler (1978) among many others. It
compares the amount of information that can be integrated into the decision-making
process over a period of time with the amount of information that must be included to
complete a given process during the same period. In addition to processing capacity and
time dimensions, the attribute of information should not be overlooked (e.g. ambiguity,
complexity, format, and readability) (Eppler 2015). Other authors state that feelings of
stress, anxiety, or confusion may be indicators of ICO (Mulder et al. 2006).

In order to reduce the chance for ICO to occur, it is important to recognize the
symptoms, and then to investigate possible causes and solutions. Eppler and Mengis
(2004) represent the relationship between causes, symptoms and solutions in a cyclical
way, in which the solutions implemented to alleviate the symptoms of informational
overload or to eliminate its causes, influence and contribute to new causes of information
overload. Thus, there is no solution that permanently solves information overload, but
otherwise we are in a permanent cycle of renewal of challenges, which constantly
presents new ways of provoking overload.

The effects of ICO are varied. At the individual level, it may manifest with emotional
or motivational symptoms (Bawden and Robinson 2009). At the organizational level, it
may affect performance and efficiency (Ellwart et al. 2015; Klausegger et al. 2007).
Finally, at the societal level, we can observe the overload in the influence provided by
the multiple sharing of values, rules and patterns of behavior by the different actors in
society (Batista and Marques 2017).
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One of the main causes of ICO is the actor involved in the processing - individual,
organization or society. ICO may be influenced by the individual’s motivation, qualifi‐
cations, and experience, or by external factors that influence his or her state, such as
noise, temperature and time of day. Other causes include the inability to filter and
prioritize information, inefficient management of time and the inability to maximize the
technological functions at their disposal (Eppler and Mengis 2004; Haase et al. 2015;
Ruff 2002). Organizations may cause information overload, because they are dynamic
systems. Other causes may be the organizational culture, as cooperative work may lead
to situations of ICO due to the increase in communication, as well as the lack of standard
procedures or strategies of internal communication (Eppler and Mengis 2004; Reinke
and Chamorro-Premuzic 2014; Ruff 2002).

Technology may be another cause of ICO because it is through it that much of infor‐
mation is generated, managed and disseminated. Technology may be an ICO enhancer:
very complex or poorly conceptualized IS, low usability, the variety of media of dissem‐
ination of information, and its misuse, and weak integration of technologies (Eppler and
Mengis 2004; Fuglseth and Sørebø 2014; Harris et al. 2015; Ruff 2002). Complex
processes may also influence ICO, since they require the use of great amounts of infor‐
mation. Additionally, the constant interruptions of processes caused, for example, by
the simultaneous execution of multiple tasks, the delays of interdependent operations,
and the constant requests due to an inadequate communication strategy may also cause
ICO (Eppler and Mengis 2004; Jackson and van den Hooff 2012; Lee et al. 2016; Ruff
2002).

4 Critical Factors of Information and Communication Overload
in Smart Cities

Intentionality seems to be a rather important factor in processes of developing smart
cities. In cases of low intentionality, a number of initiatives by different entities may
happen, not necessarily coordinated or sharing common objectives. The diversity of
technologies used may be quite varied and poorly integrated, which leads to difficulties
in establishing common policies and procedures that contribute to address issues such
as ICO. However, other smart cities result from urban management initiatives accord‐
ingly to more intentional processes. In this case, it would be easier to establish policies
and procedures to reduce the impact of various issues, such as the ICO.

We propose a set of 15 measures that seem to be relevant to take into account situa‐
tions of ICO in smart cities. These measures constitute a way of observing the issue of
ICO and of pointing out ways of action and also of research on smart cities, and thus
they are presented here in a generic, however objective, way. Their implementation
depends on the possibility of being taken into consideration and implemented in the
context of smart cities development initiatives. These measures are a preliminary
proposal that needs to be further discussed and validated.

Measures to be taken into consideration in the identification of situations of ICO in
smart cities: (1) creation of a set of indicators that enhance the identification of possible
ICO situations, or situations that drive such overload. The indicators should cover all

Considerations on Information and Communication Overload Issue 133



types of procedures, technology and actors (individual, organizational and societal)
involved in smart cities that could be ICO enablers; (2) conceptualization mechanisms
for the determination and calculation of the indicators referred to in point (1); (3) moni‐
toring, preferably continuous, of the indicators and their evaluation, in order to activate
proactive and possibly reactive mechanisms in ICO situations.

Measures to be taken into consideration in the prevention of situations of ICO in
smart cities: (4) creation, for each smart city agent, of a list of requirements regarding
access, production and dissemination of information and their respective means of
processing and communication; (5) definition of appropriate means of access to shared
information, as well as efficient integration and coordination of information and their
flows by the various smart cities agents, according to the list of requirements mentioned
in point (4); (6) definition of a communication policy among the various smart city
agents; (7) periodic reassessment of the information requirements of the various smart
city agents so that the list identified in point (4) is updated according to the real and
current information needs; (8) periodic reassessment of the existing communication
policies in order to avoid redundant flows of information and communication among
agents; (9) conduct of usability studies of the ICT used in the smart cities, when they
are implemented, and verification of their effectiveness for the various actors and
contexts; (10) definition of standards for production, formatting and dissemination of
data and information, to increase their value and facilitate their integration into the smart
city.

Aspects to take into consideration in the creation of possible solutions for situations
of ICO in smart cities: (11) if the cause of ICO is associated to the amount of information:
redefine privileges of access, production and dissemination of information; (12) if the
cause of ICO is associated to an excessive or inadequate communication: redefine
communication policy; (13) if the cause of ICO is associated to the inadequacy of the
technology or of the processes felt by any of the actors or in any of the contexts of use:
reassess the usability and the functional requirements of the technologies used and of
the processes; (14) if the cause of ICO is associated to the insufficient capacity of
processing data and of available information: assess the need to implement other tech‐
nologies or to resize the existing ones; (15) If the cause of ICO is associated to the
attributes and to the value of data and information: adjust the rules of production,
formatting and dissemination of data and information.

5 Final Remarks and Conclusion

Both smart cities and ICO have individual, organizational and societal impacts. Other
aspects of smart cities that may influence ICO can be mentioned, namely the integration
of technologies, the flow of information among multiple smart city’s agents, the partic‐
ipating individuals, the intervening organizations, the communities in which they are
inserted, the quality of information produced, and the need for communication. These
aspects, however, may also be part of the solution to this issue. Hence, it is very relevant
to consider ICO in the development and maintenance of smart cities. The measures for
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ICO identification, prevention and correction in smart cities presented in this paper are
a starting point for further developments in researching this topic.
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Abstract. Urban mobility is a challenge in cities undergoing growing urbani-
sation, requiring a shift in behaviour towards more sustainable means of
transportation. To investigate how technology can mediate the process of
behaviour change, particularly in the context of smart cities, this paper presents a
systematic literature review. Three areas are of interest: the utilised technology,
behaviour change strategies, and citizen participation in the development pro-
cess. A total of 14 different applications were included in the final review. The
findings show that mobile devices are being prevalently used, persuasive
strategies are foremost mentioned, and end-user involvement is happening late
in the development process, serving primarily testing purposes. This points out
that there are still various unexplored possibilities. It is suggested that future
research should explore opportunities stemming from ubiquitous technology,
employ behaviour change strategies grounded in reflective learning, and pro-
mote citizen involvement with participatory methods.

Keywords: Sustainable mobility � Behaviour change � Smart city � Reflection

1 Introduction

Cities are increasingly gaining in importance and are considered driving forces of the
future (Albino et al. 2015). This development stems foremost from growing urbani-
sation, with more people moving and living in urban areas. As of 2016, 54.5% of the
world’s population were estimated to be living in urban settlements, current trends
forecast an increase to 60% in 2030 (United Nations and Social Affairs 2016). Rapid
growth assigns cities a significant social, economic and environmental function (Albino
et al. 2015), but also lets them face complex challenges in the process. In this context,
the concept of “smart cities” has been coined to indicate cities that devise strategies to
mitigate those challenges in a smart way (Chourabi et al. 2012). Some of these chal-
lenges are indicated by greenhouse gas emissions. According to Hildermeier and
Villareal (2014), urban transport makes up approximately a quarter of CO2 emissions
with respect to overall transport. With 73.7% cars represent thereby the prevalent form
of travel. Urban transport hence exerts ample influence on the quality of life in a city,
being a causer of traffic congestion, noise- and air pollution, having harmful effects on

© Springer International Publishing AG 2018
Ó. Mealha et al. (eds.), Citizen, Territory and Technologies: Smart Learning Contexts and Practices,
Smart Innovation, Systems and Technologies 80, DOI 10.1007/978-3-319-61322-2_14



public health. Consequently, cities need to respond to this issue by reducing car usage
and increase the use of more sustainable means of transport, such as walking, biking or
public transportation, making a change in behaviour inevitable.

Technology is noted for being a “key driver” within smart city initiatives (Chourabi
et al. 2012). It can also be utilised to foster behaviour change, here the notion of
“persuasive technology” is well-established. Persuasive technology, that is “any
interactive computing system designed to change people’s attitudes, behaviours or
both” (Pettersen and Boks 2008; Fogg 2003, p. 288). The idea of persuasive tech-
nology has certainly undergone criticism (Atkinson 2006), and some of its strategies
have been contested regarding their ethics (Pettersen and Boks 2008), and long-term
applicability, with Brynjarsdottir et al. (2012, p. 951) claiming that persuasive sus-
tainability system’s “long-term success is susceptible to being undermined by factors
outside of what it aims to measure and control”. Considering this, merely relying on
persuasive strategies, guided by prescribed goals, may not result in durable behaviour
change, nor does it appear to be suitable in a smart city context, in which projects focus
on “more informed, educated, and participatory citizens” (Chourabi et al. 2012).

An alternative approach is that of reflective learning, a mechanism emphasising
self-directed learning through experience. Krogstie et al. (2013) introduced a reflective
learning cycle, short CSRL model, which offers the possibility of individual as well as
collaborative learning. The overall model is composed of four main stages, namely plan
and do work (1), initiate reflection (2), conduct reflection session (3) and apply out-
come (4), with diverse activities at each stage. Notable aspects of the model are, that it
considers the absence of teachers, sees reflective learning as a highly iterative process,
and acknowledges the importance of social aspects in reflection, as it is frequently
accomplished collaboratively. These characteristics may make it hence a suitable model
to be employed in a smart city setting.

Still, particularly pertaining to the issue of ethics in behaviour change applications,
active citizen involvement needs to be ensured when developing such interventions.
According to Pettersen and Broks (2008), design methods, such as user-centred and
participatory design, offer numerous advantages for the development of a service. The
authors further state that, technology that is developed democratically is more likely to
meet citizen needs, and ensures that the user’s freedom is maintained, with persuasive
technologies aiming at steering individual behaviour towards goals that are not set by
the users themselves. Furthermore, participation and empowerment can instil a feeling
of ownership in citizens. Eventually, such an undertaking requires effective means of
engaging the public and stakeholders in co-design.

2 Motivation and Research Questions

To highlight the contribution of this review, preliminary searches were undertaken to
identify similar reviews. A review on persuasive technologies for sustainable urban
mobility was published by in April of 2016 (Anagnostopoulou et al. 2016). While the
theme of “urban mobility behaviour change applications” remains the same, the review
at hand emphasises other facets in the studies. Anagnostopoulou et al.’s review evolves
around the notion of persuasive technology, and while the review states that user
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characteristics and context should be considered, users have not been the unit of
analysis with respect to overall involvement. The review at hand contributes to the
theme by focusing on citizen participation and behaviour change through reflection,
with the two approaches seen as holding great opportunities in a smart city context.
This effort is summarised in the research questions below:

RQ1: Which technologies have been utilised for behaviour change applications?
RQ2: Which behaviour change strategies have been employed?
RQ3: Have the final users of the application been involved in the application

development? If so, when, to what degree and with what methods?

The paper is then organised as follows: In Sect. 3, the process used for the literature
review is described. Section 4 presents the results of the review, in accordance with the
research questions. Section 5, discusses then findings and implications. Finally, Sect. 6
summarises the results and provides perspectives for research.

3 Review Method and Process

A systematic literature review facilitates the process of summarising existing research,
assessing where there are gaps, and allows for new research to be placed within the
existing research base. This method was chosen, to gain an overview of the issue of
urban mobility, and on how this matter had been addressed by applications previously.
The search strategy was thereby informed by the guidelines for systematic literature
reviews, described by Kitchenham and Charters (2007).

Data Sources
Relevant documents for the search were retrieved, using two approaches: Foremost
through keyword based searches of online databases, and secondly manual screening of
conference proceedings of former Persuasive Technology conferences (http://
persuasivetechnology.eu/), as well as the dblp computer science bibliography (http://
dblp.uni-trier.de/). Web of Science (https://apps.webofknowledge.com/).

ACM digital library (https://dl.acm.org/), Elsevier ScienceDirect (https://www.
sciencedirect.com/), Scopus (http://www.scopus.com/), and Springer (http://rd.
springer.com/) were chosen as online databases and queried using keywords, assem-
bled into search strings. Those databases were chosen due to their eligibility for the
topic, and because they allowed a large number of search terms.

Search and Keywords
As suggested by Kitchenham and Charters (2007), and applied by Gianni and Divitini
(2016) in a similar setting, the PICOC framework was utilised to guide the selection of
the keywords. PICOC is an abbreviation, constituting the words population, inter-
vention, comparison, and context, which classify the keywords accordingly. Initial
keywords were synthesised from the research questions, and expanded through
respective synonyms and recombinations, that emerged during iterative pilot searches.
Search terms pertaining to ICT were omitted, to lower the amount of constraints, and
rather assess manually the suitability of the retrieved documents.
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Table 1 lists the chosen keywords in the PICOC structure. The terms within each
row were connected through Boolean OR operators, and the three individual rows were
linked using Boolean AND operators. In most databases, it was possible to choose the
abstract as search field. Table 2 summarises the outcomes of the searches. The field
“Topic” combines here the title, abstract, keyword and index fields of the article. In
addition, manual searches retrieved 3 studies.

Screening of Papers
Following the search, the metadata of all documents was organised in a spreadsheet.
This facilitated the ordering of the documents by title, and the subsequent removal of
duplicates. The remaining documents were then screened individually by the author
and supervisor. Inclusion or exclusion decisions were based on the title and the
abstract, and guided by the criteria outlined below. This approach yielded in 29
potentially relevant documents. During a second collaborative screening, this number
was reduced to a total of 15 documents that were included in the final review, dis-
cussing 14 different applications.

Report Eligibility. A report had to be in English; published on a database, conference
or journal that is scientific; published in or after 2005 (the notion of “smart city” gained

Table 1. Keywords for the search string

Population –

Intervention Sustainable mobility, sustainable travel, sustainable transport, sustainable
transportation, green mobility, green travel, green transport, green
transportation, personal mobility, personal travel, personal transport, personal
transportation

Comparison –

Outcome Behaviour change, behavioural change, behaviour choice, behaviour
promotion, behaviour encouragement, behaviour management, mobility
behaviour, travel behaviour, transport behaviour, transportation behaviour,
habit

Context City, cities, smart city, urban, connected city, intelligent city, digital city

Table 2. Results from the online databases without duplicates removed

Database Documents Field Date of Search

Web of science 137 Topic 11.11.2016
ACM 7 Abstract 11.11.2016
Science direct 41 Abstract 11.11.2016
Scopus 136 Abstract 11.11.2016
Springer 17 Overall 11.11.2016
Total 338
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notoriety between 2005 and 2007 (Gianni and Divitini 2016)); fully accessible; short or
long, posters and demos had to be excluded.

Study Eligibility. A study had to address behaviour change of people; outline tech-
nology in the abstract; solely address sustainable mobility; be a primary source.

4 Results and Findings

A brief summary of all reviewed studies is given in Table 3.

Table 3. Summary of reviewed studies

Reference Summary

(Gotzenbrucker and Kohl
2012)

AnachB is an advanced traveller information system,
enabling citizens to compare routes and different mobility
modes in real-time, and provides users with information all
around planned trips.

(Magliocchetti et al. 2012) i-Tour, an ambient intelligence system, is as a travel mobility
assistant in a multi-modal setting. The service employs
context-awareness, inferring information about the user and
the environment.

(Gabrielli and Maimone
2013)

Superhub is a mobile system utilising diverse motivational
strategies to influence citizens’ mobility choices. A local
journey planning service is provided.

(Bothos et al. 2012, 2013;
Bothos et al. 2014)

The application Peacox is discussed at different stages in
(2012), specifying technological details on how routes are
recommended, (2013), informing about the use of choice
architecture for a travel recommender, and (2014) placing
emphasis on persuasive strategies. Peacox provides users
with route options suiting their preferences and contexts, and
sorts these according to their CO2 impact.

(Gabrielli et al. 2014) MatkaHupi, automatically tracks journeys and emissions and
fosters sustainable mobility choices through challenges. This
paper furthermore introduces a journey planner system
which employs a journey diary.

(Cheng and Lee 2015) BikeTogether, a mobile app for cycle commuting, allows
users to figuratively cycle together while being connected
over the Internet. A bicycle flashlight is used as a metaphor
for users to feel accompanied and guided.

(Semanjski et al. 2016) Describes a web portal and a mobile application. While the
web portal allows users to specify personal, usual travel
information, the mobile application senses mobility
behaviour and provides the user with travel suggestions,
favouring sustainable options, and offers self-monitoring and
social activities.

(continued)
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Technology utilised for behaviour change applications
Technological solutions, harnessed to support the respective applications, are visu-
alised in Fig. 1. Smartphones emerge here as the prevailing theme, justified with,
among others, their widespread use and their ability to function as sensors, thus

Table 3. (continued)

Reference Summary

(Monzon et al. 2013) A Real-Time Passenger Information System installed in
buses and stops or interchange stations. Multi-modal
information regarding, departure, connections or travel time
is visualised on screens and on a webpage.

(Wernbacher et al. 2015) Traces employs elements from gamification, serious games,
and pervasive games, to promote the use of sustainable
mobility. The mobile application features both city related
quizzes and offline quests. The game goal is to leave
colourful digital traces on a city map through the use of
multi-modal mobility.

(Broll et al. 2012) Tripzoom is a concept comprising a web portal, a mobile
application, and a city dashboard. The web portal is linked to
social networks, the mobile application supports users in
understanding their mobility behaviour, and the city
dashboard lets incentives and rewards be managed by
individual cities.

(Kazhamiakin et al. 2015) Viaggia Rovereto, a mobile route planning application,
incentivises sustainable choices through gamification.
Sustainable route options are highlighted, and users are
rewarded when traveling sustainably.

(Bordin et al. 2014) ViaggiaTrento is a multi-modal trip planning application,
developed utilising participatory design practices with
students, and incorporating collaborative efforts from its
users.

(Wunsch et al. 2015) Discusses persuasive strategies, encouraging bike usage,
such as triggering messages, or a virtual bike tutorial aiming
at increasing biker’s self-efficacy towards biking.
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Fig. 1. Technology used for the behaviour change interventions
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obtaining information from the environment, shedding light on a user’s behaviour
(Semanjski et al. 2016; Broll et al. 2012).

Prevalently, mobile applications feature either a route planning system (Gabrielli
and Maimone 2013; Gotzenbrucker and Kohl 2012; Magliocchetti et al. 2012; Bothos
et al. 2013; Semanjski et al. 2016; Kazhamiakin et al. 2015; Bordin et al. 2014; Bothos
et al. 2014; Gabrielli et al. 2014) or are solely focused on illustrating people’s mobility
behaviour (Cheng and Lee 2015; Wernbacher et al. 2015; Broll et al. 2012; Wunsch
et al. 2015). Sensors embedded in smartphones, provide data that is used to infer
information about a user’s movement (Magliocchetti et al. 2012; Bothos et al. 2013;
Cheng and Lee 2015; Semanjski et al. 2016; Broll et al. 2012; Bothos et al. 2014;
Gabrielli et al. 2014) (e.g. standing, walking, cycling, use of public transport) and
ambient conditions (Magliocchetti et al. 2012) (e.g. brightness, noise). Sensors are also
present in the environment (Magliocchetti et al. 2012; Broll et al. 2012; Bordin et al.
2014), collecting information, used in the applications. Web applications provide
real-time public transport information (Monzon et al. 2013), support users in their
mobility decisions with a route planner (Gotzenbrucker and Kohl 2012), or collect and
visualise mobility behaviour data of a user (Semanjski et al. 2016; Wunsch et al. 2015)
or a community of users (Broll et al. 2012).

Strategies employed to guide behaviour change
The review comprises both applications, specifically mentioning persuasive technology
or strategies as their approach, and interventions that do not state a methodology. In
both cases the applications were categorised according to their usage of one, or several
persuasive strategies. Krogstie et al.’s (2013) CSRL model provided the theoretical
underpinning for the identification and assessment of reflection as the employed
behaviour change methodology. In the following, the foremost used methods are
outlined and complemented by one example of use in the applications.

Persuasive Technology. Oinas-Kukkonen and Harjumaa (2008) categorise persuasive
techniques within four categories: primary task, dialogue, system credibility, and social
support. Each category outlines several design principles, which have been mapped
onto the reviewed studies.

Within the primary task support category Reduction, Tunneling and Self-
Monitoring were found to be most frequently employed. Reduction manifests itself
in the provision of journey planning services, easing the accessibility of mobility
information, for instance by sorting route suggestions according to their environmental
friendliness (Magliocchetti et al. 2012; Semanjski et al. 2016; Kazhamiakin et al.
2015). Tunneling is afforded by sustainability challenges or quests (Gabrielli et al.
2014; Wernbacher et al. 2015; Broll et al. 2012), and Self-Monitoring is enabled
through the provision of graphical, statistical representations of reported or logged
behaviour, comprising, for instance, modes of transport used (Gabrielli and Maimone
2013; Gabrielli et al. 2014; Semanjski et al. 2016; Wernbacher et al. 2015; Broll et al.
2012; Wunsch et al. 2015).

In the dialogue support category, Rewards are the most commonly applied strategy,
awarded to users which opt for sustainable mobility choices (Magliocchetti et al. 2012;
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Gabrielli and Maimone 2013; Wernbacher et al. 2015; Kazhamiakin et al. 2015).
However, none of the systems outlined any of the principles of the credibility support
category clearly. Social Facilitation is the prevalently applied strategy within the social
support category, followed by Social Comparison. Social Facilitation is supported by a
shared view on a leader board, listing users performing the behaviour (Gabrielli and
Maimone 2013; Gabrielli et al. 2014; Semanjski et al. 2016). Also, Social Comparison
is supported by leader boards, changing images (Broll et al. 2012) or colours (Cheng
and Lee 2015), comparing users.

Reflective Learning. None of the reviewed studies names reflection as the core
principle guiding behaviour change. Nevertheless, some of the approaches, found in the
studies at hand, have the capability of supporting the CSRL model’s four stages: plan
and do work (1), initiate reflection (2), conduct reflection session (3) and apply out-
come (4). The studies were thus mapped onto the stage specific activities, to observe to
what degree existing applications are potentially able to facilitate reflective learning.
All presented applications support the work, when being viewed as the “adoption of
sustainable transportation means”.

“Plan work” and “do work” are primarily supported by applications providing a
journey planning service, allowing users to plan and conduct their commute. The “plan
work” activity, is furthermore supported by allowing users to set personalised, sus-
tainable goals they wish to accomplish (Gabrielli and Maimone 2013; Bothos et al.
2013; Gabrielli et al. 2014). The work is monitored by either users manually reporting
their behaviour (Magliocchetti et al. 2012; Gabrielli et al. 2014, 2014; Kazhamiakin
et al. 2015; Wunsch et al. 2015; Wernbacher et al. 2015), or by the system logging
behaviour automatically (Magliocchetti et al. 2012; Bothos et al. 2013; Gabrielli et al.
2014; Cheng and Lee 2015; Semanjski et al. 2016; Broll et al. 2012; Bothos et al.
2014).

Three ways can then be identified, in which the applications initiate reflection and
set a reflection objective. Firstly, CO2 emissions being displayed along with suggested
routes, make users aware of their potential actions (Magliocchetti et al. 2012; Bothos
et al. 2013, 2012; Bothos et al. 2014). Secondly, sustainability encouraging messages
or reminders, sent to the user, draw attention to sustainable issues and possibilities in
behaviour (Gabrielli and Maimone 2013; Bothos et al. 2013; Gabrielli et al. 2014;
Cheng and Lee 2015; Wunsch et al. 2015). Thirdly, sustainability challenges may set a
particular objective for one’s behaviour, that can be reflected upon (Gabrielli et al.
2014; Semanjski et al. 2016; Broll et al. 2012).

The stage concerned with conducting the reflection session is partially supported in
some applications by displaying the CO2 emissions along with the respective routes,
making related information available, and by visualisations of behavioural information,
reconstructing work experiences.

The final stage of applying the outcome is facilitated in part in (Bothos et al. 2013)
by providing the user with feedback on personal, previously caused CO2 emissions,
highlighting the issue requiring change. The app also provides the user with routes that
would aid reducing the said emissions.
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End-user involvement in the application development
To highlight the respective point of involvement and the degree of participation, the
systems development life cycle and typologies of citizen participation were utilised to
frame the assessment. The systems development life cycle as described in (Majid et al.
2010) depicts five steps in the development of an information system: (1) project
selection and planning, (2) requirement analysis, (3) system design, (4) development,
and (5) testing and deployment. Pertaining to the overall distribution, there appears to
be a significant user involvement during the testing phase, primarily constituting itself
through the implementation of user studies (Gotzenbrucker and Kohl 2012; Gabrielli
and Maimone 2013; Gabrielli et al. 2014; Cheng and Lee 2015; Semanjski et al. 2016;
Monzon et al. 2013; Kazhamiakin et al. 2015; Bordin et al. 2014; Bothos et al. 2014;
Wunsch et al. 2015). Involvement in the other stages is rarely implemented. Eventually,
(Bordin et al. 2014) poses as the only reviewed article involving users at all stages
through social innovation.

Capra (2014), in the context of smart city citizen participation, merged traditional
typologies of citizen participation, and concepts of social innovation. Citizen partici-
pation, as defined by Capra, reaches from “information”, a mono-directional flow of
information, to “social innovation”, being citizen led, collective initiatives that address
their specific needs. Those typologies built the basis for the assessment of degrees of
citizen participation and participatory methods utilised in the reviewed studies. Fig-
ure 2 illustrates which types of participation foremost took place, whereas Fig. 3
visualises the methods used to facilitate participation.

Users foremost contribute through consultation, a bi-directional flow of information
intended to gather feedback. This involvement constitutes itself primarily through
questionnaires, allowing to observe changes in, for instance, participants travel beha-
viour (Gotzenbrucker and Kohl 2012; Gabrielli and Maimone 2013; Gabrielli et al.
2014). Furthermore interviews (Gotzenbrucker and Kohl 2012; Gabrielli and Maimone
2013; Gabrielli et al. 2014; Bothos et al. 2014) and diaries (Gotzenbrucker and Kohl
2012) give information about the user’s experience with a system. Focus groups are
used to collect feedback on an ideal design (Gotzenbrucker and Kohl 2012), issues with
current conditions (Bordin et al. 2014), application usage and behavioural changes
(Bothos et al. 2014).

Fig. 2. Types of Participation, categories taken from (Capra Capra 2014)
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5 Discussion

Technologies utilised for behaviour change applications
Mobile devices emerge as prevalently used technical mediators, with 12 reviewed
applications envisioning or implementing services being supported by them.

A systematic mapping of technology-enhanced smart city learning, conducted by
Gianni and Divitini (Gianni and Divitini 2016), revealed similar results, identifying
unexplored technical opportunities with interactive objects and the Internet of Things
(IoT). In a later article the authors then also pinpointed limitations of smartphone apps,
when being used for learning in smart cities, including that of sustainable behaviours
(Gianni et al. 2016). The essential shortcomings are the restricted interaction strategies
provided by mobile devices, hindering the tailoring of the user experience towards a
specific scenario. Here ubiquitous computing opportunities such as tangible user
interfaces, affording an embodied interaction with digital information, and augmented
objects are alternatively proposed, with the ability to create “rich and unobtrusive user
experiences” (Gianni et al. 2016, p. 13), allowing the capturing of various data types.
Therefore, besides the benefits of mobile technologies, a large body of yet unexplored
technological possibilities exists.

Strategies employed to guide behaviour change
Reduction, tailoring, and self-monitoring emerge as prevalent persuasive strategies.
These, and other persuasive strategies or application functionalities have been found to
support aspects of the CSRL model. While none of the studies outlines reflection as
guiding behaviour change, some report self-reflection, as being supported by appli-
cation features (Gabrielli and Maimone 2013; Gabrielli et al. 2014; Wernbacher et al.
2015), or as subject for future research (Bothos et al. 2014). Given earlier outlined
criticism of persuasion, reflection may represent as an alternative approach. This is
supported by Brynjarsdottir et al. (2012, p. 954), proposing that behaviour should not
merely be prescribed, rather, systems should foster open-ended reflection, meaning for
users to “reflect on what it actually means to be sustainable in a way that makes sense
in the context of their own lives”.
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End-user involvement in the application development
There appears to be a significant user involvement during the testing phase, primarily
constituting itself through the implementation of user studies. Involvement in the other
stages is rarely implemented. Eventually, (Bordin et al. 2014) is the only reviewed
article involving users at all stages.

During user studies, users primarily contribute through consultation. While focus
groups or interviews may allow participants to voice their opinions more freely,
questionnaires and similar approaches are potentially more restrictive. Moreover, how
feedback is eventually exploited and translated into system functionality might not be
up to the participants to decide. Also, Brynjarsdottir et al. (2012) found, that desirable
behaviour is foremost predetermined, in a top-down approach, by professionals
involved in the development of behaviour change systems, with only 3 of their 36
reviewed papers stating participatory design. Eventually, the authors suggest including
users more thoroughly in the design process through participatory design methods, with
the prospect of ensuring that the system’s definition of sustainability corresponds to
user’s daily life, thus making the applications more accepted and useful. This approach
is also supported by Pettersen and Broks (2008) to democratise application develop-
ment and empower people. In terms of the IoT, tools such as TILES Toolkit (http://
tilestoolkit.io/) can be utilised to foster end-user participation, allowing non-experts to
design and prototype smart objects.

6 Conclusion

Three themes have been guiding this review, namely the utilised technology, the
applied behaviour change strategies and the degree end-user participation in the
application development. Altogether the outcomes imply that various possibilities in
the above areas are still unexplored, which is underpinned by previous research in
related areas. Future research efforts will focus on exploring ways in which end-users
can actively and meaningful participate in the stages of design and development.
Ultimately, an ideal solution would create conditions that empower and inform citizens,
enabling them to create their own change through social innovation.
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Abstract. This paper is about public policies for quality assurance in distance
learning towards territory development. The study was based on the literature
review which enabled an overview of the key concepts for a better understanding
of the theme and documental analysis to bring experiences from Mozambique.
Challenges for distance learning pubic policies that recognize different contexts
are also presented, as well as suggestions for quality policies conducive to the
local development; and a short note for further work is also included.

Keywords: Distance learning · Public policies · Quality assurance · Territory
development

1 Introduction

Distance Learning (DL) as a flexible mode can contribute to the territory development
through settlement of inhabitants on their own environment, avoiding displacement in
search of educational opportunities, which very often are in the cities, as is the case of
Mozambique. DL can also lessen the demographic pressure over urban areas from
people seeking academic institutions, as well as better socio-economic conditions.
Through DL people can acquire contextualized qualifications based on the specific needs
of a territory. This paper presents public policies for quality assurance in distance
learning towards territory development through literature review, which enabled an
overview of the key concepts for a better understanding of the theme, as well as docu‐
mental analysis to bring experiences from Mozambique. The following section (Sect. 2)
is an overview of the concepts on quality assurance, public policies and distance
learning; Sect. 3 is about the contribution of DL in the territory development, followed
by Sect. 4 that deals with the challenges to quality public policies towards territory
development, including future work.
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2 Quality Assurance, Public Policies and Distance Learning

There is no doubt that discussing quality assurance public policies in DL is extremely
important because education plays a huge role in preparing people for life and for the
efficiency and effectiveness of all socio-economic sectors. Quality in education is the
center of attention at the global level and is a recommendation of the United Nations
Sustainable Development Goals Agenda 2015–2030 (UNDP 2015).

The growing concern in quality of education provided has led to different interpre‐
tations of what quality is and how should it be maintained, and even increased. Regarding
the first issue, quality is perceived as a “philosophical concept” (Green 1994, 27) and
“quality is often referred to as a relative concept” (Harvey and Green 1993, 10). Authors
believe that quality is everything with perfection, excellence, fitness for a certain
purpose, value for money and transformation (Harvey and Green 1993; Green 1994;
Harvey 2006). In the context of education, such view may not be appropriate due to the
dynamics that occur and involve people interactions, though the concepts may serve as
the basis for the understanding of quality assurance mechanisms in educational settings.

As raised by Harvey (2006, 1) “Quality assurance is about checking the quality…”.
Vlăsceanu et al. (2007) advanced the meaning of quality assurance as an internal process
to achieve the vision, mission and objectives of the institution. However, considering
quality assurance only from an internal perspective of the institution would be neglecting
the government’s responsibility for provision of DL programs.

Indeed, quality assurance in DL involves both internal and external processes. Inter‐
nally, it is an endogenous monitoring mechanism to verify the degree of achievement
of the vision, mission and objectives of the institution, to improve the offering of
programs. Externally, quality assurance is primarily the responsibility of government or
non-governmental regulatory institutions that play an important role in safeguarding the
standards of education established through respective public policies.

Based on different perceptions of quality due to the different interest groups, such as
government, teachers, students, parents, employers and the community in general, it
would be sensible for quality assurance mechanisms to accommodate these different
quality focuses. In this sense, depending on the specific context in which public policy
is defined, we may find different models, especially in relation to established quality
standards, although all models tend to share basic procedures and principles.

With the rapid development of communication technologies, which contributes to
the emergence of new approaches to education, leading to enrichment of the develop‐
ment of DL, in the coming years is estimated to account for 30% of the educational
supply (Ossiannilsson et al. 2015). Indeed, the development of technologies has driven
the evolution of social media networks, which in turn have a great impact on the way
of approaching DL practices (Peters 2004; Bates 2008). In teaching and learning in a
digital context, the user has the possibility, from self-instructional and other materials,
to interact dynamically with the study contents. The student passes from a passive
subject, becomes active and participates individually and collectively in the process of
knowledge production. The electronic availability and the possibility of combining the
various support tools allow the creation of more integrated learning environments, which
facilitates distance study. These dynamics require provision of responsive quality public
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policies, which in DL generally its implementation is carried out through accreditation
processes.

In Mozambique, the full process of accreditation involves three main governmental
institutions, namely: Instituto Nacional de Educação à Distância (INED), a public and
regulatory body that among other assignments must define policies, undertake the audit
and review of DL institutions and programs at all levels of education (Conselho de
Ministros 2006). Another body is called Conselho Nacional de Avaliação de Qualidade
(CNAQ) which is responsible for academic compliance of programs. The third is
Direcção Nacional do Ensino Superior (DINES) which caters for the legal aspects of
the establishment and running of all higher education academic institutions. Figure 1
shows the relationship between the three key stakeholders in the full cycle of DL
accreditation.

INED
DL method-
ologies for 
all levels of 
Education

CNAQ
Academic 
requirements 
for Higher 
Education

DINES
Legal aspects 
for opening 
of Higher 
Education

Fig. 1. The three key bodies for full distance learning accreditation process in Mozambique.

In 2009, the Regulation of ODL was approved and it is applicable to all levels and
types of education. According to the regulation, accreditation is defined as quality
certification awarded by the accrediting body, INED, based on the results of the external
evaluation to the institution, course or study program (Conselho de Ministros 2009).
The accreditation system in Mozambique consists of seven key DL dimensions applied
in a systemic approach to evaluate both institutions and programs. Each dimension is
given a relative weight resulting from the need to respond to the type of irregularities
most frequently committed by institutions. For example, the dimensions’ pedagogical
organization, study materials and student support services hold a greater percentage
(20%) each, than the institutional strategy for distance education (6%) and monitoring
and evaluation dimension (7%); as they are the areas that have the greatest impact in
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the provision of DL courses nowadays in Mozambique. Below the seven key dimensions
for quality assessment in DL and their respective relative weights are presented (INED
2014):

Dimension 1: Institutional strategy for distance education (6%)
Dimension 2: Pedagogical organization (20%)
Dimension 3: Physical and technological resources (10%)
Dimension 4: Study materials (20%)
Dimension 5: Student support services (20%)
Dimension 6: Human resources (17%)
Dimension 7: Monitoring and evaluation (7%)

3 Distance Learning and Smart Territory Development

What is known today as DL goes back as far as the 1880s with the emerging of corre‐
spondence education. People willing to study at home or at work were able to do so
through printed material, which reached them by postal services that took advantage of
the railways network (Moore and Kearsley 2007). As other media became available and
used to offer courses at distance, correspondence education became known as distance
education (Holmberg 2003). “Distance Education is a suitable term to bring together
both the teaching and learning elements of this field of education” (p. 38) (Keegan
1996). There is therefore an element of teaching and learning in this mode of education,
happening separately from each other being this the main characteristic of this mode of
education. In DL “(…) teachers and students are in different places for all or most of the
time that they teach and learn. Because they are in different places, in order to interact
with each other they are dependent on some form of communications technology”
(Moore and Kearsley 2012, 1).

World over, DL has been used for different reasons. For instance, DL has been an
opportunity for those with jobs, family responsibility and social commitments, but they
can study at home or at work at their own time. People living in remote areas or where
there is no school at all can as well benefit from DL and, in that way, not prevented from
education. In some countries, the educational problems have part of their solution
embracing DL with many countries in Africa establishing structures to run educational
programs through this mode of education (Perraton 2012).

Mozambique introduced the National Education System in 1983 and adjusted it in
1992 under the law 6/92 to meet the new political and social transformations that the
country was faced with. The National Education System contemplates DL as part of the
System and can be used on its own or as component of a certain educational program.

Before independence, Mozambique experienced DL programs run from Portugal.
The programs were very practical and people learned skills through short courses such
as cooking, sewing, electricity, radio and TV repair among others. People acquired
knowledge and skills that enabled them to deal with practical issues of daily life
providing solutions for them and people surrounding them contributing in that manner
to the betterment of their lives and families and ultimately of the community in which
they were living. Through DL and without having to leave their environment, families
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and community, people learned a profession that enabled them solving practical prob‐
lems and also generate some income for their families.

The first DL experience under the National Education System was with the in service
training of unqualified primary school teachers. The program started in 1984 through
printed material, radio and occasional face-to-face sessions. Around 1,200 teachers from
six (6) provinces were registered for training with the program. Due to the flexibility of
DL these teachers did not need to leave their schools to attend training. While working
they took training that enabled them to put into practice in the classroom the new skills,
which contributed to improve their professional capacity and facilitating students
learning.

Since then, many other programs followed that experience. In 2013 there were
around 14 institutions offering DL programs and courses, 52.389 students and around
50 courses (Ministério da Educação 2013). DL is enabling people to get education
without having to abandon their jobs, families and community; and in some cases not
having to miss education because of the lack of educational opportunities locally.

Through DL people stay in their villages, towns and communities avoiding travelling
and moving to other places to get education. This helps families remaining together and
reduces the burden of the costs of education in other places far from their region
providing them the opportunity to contribute to the development of where they live.
While in Mozambique in every town and village there is a primary school, the same
does not happen with secondary schools or higher education institutions, which are
mainly located in provincial capitals and in some major towns.

Education is key to development. In “(…) the late 1950s and early 1960s there was
general agreement among politicians, educational and social planners, and scholars that
education was a key agent for moving societies along the development continuum”
(Fagerlin and Saha 1989, 40). In the beginning of the 1960s the world started investing
in education (formal and informal) with the believe that by educating and training people
would impart skills, knowledge, attitudes and motivation to contribute to economic and
social development (Psacharopoulos and Woodhall 1985).

Since the early days of independence, Mozambique invested tremendously in educa‐
tion and, as a result, the education system grew considerable. From 1974/1975 to 2016,
primary schools went from 5,261 to 12,527; secondary schools went from 9 to 703;
vocational and professional schools went from 29 to 120 and at the tertiary level from
one (1) institution to 49 institutions. In the same period, the number of students in total
went from 709,299 to 7,276,981 (Ministério da Educação e Desenvolvimento Humano
2016).

Although the tremendous improvement in education since independence more needs
to be done, so that access to education could become available to most of the population.
The expansion of education, obviously, requires resources. Resources are not always
available which could pose a problem in the provision of education for the population.

The Education Strategic Plan (ESP) 2012–2016, which will be prolonged until 2019
to ensure the fulfilment of the planned activities, highlights “(…) the continued expan‐
sion of the Education System, within the possible limits to guarantee the quality of the
educational services offered, through exploring several delivery modalities, including
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distance learning and benefitting from the potential of new technologies” (Ministry of
Education 2012, 2).

Education is crucial for development. With education people are better prepared to
contribute with their knowledge and skills for the development of the society and the
country. The National Education System in Mozambique recognizes DL as a delivery
mode of education opening opportunities for everyone to learn no matter the condition
ensuring, therefore, expansion and access to education. Through DL Mozambique is
delivering primary education, secondary education, vocational education and higher
education programs to those in need. With these programs, people are getting the
knowledge and skills without having to abandon their jobs, leaving families and abandon
their communities to get education. They are acquiring knowledge and skills to deal
with the challenges they are faced with and come up with well-informed solutions
contributing to their economic and social development as well as of the country. DL
with its main characteristic of being a flexible mode of learning can contribute to the
local smart development by enabling people to remain in their environment, villages
and towns avoiding pressure of the already overcrowded urban areas in search for
academic institutions.

4 Challenges to Quality Public Policies Towards Territory
Development

In general, the challenges of DL public policies leading to the development of the terri‐
tory accompany the stage of socio-economic development of a space. Although diver‐
sification of sources of knowledge and the way it is accessed is a valuable form of
preparing people to actively participate in the development of a territory; it is still a
challenge to have acceptable mechanisms that can guarantee quality of education
provided. The extension of sources and forms of knowledge are somehow a major chal‐
lenge worldwide for the development of public policies conducive to the provision of
quality DL.

In the context of developing countries and Mozambique, in particular, although
political enabling environment is visible there are still major challenges in the provision
of the basic technological infrastructure, such as power supply, bandwidth and equip‐
ment; qualified personnel to deal with technology; experts on the DL quality public
policies and financial resources for a number of initiatives including research.

It is also a challenge to develop policies that promote development of territories since
it would be necessary to avoid the “one size fits all” approach but taking into account
particular contexts to allow people not to leave their places of residence and/or work in
search of educational opportunities, which are often found in the big cities, as in the case
of Mozambique. The rural exodus very often contributes not only to the delay in the
development of the countryside, but also to the demographic pressure in urban areas.
The challenge is to make a public policy caters for different realities in order to achieve
the desired development of a space made up of differentiated contexts.

The spectrum above briefly presented usually is mitigated through definition of
strategies in order to focus and overcome the main challenges. In Mozambique, the issue
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of quality is one of the three pillars of education. The ESP recognizes that “the sector
will continue to improve the quality and relevance of post-primary education to
strengthen its role in the economic, social and political development of our society”
(Ministry of Education 2012, 33). In addition, as recognized in the DL Strategy for the
period 2014–2018 (Ministério da Educação 2013) the government advocates for a DL
system that guarantees citizens access to the different levels and types of education
through expansion of institutions and programs that meet the needs of socio-economic
development with quality and equity. With this approach it is expected from the govern‐
ment policies for quality assurance in DL to cater not only for people well-being but
also for smart territory development nationwide as well as beyond borders

Due to the rapid increase of DL providers, including the diversification of courses
offered, as a response to the government strategy, there was a need to regulate the use
of this educational modality in the country. To this end, the government created INED,
in 2006, as a public and regulatory body. Among other assignments must create and
develop the system of quality assurance and accreditation in ODL (Conselho de Minis‐
tros 2006). Regarding government quality assurance mechanisms for DL to face accred‐
itation of transnational DL programs, it is suggested that countries work closely in the
recognition of a program in the country of origin.

In the near future, it is worth to mention that studies need to be carried out to recom‐
mend what DL public policy should address to accommodate different needs of different
people in different contexts, as in the case of Mozambique. With quality public policies
that recognize context differentiation, DL would contribute to the promotion of territory
development since people would access quality education and training remaining in their
communities, and thus responding to the local socio-economic demands.
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Abstract. Algorithmic thinking is at the heart of computational thinking: it
requires to abstract a problem and to model it, as well as to specify a sequence of
instructions for solving it, that is, an algorithm. In many countries, computer
science education in primary or secondary schools is moving towards computa‐
tional thinking and, partly, algorithmic thinking education. This paper supports
the idea that algorithmic thinking should be taught from primary schools, through
physical activities, without sitting in front of a computer screen, and by exploiting
Internet of Things technologies, specifically, by using inter-connected interactive
tangible objects. The paper focuses on the design of such tangibles for teaching
graph algorithmic thinking. It shows in what sense their design was participatory
and followed an action-based re- search approach, moving from the context of
use analysis to iterative design sessions and field studies with tangible prototypes,
used by teachers or children. The paper presents one of such tangibles and field
studies with children. The paper ends by reflecting on the design process of tangi‐
bles for graph algorithmic thinking.

Keywords: Algorithmic thinking · Tangible · Interaction design

1 Introduction

Algorithmic thinking (AT), which is at the hearth of the best known computational
thinking (CT) (e.g., Maloney et al. 2010), requires to abstract the essentials of a problem
and to model it, so as to give step-by-step instructions (an algorithm) for its resolution
(Futschek 2006). In many countries, CT and its core, AT, are increasingly being consid‐
ered for training programmes for teachers and education curricula of schools, from
primary schools onwards. The use of interactive tangibles for teaching AT potentially
fosters the interplay between abstraction and concreteness, by stimulating different
learning modalities, following a constructive approach to learning (Futschek and
Moschitz 2011). This paper focuses on interactive tangible objects for graph algorithmic
thinking (briefly, tangibles for graph AT), for primary and middle school contexts.

Simply put, a(n undirected) graph is an ordered pair G = (V,E), with V = {v1,…,vn}
a set of nodes, and E = {vi,vj |vi,vj∈V} a set of edges between pairs of nodes. Graph AT
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requires to model a problem with a graph, to understand its properties and to envisage
algorithms for deciding on them. Example problems, familiar to children, are given by
social networks, such as Facebook, with profiles of users, related through friendship
relations. Profiles can be modelled as nodes of a graph, and edges between nodes repre‐
sent friendship relations. Problems are: is there a way to connect a user profile, A, to a
user profile, B, through mutual friends? That amounts to the verification of a property:
whether there is a path in the Facebook graph between A and B. Given our set of profiles
of users, are they all connected through mutual friends? That means verifying if the
graph is connected, another graph property. If not, how can one connect all the given
profiles of users? In other words, how can one devise an algorithm for that? Under‐
standing graph properties and modelling are prerequisites for understanding and
devising graph algorithms.

This paper builds on the idea that tangibles for graph AT can enhance the learning
of graph AT, conceived as a continuous contextualised process as in constructivism (e.g.,
Fosnot 2005). The design of such tangibles is thereby highly complex: it should release
evolving tangibles and explore their users’ appropriation in field studies, according to
their specific learning contexts. Participatory design or, more generally, action- based
research approaches, which recommend the deployment of exploratory tangibles in real-
world contexts and assess their usage over time, could help design tangibles that are
informed by repeated usage practices. This paper promotes the idea of using participa‐
tory design for tangibles for graph AT.

The paper starts by providing background information in Sect. 2: related work, the
reference learning theory and participatory design approach. It moves on presenting the
participatory process of tangibles for graph AT, and the most recent prototype in
Sect. 3. Section 4 presents results from the latest small-scale field study with a teacher,
primary and middle school children. Section 5 concludes the paper and recaps lessons
learnt for future work.

2 Background

2.1 Related Work in AT or Graph Education for Schools

Perhaps the best known approaches to AT education are based on coding, and program‐
ming environments for children, e.g., the aforementioned Scratch. Proposals, such as
CS-unplugged by Bell et al. (2008), instead, teach CT without computers and with
pencil-and-paper interventions, which require physical activities. CS-unplugged has
inspired similar research work, e.g., algomotricity (Bellettini et al. 2014), with puzzles
(Lamagna 2015). In particular, teaching of graph modelling and algorithms through
physical non-interactive objects has also been the subject of research in the recent past,
in school contexts, e.g., (Gibson 2012). Such pencil-and-paper interventions are predom‐
inant in countries or schools without sufficiently many computer labs, which is the case
in the geographical area we work in.

Relevant related work for AT education is then in the area of interaction design of
tangibles (briefly, ID), e.g., (Bers et al. 2014; Lee et al. 2011). Teaching AT through
tangibles has received increasing attention in recent years. AT has been introduced, for
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instance, with a haptic model (Capovilla et al. 2013). AT activities with tangibles and
involving multiple learners are fewer. The main reference is (Gennari et al. 2016), which
describes a gamified tangible for primary schools, BALA, for the scaffolding of the
bubble sort algorithm.

2.2 Main Reference Learning Theory

This paper moves along the lines of fostering learning of graph AT through physical
activities, together, according to the learning contexts. Its main reference learning theory
is constructivism in a sociocultural approach (e.g., Fosnot 2005). According to construc‐
tivism, learning is not absorbing facts, but an active dynamic knowledge-construction
process. In a constructive learning experience, a learner is usually given tools to
construct knowledge, possibly through different senses.

Constructivists also purport that learning is tied to learners’ experience and con- text;
learning is based on learners’ existing knowledge, and needs to be connected to their
context so that people perceive learning as meaningful for them.

While classic constructivism emphasises individual knowledge construction, soci‐
ocultural constructivism stresses the importance of interactions with others for co-
constructing knowledge and mutual learning: teachers, experts, or peers. Learners can
tackle difficult learning tasks with others, as they move through their zone of proximal
development, in which scaffolding gradually changes and fades away.

In brief, in sociocultural constructivism, it is through different modalities and inter‐
actions with diverse tools and people that learners can truly learn.

2.3 Main Reference Design Approach

The design of tangibles for graph AT has several dimensions to consider, e.g., whether:
tangibles can support the scaffolding of graph AT, in a constructive manner; tangibles
can be used by their users (usability) and inspire novel usages.

That motivates the adopted design approach, which is participatory and based on
action-research. This approach tries to involve users in a continuous spiralling process:
designers release evolving prototype solutions for the learning context; actions in the
field are organised (that is, field studies), in which users use prototype solutions and
unveil design and learning possibilities; field studies are reflected over and novel solu‐
tions are advanced, e.g., (Gennari et al. 2017a, b). All participants in the process should
benefit from it; users and designers can continuously contribute to the development of
tangibles, and all they can mutually learn through the process, in line with sociocultural
constructivism. How the participatory approach was applied for tangibles for graph AT
is explained next.

3 The Design Process of Tangibles for Graph AT

Participatory design with action research, introduced above, is adopted in this research
for developing evolving tangibles for graph AT. The design process releases exploratory
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prototype solutions, which are used in studies with designers and users; these are
teachers and 9–13 years old pupils from primary and middle schools.

Specifically, the design process started with a context of use analysis, which triggered
the first design ideas. Designers released alternative design mock-ups and then proto‐
types of tangibles for graph AT. They also delivered usage scenarios for primary and
middle schools. The figure depicts an usage of such interactive tangibles. It shows a
group of four learners who are building a graph with a set of tangibles for nodes and
edges, besides a tangible “confirmation button” that children can use to signal the
conclusion of their task. A class teacher monitors students’ activities through her or his
own interface, on a computer.

The figure also shows some tangibles for graph AT of the most recent prototype:
three tangibles for nodes (wood boxes with LEDs); tangible for edges (Ethernet cables);
a confirmation button (white and circular, with a blue button on top).

The prototype implements a distributed client-server architecture. Server and clients
communicate through a WiFi connection. The server is a computer that verifies graph
properties, and implements the graphical interface for teachers. Clients, which are the
tangibles for children, interact with the server and children through micro-electronic
components.

From the interaction viewpoint, the design of tangibles is modular and vertical: it
implements few but relevant interaction functionalities to explore and rapidly adapt
according to children’s usage and ideas. Edges, which are Ethernet cables, are just
passive links, and presently provide no interaction. The confirmation button can only be
pressed by users for signalling that they concluded their work and are awaiting the
feedback of nodes. The main interactive tangibles for users are nodes.

Each node is equipped with an RGB node LED and three RGB edge LEDs, besides
other microelectronics components. RGB node LEDs are activated for giving specific
types of feedback, e.g., RGB node LEDs of a strongly connected component switch on
with the same colour. Each node has three sockets for cables, and in parallel three RGB
edge LEDs. The edge LEDs are activated when a cable is inserted in its socket, or for
delivering other types of feedback concerning edges, e.g., in a simple graph there is only
one edge between a pair of nodes (Fig. 1).

Fig. 1. Envisioned usage (left) and some of the prototype tangibles for AT (right).
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4 Field Study

Prototype tangibles for graph AT, made of cartoon, were used by experts of interaction
design and then teachers. The usage sessions with teachers served to uncover potential
usability issues and unexpected usage scenarios. In particular, teachers found the inter‐
action design choices clear for their pupils. A teacher was concerned with the fragility
of the nodes, cartoon made, and hence they were made with wood in the latest prototype
for children. Usage sessions with teachers suggested that tangibles for graph AT could
be used to teach pupils properties of binary relations on a set (the graph edges), which
are part of traditional curricula—reflexivity and asymmetry. This scenario was imple‐
mented in the current prototype, but not tested yet.

The field study with the latest prototype of tangibles for graph AT aimed at inspecting
whether children would grab graph AT ideas with the prototype, at dis- covering further
potential usability issues as well as at unveiling novel design ideas with children. The
study took in total 20 min and was run in an informal learning context. Its main results
are described next.

4.1 Study Design

Participants and Roles. A designer and usability expert was present with a teacher,
who acted as moderator and expert of learning contexts, as well as of users of the devel‐
oped technology. Participant children were 3, one from primary schools, 9 years old,
and the others from middle school, 13 years old.

Goal and Material. The study goal was gathering qualitative data useful for the design
in relation to graph AT understanding through tangibles, usability issues and children’s
design ideas for the prototype tangibles, like in (Di Mascio et al. 2014; Gennari et al.
2017a, b). The study was thus formative and with the most recent prototype of the
tangibles for graph AT; see the figure. The study also used scenarios, which are briefly
described as follows.

Scenarios. Scenarios were incremental for the scaffolding of graph AT, in line with the
chosen learning approach (see Sect. 2) and related work in AT education, e.g., (Gibson
2012). All scenarios used the Facebook social network metaphor; the teacher progres‐
sively unveiled scenarios and asked probing questions concerning graph AT. The first
scenario was the basic one. It introduced children to the prototype nodes and edges; the
teacher asked children how the prototype could be used to model the social network. In
the second scenario, the teacher guided children to construct a simple graph with two
strongly connected components. Then the teacher asked children to push the confirma‐
tion button, and the node LEDs of the connected components coloured differently (see
the figure). The teacher posed questions concerning children’s understanding of the
graph properties. In the third scenario, the teacher asked children how they would
construct a connected graph (in which all profiles are reachable through friends), in order
to understand what algorithm they would devise.
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4.2 Study Results

Graph AT. Children were incrementally introduced to the prototype and all three
scenarios. As for the first scenario, all children understood how to model the social
network with the prototype nodes and edges: nodes were used to model user profiles of
the social network, and edges for friendship relations. As for the second scenario, all
children managed to physically construct the graph under teacher’s instructions, distrib‐
uting work (who connects what). When the confirmation button was pushed, they
commented that nodes with different colours “were for people who did not know each
other”. When the teacher moved them to the third scenario, all of them opted for the
minimal number of nodes to connect in order to construct a connected graph (any two
nodes of the two components).

Usability Issues and Uncovered Design Ideas. Children found the interaction design
choices usually clear for them: the green for LEDs, meaning that the choice was correct;
edge LEDs blinking with different colours, one per strongly connected component, if
the graph is not connected. However, all children found the blink timing too short: they
wished to have longer time to watch LEDs and reason on strongly connected compo‐
nents. Children suggested to have colours different than green for strongly connected
components—green should be reserved for “ok”. They also wanted designers to intro‐
duce sound effects: a “happy sound” when the desired property is satisfied (e.g., connect‐
edness) and a “fun” sound otherwise.

From the product design viewpoint, several issues emerged. For instance, boxes
should be round to allow users to easily turn them and see all edge LEDs. Cables were
not always easy to manage for the younger child, and overlapping edges were confusing
children.

5 Conclusions

This paper introduced the idea of tangibles for graph AT, for scaffolding the learning of
graph AT in an active multimodal experience, as recommended by constructivism. It
motivated and presented a participatory design process for them, with an action-research
approach. This spirals through exploratory prototypes of tangibles for graph AT and
field studies; then users (teachers and children) and designers use tangibles and co-
discover design and learning possibilities. The paper presented the most recent prototype
of tangibles for graph AT, and the related small-scale formative field study with children.
Tangibles were used to convey the modelling of social network problems with graphs,
and the scaffolding of a simple graph algorithm.

According to the study findings, children could grasp basic properties of graph,
model problems with the tangibles and devise a strategy for an algorithm that builds a
connected graph. Usability issues and few design ideas also emerged in the study. The
results of the study are limited in scope and yet interesting for the participatory design
of tangibles for graph AT, as discussed in the remainder.

Design results were limited to specific features of tangibles. Possible reasons for that
are the short time of the study (20 min), and the fact that children could express their
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design ideas mainly verbally. Future studies should allow children to freely play with
the tangibles, as much as they wish, and give them material to express their design ideas
differently than in words or through designers’ observations. Another explanation is that,
being vertical prototypes, tangibles were (on purpose) limited in interaction design
functionalities; however, that allowed researchers to rapidly and easily assess their usage
by children. The results of the study are limited in terms of participants (a teacher and
three children from different schools) and investigated scenarios. Anyhow, the results
are useful in that they indicate how such tangibles can be used in primary and middle
schools to enhance graph AT.
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Abstract. Children of the 21st century grow up in a world full of information
and technology. Education should equip them with useful skills and competen‐
cies, allowing them to actively and effectively take part in a globalised society.
Teachers feel the need for educational tools that support innovative teaching. To
this end, this paper describes the development of The Diorama Project. This series
of trans-disciplinary workshops combines familiar subjects, like language and art,
with new topics such as programming and electronics, to foster valuable skills
and knowledge in a more fun and tangible way. Pupils team up to write, record
and tinker a story. Programmable electronics let their theatre plays come alive.
An open source platform provides all the information for teachers to organise the
workshops by themselves. They can use it to share their experience and knowl‐
edge with colleagues worldwide.

Keywords: STEAM education · 21st century skills · Play

1 Introduction

Recent years has seen a renewed focus on skills such as critical thinking and reasoning
as part of education, so called 21st Century skills. While they are perhaps not new (Will‐
ingham 2010), they can be viewed as newly important (Silva 2009). Yet, despite renewed
focus, according to the World Economic Forum (2015) all too often pupils are not
attaining the essential skills they need to prosper in this century. Providing teachers with
ready-to-use educational tools, is necessary to tackle this problem (Mataric et al. 2007;
Thijs et al. 2014).

While the industrial society of the last century aimed at mass consumption focusing
on motorization (Masuda 1980), modern society can be viewed as a ‘knowledge society’
(Anderson 2008; Dede 2010; Halász and Michel 2011) which refers to economic systems
where ideas or knowledge function as commodities (Anderson 2008). Beside dynamic
changes in the types of jobs demanded in the knowledge society (Reich 1991), we also
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face the challenge to educate young people for jobs that don’t exist yet (Dede 2010;
Voogt and Roblin 2012).

The World Economic Forum (2015) proposed 16 skills, grouped into three broad
categories (Foundational Literacies, Competencies and Character Qualities, see Fig. 1).
21st Century Skills can be added as new subjects or new content within traditional
subjects. However, most of them are not directly linked to a specific field but relevant
across many fields.

Fig. 1. 21st Century skills, according to the world economic forum (2015)

1.1 Learning Through Playing

To engage pupils, especially children, the inclusion of play in the learning process can
be helpful. By combining what children learn and what they do for fun, exciting learning
experiences can occur (Johnson and Thomas 2010). Children develop creative thinking
techniques that are important to many fields, but particularly useful for learning science
and engineering (Mcgrath and Brown 2005). Ferrari, Cachia and Puni (2009) have
identified that creativity and innovation have strong links with knowledge and learning.
Creativity is seen as an essential skill that leads to knowledge creation and the construc‐
tion of personal meaning

Tangible mediums as learning tools also benefit the learning process. Resnick (2006)
found that familiar objects used in unfamiliar ways can spark children’s interest in
learning new subject matter. They let children use food as musical instruments, for
example, to explore the resistance of different substances. Children were more comfort‐
able experimenting and exploring while playing with familiar materials. At the same
time, they were more triggered when unexpected things happened with these objects.
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1.2 The Role of Technology

Most 21st century competencies can either be supported or enhanced by information
and communications technologies (ICT) (Ananiadou and Claro 2009). The use of tech‐
nology can also expand children’s understanding of traditional school subjects, such as
literacy, science and mathematics. Besides enhancing learning experiences, technolo‐
gies can foster innovative teaching (Roschelle et al. 2000). It gives teachers the oppor‐
tunity to reconsider how courses and learning activities are organized (Blumenfeld et al.
1991; Beetham and Sharpe 2013).

Multimedia, such as video and animation can be used during class to explain compli‐
cated concepts. The purpose of technology is to facilitate learning, but ICT and other
technological mediums can only be relevant when they are used as learning tools, and
not just for the sake of using technology (Niess 2005). Further, technology will only
enhance the learning experience when it suits the age and the proficiency level of the
pupils.

The implementation of new competencies and new education strategies, but also the
use of technology in the classroom, can be major challenges for teachers (Niess 2005).
To engage in this educational change, teachers need to feel competent and value what
they are teaching (Blumenfeld et al. 1991; Ananiadou and Claro 2009). They should
spend sufficient time on supporting their pupils and are also expected to have mastered
all the skills and knowledge themselves (Gordon et al. 2009). To bring these theories
into practice, teachers should be supported with educational tools (Mataric et al. 2007;
Thijs et al. 2014).

An emerging approach for teaching 21st Century Skills is STEAM (Ge et al. 2015),
explained by Yakman as (2008) “Science and Technology interpreted through Engi‐
neering & the Arts, all understood with elements of Mathematics”. Art broadens pupils’
horizon, stimulates them to imagine the impossible and follow their intuition, and is
crucial to support STEM skills (Tarnoff 2010). As noted by Peppler (2013), STEAM-
powered education can additionally play a role to correct the gender balance currently
present in engineering disciplines (Barnard et al. 2012).

Most children decide whether to choose a STEM related career before the age of 14,
based on early experiences (Tytler et al. 2008). Functional and educational toolsets
developed for pupils and teachers, can be of great support for educators to foster early
interest in STEM related disciplines.

A child’s learning process especially benefits from interaction with tangible objects.
Lego Education WeDo 2.0 (Lego Education 2017) and littleBits (2017) are two popular
education tools to bring STEAM subjects – especially electronics and coding – in
primary schools.

2 Introducing: The Diorama Project

To address the challenges of introducing 21st Century Skills in the classroom, with an
emphasis on art and creativity, we introduce the Diorama Project, a series of transdis‐
ciplinary workshops where familiar subjects, like languages and art, are combined with
new topics such as programming and electronics. The overall goal of the workshop is
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to make a table top mini-theatre (see Fig. 2), using a construction kit with four empty
stages. Three to five pupils collaborate to create a mini-theatre play by building the mini-
theatre (engineering), writing a script, recording it (spoken word, ICT) and tinkering
with the stages, props and characters (visual art, engineering). Finally, with Microduino
mCookie’s programmable modules (Microduino Studio) they can let their theatre plays
come alive (technology, math).

Fig. 2. Example of a mini-theatre

The project thus integrates many of the 21st century skills described by WEF (2015).
Critical thinking, creativity, communication and collaboration are strongly encouraged.
Besides, a long-term project also requires pupils to show persistence, leadership and
take initiative to reach their goal. Teachers choose when their Diorama Project starts
and ends, spreading it over an entire month or one week. An open source platform
provides them with all the information to organize the workshops by themselves, or they
can ask help of people familiar with computer science and programming.

For this project Microduino mCookie smart modules are used to control the mini-
theatre. Children can program these modules with Blocky4Arduino. This is a web-based,
visual programming application for Arduino developed by Ingegno. The visual interface
is colourful, easy to use and accessible for children of all programming levels.

In the following section, we discuss the overall development process of the Diorama
Project, followed by our main lessons learned.

3 Developing the Diorama Project

The experience of children with early versions of the Diorama kit took a central place
in its development. The product can only become functional and satisfying when users
are involved throughout the whole process of designing. Therefore, user centred
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workshops were organized frequently during the entire design of the tangible medium
and the content development of the project.

In total, four iterative and interactive workshops were conducted during the design
process. The goal of the workshops was to identify any usability problems, and deter‐
mine the participant’s satisfaction while building their mini-theatre.

Nearly 40 children were involved during the development of the project. In total,
participants developed 10 different mini-theatres. After workshop 2 and 4 the partici‐
pants were asked to fill in a questionnaire. Questions centred around what pupils found
challenging, what they learned or their experience with various aspects of designing the
theatre, such as programming or scripting the dialogue.

Every workshop was observed to make continuous improvements on the mini-theatre
prototypes, programming platform, project plan and activities. Below we provide a brief
overview of each workshop.

Workshop 1: Ten children from 10 to 12 years old participated. In teams of 3 to 4
members, the children gathered information about their topic, tinkered the stages of the
mini-theatre and recorded the text. They were introduced to the Arduino IDE. Finally,
they gave a presentation with their mini-theatre for their parents and siblings.

Workshop 2: A mini-theatre project was organised with the 5th grade (age 10–11) of
a local primary school. Ten girls and eleven boys took part in a workshop of three hours.
They made teams of four to five members. The teacher asked each group to think of a
fictive story for their mini-theatre. She led the story writing activity. Next, the children
did sound recording and tinkering under the supervision of the designer. Programming
would be done in a later workshop.

Workshop 3: A small class of 6th graders (age 11–13) was invited for a mini-theatre
workshop at the local library. The workshop covered an entire school day (5 h). Four
girls and three boys took part. The children were asked to base their story on a book that
they could choose from the library. Since the time was limited they were suggested to
choose a picture book. They went through all activities of the project, including
programming with a new visual programming platform.

Workshop 4: A final workshop was organised with the same group of children that
took part in user workshop 2. The main focus of this workshop was programming with
the new visual programming platform. Each group could use one laptop. The workshop
lasted for three hours again. The teams also continued tinkering their mini-theatres in
this workshop. The project ended with a final presentation of all mini-theatres.

4 Results and Discussion

After every workshop, changes were made to the design of the mini-theatre. The first
mini-theatre was a simple cardboard construction with a servo motor under the stages.
Later, two gears were added and different materials were used. Only some minor changes
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were made to the design of the cardboard stages. Children enjoyed that they could take
the stages apart while tinkering.

Our workshops illustrate that the project has the most value when it is organised in
multiple sessions over several weeks. In this case, children can reflect on their work
during the process of making it. They can still make adjustments before the project is
finished. Our interviews with participants show that the Diorama Project works best in
a storytelling context. Children can invent their own story, tell a fairy tale or remake a
book; the possibilities are endless. Sound recording is a rather unusual activity for
schools, but children think it is a great thing to do. While they are using the computer
in a purposeful way, they practice speaking skills, empathise with their character and
gain self-confidence.

Tinkering the stages of the mini-theatre is by far children’s favourite part of the
project. It requires teamwork and stimulates spatial thinking, which are both important
skills for working in technology and engineering contexts. Crafting supplies, like recy‐
cled materials and little household items of all shapes, can encourage creativity.

Observations showed that children struggled with the syntax of Arduino’s C-based
programming language. To meet the needs of the mini-theatre project, new visual blocks
were developed for the visual programming platform Blockly4Arduino (Ingegno). As a
result, the project stimulates logical thinking without the hassle of forgetting semicolons
or brackets.

Literacy is another major component of the project. By inventing a story for their
mini-theatre, children enrich their vocabulary, improve writing and communication
skills and stimulate their imagination. It encourages pupils to collaborate and share ideas,
concepts and experiences. Also, research has shown that girls show more interest in
learning computer programming when it is used for the purpose of storytelling (Kelleher
and Pausch 2007).

Currently, a gender difference is often noticed in STEM disciplines. Boys are more
familiar with construction toys (like LEGO), cars, robots and science topics (Rogers and
Portsmore 2004). LEGO is commonly used in engineering classes and many educational
tools for programming are robots. As a result, boys feel more confident and courageous
when taking part in STEM activities. The mini-theatre concept has another approach;
both boys and girls have written and listened to stories before. They also have taken part
in tinkering and crafting activities since kindergarten. By doing so, this project strives
to be gender equal and stimulate both boys and girls to take part actively during the
whole process of making.

Finally, a STEAM project should be fun. The mini-theatre fosters imagination and
creativity of children. By storyboarding, sound recording, tinkering and programming,
every group will finish with a unique product that reflects their personality and abilities.
After all, learning valuable skills and competencies, is the project’s goal, but showing
a magnificent theatre play is the ultimate goal of children.
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5 The Diorama Kit

To organise the workshops a supporting kit was developed. Each team of three to five
pupils uses one Diorama Kit, including

– instruction booklets for every activity;
– a microphone for the sound recording activity;
– Microduino mCookie modules;
– all the building parts to assemble the mini-theatre.

The mini-theatre is a modular building kit giving children the freedom to build and
rebuild many different constructions for their theatre. All parts of the kit are 3D printed
with PLA or laser cut of 3 mm PMMA sheets. Since many materials, such as plywood,
MDF and cardboard, are available in 3 mm, pupils and teachers can create extra parts
by themselves to enhance their mini-theatres.

The kit is designed in such a way that the four stages can also be replaced by either
two or three stages. The stages are not included in the diorama kit. Children can cut them
out of cardboard sheets by themselves. Hence, teachers can reuse the diorama kits as
many times as they want.

Furthermore, all the production files are open source. Schools, workshop organisers
and makers worldwide can use a laser cutter or other production techniques - even a
cutter knife and some patience will work - to make the mini-theatre by themselves. They
can easily make adjustments or use other electronic modules as well.

Although teachers are free to plan the workshops according to their own schedule,
our results show that it is recommended to follow the order given below.

Story writing starts with a brainstorm about all types of stories that children could tell.
Which stories do they enjoy listening to? Have they ever seen a theatre play? Can famous
stories be changed? Whatever they can imagine, they can write. Next, each team chooses
one story from the brainstorm for their mini-theatre. They learn about storyboarding and
the basic elements of a story’s structure. Finally, they write the script of their story. The
activity takes 1,5 h.

Storyboarding: Before they start tinkering, every team takes a look at their script and
storyboard again. Together, they make a plan, so everybody knows what each member
is going to make. Ideally, this is done a few days before the tinkering activity, in case
pupils want to bring extra crafting supplies for their mini-theatre. The teams can tinker
for about two hours, but the stages shouldn’t be finished yet after this activity.

Sound recording: This workshop starts by listening to audio clips of theatre plays,
animation films, stories and dialogues. Pupils hear that some character have different
voices, temper and dialects. This is the art of spoken word and voice acting. It is impor‐
tant that children learn to empathise with their character and use intonation while
speaking. After short practice, they can record their play with a voice recording appli‐
cation. This activity should take no longer than 1,5 h.
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Tinkering: Since they have already written and recorded their stories, pupils have a
better understanding of what they want to make. As they continue tinkering, they can
implement new ideas, adjust and improve what they had made, and give feedback to
their classmates. They should finish all stages at the end of this workshop (1,5 h) (see
Fig. 3).

Fig. 3. A pupil during the tinkering activity

Programming: Everything is ready, now they only have to bring it alive with the elec‐
tronic modules. First, the children follow the instructions to get familiar with the
programming interface. By doing this, they will end up with a basic diorama that can
rotate and play sound. Next, they can choose from a list of features to add light, more
buttons or extra sounds. By following specific instructions, every group enhances their
theatre play with unique features. This activity will take at least three hours, but
depending on the interest of the pupils and the time the teacher can give, the workshop
can be extended.

Presentation: Each team presents their play to their classmates and teacher. Classmates
get the chance to provide useful feedback.

Filming and video editing: After the presentations, this optional workshop can be
added. The children can use a camera or phone to film their play. Next, they use a simple
video editor, to enrich their story with text, visual and sound effects, or adjust volume
and brightness. Ultimately, the video is sent to the diorama platform and shared on the
school website.
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6 Conclusion and Future Work

The Diorama Project is a series of seven transdisciplinary workshops in which children
learn the basics of coding electronics, practise teamwork skills and spatial thinking. Four
workshops with nearly 40 children, led to a project that not only supports STEAM
disciplines, but many 21st Century skills.

Additionally, it triggers their imagination while they use writing and speaking
competencies in a fun and meaningful way. Gender equality is one of the project’s
strengths, since it starts from storytelling and crafting – activities that both boys and
girls are familiar with. The Diorama Project is open source available for every educator
or maker worldwide. All information for teachers is easily accessible on the Diorama
Github1 page.

While the current version of the project is the result of several workshops with end-
users, including qualitative interviews about pupils’ experience with using the product,
further work could see the testing of skills retention when using the Diorama Project for
teaching STEAM.

Acknowledgements. The authors would like to thank Xi Li and the children who enthusiastically
participated in the development of this project.
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Abstract. Ecologically responsible behaviour and commitment to a sustainable
development should be fostered among citizens. The IMPRINT+ project,
co-funded by Erasmus+ programme of the European Union, intends to promote
an ecological reasoning at an European level, supported by the participation of
local communities and particularly by young people. Based on ICT use (smart-
phones, tablets and websites) and using a gamification strategy, the IMPRINT+
project aims to encourage young citizens to become aware of the global envi-
ronmental impact of their everyday actions and to encourage them to act and
participate in a local context. This paper aims to answer the question of what
requirements, functional and non-functional, are appropriate to an app designed
to engage young citizens, to be aware of their ecological footprint and to con-
tribute, within different levels (individual, familiar, community or even national),
with actions to its compensation. The paper describes the development process of
the app, in terms of its specifications, requirements and system architecture.
Preliminary tests suggest that the options made to develop the app were appro-
priate to promote the engagement of young people within the projects’ goals.

Keywords: Ecological reasoning � Local community � IMPRINT+ mobile app

1 Introduction

Sustainable development has become a global concern in the last decades (e.g. Rio+20
UN Conference on Sustainable Development; Horizon 2020 agenda; UN Decade of
Education for Sustainable Development 2005–2014). Younger European generations
have been raised aware of deforestation, global warming, ecological footprint and the
demand for preserving the planet for future generations. However, in an increasingly
global society, the problem is understood as global and in the need for global solutions.
Efforts have been made by school communities, governmental institutions and NGOs

© Springer International Publishing AG 2018
Ó. Mealha et al. (eds.), Citizen, Territory and Technologies: Smart Learning Contexts and Practices,
Smart Innovation, Systems and Technologies 80, DOI 10.1007/978-3-319-61322-2_18



to promote environmental awareness. Still, European society lacks a broad ecological
culture, or a general commitment for solving the ‘global problem’ through stepwise
local actions. Community-led local development (CLLD) actions are at the root of
Europe 2020 strategy (European Comission 2014a, b), as a tool for the implementation
of the global agenda through the engagement of local actors. However, there is a long
way from project to implementation. In a generalized context of economic recession,
local leaderships must be able to mobilize available resources, such as natural resources
and human capital. Young citizens are one of the strongest changing force in the
society but continue to receive contradicting information. Young generations might be
aware of their footprint but are not aware how to contribute to its compensation, at an
individual, familiar, or community level. They are not truly educated to think and act
locally. Therefore it is fundamental to build a new praxis: (i) based on the scientific,
technical and empirical knowledge of the territory and its natural and cultural
resources; (ii) able to engage the community, and especially young citizens, in the
ecological, social and economic enhancement of these resources (Matos et al. 2015).

The goal of IMPRINT+ project is the transnational promotion of an ecological
reasoning based on the changing power of local community and on the participation
and entrepreneurship of young European citizens. On the one hand, IMPRINT+ aims to
build up a strategy for stressing the concept “I have a print” that can be easily com-
pensated, among young school age citizens. The strategy is to focus primarily on the
local level of this impact, which is the level where they will be more able to reflect and
intervene. Therefore, the logic of compensation will be thought at a local level and will
focus on the transformation of the footprint into a positive one—“I have a print+”. On
the second hand, the project aims to develop a set of outputs that will help young
citizens to learn how to estimate the footprint of local impacts and to compensate,
locally, for those impacts. The project intends to: (a) produce tutorials and train
schoolteachers and local administration technicians on how to approach this concept in
order to explore it with their students; (b) produce Information and Communication
Technologies (ICT) applications (mobile web app and web platform) to stimulate and
support the participation of young citizens. Their engagement is reinforced through the
design and implementation of a gamification philosophy. Young citizens could then
become a major force of imprinting in society. For that, students should be able to
count on the support of their schools and local leaderships. This project targets society
as a whole. IMPRINT+ is targeted to younger people (12 to 14 years old – third cycle
of primary education; 15 to 18 years old – secondary education), mostly because they
are more permeable to new concepts and more familiarized and eager to deal with ICT.
On the one hand, they have a greater power for individual action than younger students,
who can be more permeable to new concepts, but more dependent on adults for action.
On the other hand, they are in a stage where, soon, they will choose their future
educational and professional paths. This project can help them decide based on sound
knowledge and hands-on experience. The logic of IMPRINT+ is one of local,
community-based, intervention for compensating locally caused impacts, but aiming at
produce global effects (Matos et al. 2015).

This paper presents a report of an ongoing research project, describing the speci-
fication of the integrated mobile web app and web platform associated to IMPRINT+
project (https://imprintplus.org). The next sections are organized as follows: a brief
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presentation of the state of the art in terms of ICT use to nature conservation and to
environmental compensation. Then, a description of the process of the identification of
requirements that led to the specification of the ICT solutions of IMPRINT+. We
conclude with the presentation of the preliminary results of the field trial.

2 ICT and Nature Conservation/Ecological Compensation

The use of digital technology has been causing major changes in nature conservation.
Nature conservation organizations are increasingly using new digital technologies to
help achieve their goals (Galán-Díaz et al. 2015; Arts et al. 2015). The adoption of new
digital technologies by nature conservation organizations encourages a wide range of
changes, for example, in the transmission and processing of data, public involvement,
as well as increased digital literacy (Galán-Díaz et al. 2015). To enhance the better
assessment and use of these technologies, collaborative initiatives with universities
have also been increasing (Galán-Díaz et al. 2015). The collaborative work between
institutions enhance opportunities for change in the use of these technologies and
generate benefits for organizations and individuals, such as: the possibility of creating
new forms of interaction with the public, optimizing work processes, financial benefits
and ability to influence policies based on the digital training of institutions. Despite the
advantages of using digital technologies, it can also have negative impacts, such as:
changing the way people interact with nature, empower the exclusion of certain groups
that do not dominate technologies and the difficulty of user involvement, due to the
digital barrier (Galán-Díaz et al. 2015).

The use of ICT simplified and facilitated the processes of data transmission and its
monitoring or processing. As well as allow for the storage of ever increasing data. It
also enabled the emergence of new forms of data collection, for example, through the
participation of users, for example via social networks, as well as automatically through
software methodologically searching the World Wide Web. The use of mobile devices
enables data collection to take place contiguously and in real time, which provides
more effective conservation of nature (Arts et al. 2015). Technological evolution, both
in terms of the peripherals and functionalities that mobile devices have, for example,
camera, GPS, and the appearance of other technologies, such as ibeacons, drones in the
IoT domain, allow for new strategies for monitoring and preserving the environment
(e.g. the control of illegal logging, poaching, environmental pollution) (Miorandi et al.
2012; Arts et al. 2015). However, as noticed by Arts, van der Wal and Adams (2015),
the potential of digital technology to collect and store data presents some problems and
raises some questions (Arts et al. 2015).

As a result of the occupation of natural areas, for example, there has been an
increased interest in the environmental issues, such as fragmentation and loss of natural
resources and in planning methods (Rundcrantz and Skärbäck 2003). Measures to
counterbalance the human impact on the environment have often been discussed
worldwide, and compensation actions have already been carried out in a systematic
way since the beginning of the 20th century.

Concerning ICT use in environmental compensation, locally-based environmental
compensation measures are in the heart of other recent projects such as the LIFE+
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project “BRIGHT”, coordinated by University of Aveiro together with Foundation
Mata do Bussaco and Mealhada Municipality; or the project “Futuro – O projecto das
100 mil árvores”, coordinated by Catholic University of Oporto and the Administration
of the Metropolitan region of Oporto. This reasoning is also at the base of projects like
“Limpar Portugal”, “Floresta Comum” or “Floresta Unida”, promoted by nongovern-
mental organizations. All these projects involve community (some, specifically, school
community) and promote the intervention of local communities in the restoration of
habitats and compensation of environmental impacts (Matos et al. 2015).

3 Imprint+ Web App

IMPRINT+ aims to take a step forward, namely, by involving schools and local
administration in disseminating and providing technical support to this project, but the
aim is to provide enough tools so that young citizens would be able to think, innovate
and act on their own, individually or in group, involving their families or at the
community level. Sections 3.1 and 3.2 report IMPRINT+ strategy to solve some
important projects outputs: (i) development of a mobile web application (web app) for
estimating ecological footprint and suggest compensation measures and (ii) develop-
ment of a web platform (website) with associated database and mapping features.

3.1 Specification, Non-functional and Functional Requirements

As a part of the adopted user-centred development strategy, in order to better achieve
the desired outputs, the team modelled the user-requirements based on the
target-audience personas and the expected context of use (Lowdermilk 2013). Data
needs, product or service qualities, experience attributes and constraints (Sharp et al.
2007; Goodwin 2009) were also taken into account. This information was then used to
design the systems’ non-functional (NFR) and functional requirements (FR) (Robert-
son and Robertson 2012). The list contains 17 IMPRINT+ NFR, organized into 8
standard categories (Robertson and Robertson 2012) presented in Table 1. The FR
were divided into 18 website requirements and 11 mobile app requirements, organized
into the platforms’ structural areas and components (Table 2).

The most relevant NFR to highlight were the (1) Look & feel and (2) Usability.
Besides security (also a mandatory requirement), the usability is a crucial requirement.
Using a subset of usability guidelines for mobile websites and applications (Shitkova
et al. 2015), the development team strived for a consistent and usable experience by
customizing and optimizing all the graphics and custom illustrations, copy-editing all
the texts and ensuring that all the navigation paths were simplified to the bare essen-
tials. The development was done using an agile approach evolving from early digital
mockups to test the design, structure and flow (Fig. 1). And develop the second and
final interactive digital version (Fig. 2).

While some features, such as modes to support user interaction (communication &
feedback) were expectable when designing a social platform (Preece and
Maloney-Krichmar 2005; Crumlish and Malone 2009), others were custom designed
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and developed for the IMPRINT+ web platform. Two are worth noting: (i) the FR12 –

an interactive map to search and to create ecological initiatives (interventions or
compensations); and (ii) the mobile app FR28 – compensation converter.

The FR12 map uses the Google Maps API, leveraging the target audience famil-
iarity with this solution, and customizes the experience of searching and placing cus-
tom flag-like markers of activities. Features such as search by type, and date range
filters were implemented in addition to the location.

The FR28 compensation converter is a custom developed solution, that not only
calculates the carbon “negative” footprint, but provides a set of “positive” alternatives
to compensate the user environmental impact (Fig. 2). These measures range from
simpler to more complex ones, and are presented in a contextual flow according to the
user input.

Not unique, but still worth noting, is the gamification component. According to the
FR13, any user activity on the app will result in earning points, ranking users on the
leader boards (FR14). Users can compare and compete in a healthy way, to increase
local and international scores. At the same time promoting the use of the app. Gami-
fication enhanced the previous “services with (motivational) affordances in order to
invoke gameful experiences and further behavioral outcomes” (Hamari et al. 2014).
This not only exposes users to more information by promoting a longer use, but also
helps to promote social interaction and a sense of community “by increasing customer
value and encouraging value-creating behaviors such as increased consumption, greater
loyalty, engagement, or product advocacy” (Hofacker et al. 2016). As the project
stipulated, the youngsters have the potential to promote the ecological reasoning on
their family and friends circle, in a natural organic social interaction.

Table 1. IMPRINT+ non-functional requirements

# NFR (website and mobile app) Categories

1. Cross platform Look & feel
2. Responsive
3. English (native language) Cultural
4. Easy to new and experienced users Usability and humanity
5. Content first. Priority requirements first
6. Standard affordances
7. Clear navigation
8. Consistency between web and mobile interface
9. 1” or less response time Performance
10. Universal login
11. User management
12. Teenagers’ target device (low to mid-end devices)
13. Secure data and connections Security
14. Latest web standards
15. SEO Operational and environment
16. Exterior use context
17. Single hand interaction
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Table 2. IMPRINT+ functional requirements (website and mobile app)

# FR (website) Categories

1. General project institutional information Content
2. Institutional information about local and

international partners
3. News
4. Documentation
5. Browse and search initiatives (interactive,

contextual and searchable map)
6. Newsletters
7. External links
8. Free search
9. Integrated CMS (front and back-office, with user

and content management)
Management

10. Asynchronous communication mode (registered
users)

Social interaction requirements

11. Ecological carbon footprint calculator (all users) Specific IMPRINT+
requirements & solutions12. Interactive initiatives map (online geographic map)

13. Score ranking (registered users) Gamification components
14. Interactive leader boards
15. Score sharing
16. Visit data Analytics
17. User actions
18. Input source (website or app)
FR (mobile web app)
19. General Project institutional information and links

to the website
Content

20. Intervention areas contextualized information
21. Browse and search initiatives (interactive,

contextual, searchable map)
22. Information area (Info, About, FAQ, etc.)
23. Browse and search initiatives (interactive,

contextual, searchable map)
24. User login/registration Management
25. Capture tool (photographic registration and text

descriptors)
26. Ecological intervention tool
27. Carbon print calculator mode Specific IMPRINT+ Project

requirements28. Contextual compensation calculator mode
29. On-line and off-line syncing of data Mobile web app specific

requirements
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The requirements were specified according to the priority of development and type
user. This allowed to maintain the focus on the unique areas of the project and,
eventually, shaped the unique information architecture structure.

3.2 Information Architecture Structure

Due to the overall constraints and benefits, when evaluating a development approach
(Charland and Leroux 2011), the team decided early to adopt an integrated rich web
app in favour of a native or even cross-platform application (Heitkötter et al. 2013;
Xanthopoulos and Xinogalos 2013). This allowed for a more efficient implementation
of both the web and mobile interfaces. The mobile browser allows for all the
requirements to be fulfilled, ensuring the context and conventions are consistent with
users’ expectations. Because “[t]he Web technology stack has not achieved the level of
performance we can attain with native code” (Charland and Leroux 2011), performance
is the only aspect that was considered to be on a compromise: the application is

Fig. 1. Early digital mockup depicting the user flow through the mobile web app (detail)

Fig. 2. Interactive version. Converter action example sequence
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dependant of the mobile browser performance, cache and connectivity. Although some
precautions were taken into consideration (e.g. keeping offline data), there are still
some issues that would be more transparent by adopting native development. Never-
theless, as mobile platforms and browsers become better performant, the web and
mobile apps will respond better. Although there is no guarantee, this future proof
design is a result of adopting only web standard solutions, avoiding having to
recompile the app.

The whole system information architecture is within the concept of the web plat-
form (Fig. 3).

This is then organized into the two main entry points: (i) the mobile web app;
(ii) the website. This allows for a more natural discovery of the project, through the
unique features and information the project has to offer. And, in return, we expect for
the user to register in a more natural interaction flow and maintain its interest in the
project on the long term.

The next section concludes with the findings and discussion of IMPRINT+ web app
by presenting the preliminary web app tests and concludes with its main contributions.

4 Findings and Discussion

The web app was first tested on a field trial that occurred in the end of 2016, in
Lousada, Portugal. In this field trial, 61 students from three different European coun-
tries, with ages from 14 to 17 years old, used the app in a real context. The app was also
tested by a group of 25 of the students’ teachers. This test mainly identified perfor-
mance issues in the app (e.g. account synchronization issues and real time geolocal-
ization optimization data). As mentioned before, these were predicted during the
development, and will, in time, be minimized as connectivity and device performance
grow.

A written system usability questionnaire was also employed in a sample of the
participants. Preliminary analysis of the results expressed in the users’ answers shows
that the app fulfilled its objective by demonstrating a high potential to be used on a
daily basis by the target audience, promoting the lifelong ecological reasoning, as its
use can enhance the education obtained during the training courses.

Fig. 3. System information architecture
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As a final note, we would like to conclude by highlight that the web app actively
promotes a positive relation between its target adolescent users and the environment.
This opportunity to engage this audience is new and unique, as there are no other
ecological reasoning mobile applications in this area. And none that specifically
implements the compensation and gamification features described.

At the present moment, the IMPRINT+ web app is in use by the target audience
users, in informal and formal contexts (such as the training courses promoted by the
project partners schools’). Some minor technical problems are being reported and
solved. The implementation and evaluation studies will be further explored and pre-
sented in future publications about IMPRINT+.
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Abstract. Although movement is essential in location-based games to get from
one point of interest to the next, it is seldom taken into account for the game design
and the selection of locations. Instead, player movement is usually analyzed after
the fact, i.e. when the game is ready to play. In this paper we compare this post-
hoc movement analysis with an approach that utilizes the methods for movement
analysis to inform the game design itself. We show that both approaches have
their merits and solve different tasks, but that there is a benefit of taking movement
more serious in designing location-based educational games.

Keywords: Movement analysis · Educational games · Location-based games

1 Introduction

Although movement is one of the major aspects of location-based games, it seldom plays
a central role in the development of these games (Paelke et al. 2008) but is often analyzed
post-hoc to validate that players reached all game objectives. This contrasts with recent
findings that show that game designers would be very interested in incorporating notions
of space, direction and movement into location-based games (Brundell et al. 2016).
Instead, design and implementation is concentrating on points of interest, which either
have a distinguished salience in relation to the aim of the game (e.g. in treasure hunt
type games), or are distributed in the environment based on game mechanics (e.g. in tag
or capture the flag type games). In the latter case, the real location does not contribute
any meaning to the game, making the movement itself the central aspect of the game.

Reid (2008) defines three characteristics of location-based games: (i) size and dura‐
tion of the game; (ii) infrastructure that is available; (iii) the role that a specific place
has in relation to the game. Arguing that the movement is an essential part of a location-
based game, we add two more characteristics to this list: (iv) the role movement has in
the game; (v) the role the path plays in the game.

Current work has started to look at this role of the path between points of interest
and shows for instance how it can become a crucial part of the experience (e.g. Nadarajah
et al. 2017). Here, we go a step further and investigate how the game design itself can
be informed by an a-priori movement analysis. We compare this approach to a standard
Post-hoc analysis that is common in location-based games and show the benefits of both
approaches.
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2 Related Work

Reviewing the literature about location-based (educational) games, it becomes clear that
the choice of points of interest in a game is seldom taking the movement between
different location into account as an integral part of the experience. Basically, the
following features seem to guide the choice of locations: (1) visual salience (e.g. land‐
marks); (2) coincidence between game and real world (e.g. game-relevant artifact at a
heritage site); (3) technical infrastructure (e.g. cell tower); (4) distribution (e.g. evenly
distributed across the playing area); (5) random choice.

1. Visual Salience: An approach utilizing visual salience is presented by Lai et al.
(2013), where teachers created content for a mobile educational game and could
select scenic spots from a map to turn them into points of interest in the game.
Another example is given by Rehm et al. (2015) with a mobile game for situated
Geometry learning that makes use of landmark buildings near a school to discover
and learn about Geometric shapes.

2. Coincidence: Reid (2008) stresses the importance a given place can have in a game
and argues that location-based game design should aim for increasing “coincidence”
between the real and the game world. She distinguishes between natural coincidence
(a natural event (accidentally) happens that is related to the game play), social coin‐
cidence (encountering another player involved in the game), and feigned coincidence
(deliberate use of props from the physical environment). A similar approach is
presented by Kim et al. (2015), where the content authoring includes choosing
specific artifacts at a historic sight to become points of interest in the game. Another
example is given by Baillie and colleagues (2010), who aim at increasing coinci‐
dence between game and real world by choosing locations according to game activ‐
ities, e.g. the university’s health center for recovering.

3. Infrastructure: A different approach is presented by Broll and Benford (2005), where
players can collect resources at specific locations and trade them for products at other
locations. Resource and trading locations are physically bound to cell towers. Thus,
the possible play grounds as well as the possible movements are determined by the
physical layout of the mobile infrastructure.

4. Distribution: An interesting twist is presented by Jordan et al. (2013). In the Easter
egg hunt game, children must find virtual eggs in a public park. Eggs are distributed
evenly across the playing field with some random variation to ensure that the actual
location is not predictable. The analysis of player movements is then used to auto‐
matically identify landmarks on the playing field.

5. Random Choice: Lund et al. (2010) describe a game architecture, that allows users
to design location-based game events for a kind of treasure hunt game including
choosing locations for these game events. No principled approach for guiding the
user in this task is available resulting in randomly selected locations.

Many studies do not even report the rationale behind the choice of location, although
this is a fundamental aspect of the design of a location-based game. Schadenbauer
(2009) for instance reports on the design of a mobile treasure hunt in relation to a historic
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site (defining the area of interaction) but does not discuss, which locations and to which
end are incorporated into the game.

Instead of being an integral part of the game design process, the players’ movement
or potential paths in the real world are usually analyzed post-factum to get an impression
over spatial activity in the game, e.g. for distinguishing different player types. Most
frequent methods for visualization and analysis of player movement are e.g. heat maps,
paths or traversal patterns, allowing for post-hoc analysis of spatial navigation (Reid
et al. 2011). These methods usually concentrate on individual players or summarize all
movements but lack details about player interactions. Geo-sociograms (Herkenrath et al.
2014) tackle this challenge by displaying distance between players over time to visualize
the potential of social interaction during the game.

In the following we are comparing this “classical” approach of post-hoc movement
analysis with an approach that aims at identifying movement patterns a-priori to inform
the game design.

3 Post-Hoc Movement Analysis: GoPlayDot

3.1 Introduction to GoPlayDot

GoPlayDOT is a game of tag developed for smartphones by GoPlayDot IVS1. Users are
physically located in the same area such as a public park. The users play in two or three
teams, and they are distributed to the different teams before the game starts. The smart‐
phone works as a map, in which a user can navigate in a world of dots. A static dot is a
base that is fixed to a specific geographical location, while a moving dot accounts for
the position of another user. Each team is represented by different colors to distinguish
team members from opponents. The goal is to score the highest amount of points as an
individual and as a team before a timer reaches zero. A user gains points by tagging
opponent users and bases, which is performed with a single tap on the touch screen. The
tagging interaction is rewarded with 1 point for tagging an opponent user and 2 points
for a base. A user can only tag a base while being inside it, whereas he can be up to 10 m
away from an opponent to perform a successful tag. All bases are unconquered at the
start of the game, and a base is scorable as long as it is unconquered or owned by the
opponent team. A base can change ownership multiple times during a game, and thus,
users can return to a base to collect points. After a user is tagged by an opponent, a user
becomes unable to score points, meaning he is dead. To revive, the user must tag a base
owned by his team or one of the neutral bases, called a DOThome, which works as a
sanctuary in the game and cannot be scored. The playgrounds that the users move within
can be over 4000 m2, and therefore, the users have big distances to cover. Danish schools
use the game for physical exercises in recess or in gym classes. In other words, the game
encourages physical movement to some users, and it was therefore analyzed how the
user movement was expressed through the game play and tactics of its users.

1 http://goplaydot.com.
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3.2 Movement Analysis

Method(s). The analysis of GoPlayDOT investigated possible relationships between
the score and the user movement in the mobile game. A predicted result was that the
users move according to tactics of tagging bases and/or opponents. Like a previous study
in competitive games (Pobiedina et al. 2013), the analysis conducted a correlation study
to investigate relationships between the observed game metrics, user movement, and
user score. The data was obtained from many variables, and therefore, a principal
component analysis (PCA) was applied for dimension reduction, meaning that the
observed variables were reduced into a smaller number of principal components.

Results. The data from 10 games with 113 participants in total was collected. The data
set only included players who started the game alive or at some point became alive in
the game. Hence, players were ignored when they joined the game but never actively
participated in the game. Each game had a total game duration of 15 min (corresponding
to 900 s). The game duration between participants varied from 402 to 900 s (M: 864.65,
SD: 86.49). Data with frequencies below 900 samples are weighted less in the data
analysis.

The data is collected for each smartphone joining a game. A data mining tool
collected data about the user position, user identification, base positions, and game
events. The user positions were collected via the GPS of a user’s smartphone, assuming
that the smartphone position was equal to the user position. GPS coordinates (latitude
and longitude) were collected each millisecond for each smartphone. Each user was
differentiated by a unique user id and a team label, indicating to which of the three teams
they belonged. Each base was differentiated by their latitude and longitude coordinates.
The event metrics were logged when a user pressed the screen, captured a base or an
opponent, and received points.

From the dataset, ten features were chosen based on environmental conditions and
player interactions:

1. Opponents: The number of opponents that a participant has.
2. Team size: The number of participants on the team that the user belongs to.
3. Playground shape: The ratio between the width and the height of a playground

calculated in meters.
4. Bases: The number of bases on a playground.
5. Visited bases: The number of different bases that the user has entered.
6. Base tags: The number of times that a user tags a base.
7. Opponent tags: The number of times that a user tags an opponent.
8. Group: A grouping of two types of user movement.
9. Base distance: The distance between a user and the base closest to him in meters.

10. Opponent distance: The distance between a user and the opponent closest to him
in meters.

The first four features were calculated within a team in a game, and these described
some preconditions of the game, such as the distribution of the teams and the size of a
playground. There are no limits to the number of participants in a team, and the size of
a playground is not fixed. Therefore, the distribution of the players and the amount of
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space that they can move in might have an influence on the user interactions in a game.
The last six features described player interactions, and these were calculated for each
user. These features were based on previous studies investigating game outcome (Pobie‐
dina et al. 2013), distance between players (Drachen et al. 2014), and path styles
(Sookhanaphibarn and Thawonmas 2009). The features of the game outcome included
the number of times a player tags bases and opponents during a game, as the user score
was an aggregation of these two game metrics. User movement was measured by calcu‐
lating the distance to the nearest base and opponent from each user. In other words, these
two features indicated how close the user is to scoring a point. The last two features
described how a player used the space of a playground, and if that could be categorized
as different path styles. In analyzing the user trajectories, two path styles were found.
The first group was characterized as moving back and forth between bases and repeating
their movement. They often moved back to a previous base and stayed within the same
area. This movement was similar to a role called guards by Chittaro and Ieronutti (2004).
The second group was characterized as moving to new bases rather than the previous
ones. Consequently, they moved more and followed the bases in a line or in a circle.
This movement was similar to a role called patrols in by Chittaro and Ieronutti (2004).
Figure 1 shows examples for these movement patterns from three different playing fields.

Fig. 1. Movement patterns for guards (above) and patrols (below) on three different playing
fields (left, middle, right).

The ten features computed an adequate Kaiser-Meyer-Olkin value (KMO = 0.5)
according to Field (2000), meaning that the data is likely to factor efficiently. From the
PCA a few principal components were retained for further analysis. Based on the Kaiser
rule, the components with eigenvalues greater than 1.0 can be retained (Field 2000). For
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this data set, three components were retained, which account for 61.13 percentage of
the variance in the data set.

The component loadings showed that the first principal component was correlated
to visited bases, base tags, group, opponent distance, base distance, and opponent tags.
The last feature had a negative correlation to the component. These six features described
how a user score points and moves according to opponents and bases, and therefore, this
component was named Tactics. The loadings for this component can be interpreted by
looking at the two different groupings of users, where the patrols account for the positive
correlation in the component, and the guards account for the negative one. The second
component was correlated to playground shape, team size, bases, and opponents. These
features described the environmental characteristics, and the values for each feature were
the same within a team. This component was named Game Conditions, as the features
described some pre-conditions of a game rather than the actual user movement and
performance during a game. The third component was positively correlated to visited
bases and bases, while it was negatively correlated with base distance, playground shape,
and team size. The interpretation of this component can be when there are many bases
on a playground: a user visited more bases, and a user was naturally closer to a base.
Furthermore, a user’s distance to a base was reduced for some playgrounds, and when
there were few members in a group. Ultimately, this component was named Interaction
With Bases, where the interaction refers to base distance and visited bases.

The most interesting result was the correlations between the first component and the
features. It suggested that the patrols visited and tagged more bases, and oppositely, the
guards tagged more opponents instead of visiting and tagging bases. Furthermore, the
guards were closer to a base and an opponent during a game, in comparison to the patrols.
Naturally, when the guards were averagely closer to an opponent, they had the chance
to tag one more frequently. Furthermore, they might have stayed near a base for a longer
period, in comparison to patrols, as they were averagely closer to a base and visited
fewer bases.

The data set contained a sample of the existing users of GoPlayDOT, and therefore,
there might be additional tactics applied by other users of the mobile game. Additionally,
the last component suggested additional tactics or movement interactions, since it was
unlike the patrol and the guard tactics. The component also suggested that there might be
combinations of the patrol and the guard tactics. An explanation can be that the users had
the freedom to move everywhere on the playground, and therefore, they also had the
freedom to create individual tactics or change tactics during the game. Thus, a user’s
movement was unique and included randomness. It was therefore a difficult task to iden‐
tify the movement interactions of an entire game. For future work, it could be interesting
to analyses at what event or time in the game, a user applied one tactic and when he
changed tactics. This could perhaps also reveal why the user moved in a specific pattern.

3.3 Features of Post-Hoc Analysis

We have presented a “classical” movement analysis for a mobile game. Points of interest
in the game are based on distribution across the area to facilitate movement between
locations. The real-world features of locations have no effect on the game play. The
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analysis focused on movement patterns in the area, making use of path visualization. A
result is the identification of two distinct game tactics, which are then linked to game
play features through principal component analysis.

These (descriptive) results allow for generating specific hypotheses concerning e.g.
the game play, placement of locations, or motivational factors for different player types.
Thus, such a post-hoc analysis can inform more concrete experimental studies as well
as the further development of the game. Because one aim of the game is to encourage
movement for school children, a reasonable modification could be to discourage the
guard tactics and encourage tactics that lead to more exploration.

4 A-Priori Movement Analysis: Run&Learn Astronomy

4.1 Introduction to Run&Learn Astronomy

The project develops an experiential educational game about the solar system that
features space travel by actual physical movement between planets. The aim of the study
presented here was to investigate potential movement patterns of fourth graders (10–11
years of age) when they play such a game. The analysis of these movement patterns will
feed back into the game design, which will be done by the pupils themselves. For this
study, a prototype was developed as a tool to evaluate the influence of different spatial
setups for the planets. The prototype was used on the sports field of the school, where
participants had the task to find and visit five planets in limited amount of time (see
Fig. 2). On reaching a planet, they had the possibility for a short interaction revealing
some information about the planet.

Fig. 2. Linear (left) and scattered (right) test setup. The blue marker highlights the starting position
of participants and the red markers highlight the position of planets. S - Start, 1 - Sun, 2 - Mercury,
3 - Venus, 4 - Earth, 5 - Mars.
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4.2 Movement Analysis

Method(s). By drawing in experience from related work, various movement pattern
visualization methods were utilized: Trajectory, vector, network and flow maps based
on an account by Orellana et al. (2009); heat maps based on account by Drachen and
Canossa (2009); and space-time cubes based on an analysis by Orellana et al. (2012).
These methods defined some of the independent variables that had to be logged during
the evaluation scenario like GPS coordinates and time stamps.

The project was carried out in collaboration with a local school, where three fourth
grade classes participated. Thus, the test was run with 60 pupils of age 10 to 11. Their
task was to find 5 planets placed in the designated area using the prototype application.

The test ended when they had either found and interacted with the five planets, or if
a time limit of 15 min was reached. Each participant had an individual tablet, and at each
time, four participants where exploring the playing field, starting with an offset of
approximately 30 s. The test had two different spatial setups, a scattered version where
the planets were scattered around the sports field, and a linear version where the planets
were placed along a line. The starting position of the participants with the positions of
the celestial bodies can be seen in Fig. 2 (left) for the linear and in Fig. 2 (right) for the
scattered spatial setups.

To analyze how the spatial setups affected the movement of participants, the
following visualization methods were used: trajectory plots, heat maps, and space time
cubes. In addition, the distance participants travelled, the time to complete the task, and
the number of planets the participant interacted with was calculated.

Results. The type of statistical analysis performed on the data is descriptive, revealing
the different movement patterns that are associated with the variation in the spatial
layout. By analyzing the trajectories, heat maps and space-time cubes the following
results were reached. The trajectories indicate that the linear setup generates less but
more radical turns and the pupils generally had an easier time staying on the linear route,
with a small deviation between the different paths that the participants took. The scat‐
tered setup generated a lot of tight turns, with fewer sections where participants walked
straight and hence, produced more complicated patterns. The scattered setup also gener‐
ated more unique paths and routes between the participants. Examples of the trajectories
from the linear and scattered setup can be seen in Fig. 3. The heat map shows a lot of
presence along the linear route for the linear setup (Fig. 4, left) and in general, both
setups show strong heat signatures at the proximity of the planets. The heat map for the
scattered setup also shows heat signatures where participants lost their way and generally
shows presence in a larger area of the sports field (Fig. 4, right). The space-time cubes
were used to represent the order in which participants visited different planets. They also
show when and where a participant would spend a certain amount of time at a certain
position (Fig. 5).
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Fig. 3. Example trajectories for linear (left) and scattered (right) spatial setup. The bottom red
dot indicates the start, the upper red dot indicates the end of the trajectory.

By using the logged times, coordinates and interaction with planets, the following
results were calculated. The participants using the scattered setup travelled a longer
distance. However, the participants using the linear setup spent less time finding the
planets and found more planets overall.

Fig. 4. Example heat maps for linear (left) and scattered (right) spatial setup. The warmer the
colour the more time the participant spent in the position (measured in number of location samples
taken).
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Fig. 5. Example of space-time cube for linear (left) and scattered (right) setup. The space-time
cube adds the time dimension to the trajectory information.

4.3 Features of A-Priori Analysis

In this section, we presented a study that aimed at utilizing the analysis of movement
dynamics to inform an important aspect of the design of a location-based game, i.e.
which locations to select for interactions. Whereas this question is easily answered for
specific types of games, usually games that aim at conveying information about specific
locations (e.g. Nadarajah et al. 2017), it is not trivial for games where the coincidence
between game and real world is not a 1:1 relation. This is the case for the Astronomy
game that is under development here and thus, it was necessary to find a robust way for
deciding how and where to place points of interest in the game area.

Although the scattered spatial layout is more realistic in depicting the relative posi‐
tion of planets towards each other and furthers more exploration, results show that it
might hinder reaching the learning goals set by the curriculum like gaining knowledge
about the distances between planets and information about the planets themselves. This
is easier achieved with the movement that is induced by the linear layout, which makes
comparison of the distance between planets easier and guarantees that players will
actually find planets to gain information about them.

5 Conclusion

To conclude, we have shown the merits of post-hoc and a-priori analysis of movement
patterns of players in location-based games. While post-hoc tests allow for analyzing
spatial behavior in depth based on a given game design, a-priori analysis feeds directly
into the game design itself and presents a tool for creating meaningful points of interests
and paths between these locations.

Acknowledgments. We would like to thank the pupils and teachers at Sofiendalskole in Aalborg
for their kind cooperation in the Run&Learn project.
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Abstract. To increase digital fluency in adult population, efforts have included
offering e-learning initiatives and MOOCs, and more efforts should be undertaken
in order to facilitate MOOC implementation and to widen MOOC participation.
Along this line, this paper presents the first findings toward the automated assess‐
ment of bash scripting exercises, to be offered in a MOOC focused on this topic.
By using exercise solutions submitted by participants during a past edition of such
a MOOC, we implemented bash scripts able to semi-automatically assess student
submissions. Tests on three different exercises showed a decrease of 50%, w.r.t.
actual manual assessment time, measured while the MOOC was delivered.

1 Introduction

The importance of a good level of initial and continuing education among citizens of a
territory has been recognized in literature on smart territories (Giovannella 2015). Such
information is used by governments to lead educational investments to improve in areas
such as digital literacy of adult citizens. To aim at digital fluency, efforts have been
undertaken to support adults’ learning by means of e-learning initiatives and Massive
Open On-line Courses (MOOCs), in parallel with school based initiatives reaching the
younger population. In line with the above considerations, in the past years, our research
group has developed Open Educational Resources (OERs) for high schools, and has
recently offered a MOOC, open to all citizens and welcome by high school teachers,
where digital fluency with Open Source technologies was the main educational goal.
The choice of open source technologies as target for both the OERs, and the MOOC
built upon them, is based on strategic considerations that the authors are sharing, which
have been expressed by various members of the Free Open Source Software (FOSS).

As an example, the use of FOSS in high schools, which are heavily supported by
taxpayer’s money, would, on one hand, save a significant amount of public money, that
today is spent for paying proprietary licenses; on the other hand, it would allow to “open
up” the technology itself (see many educational examples in (FOSS 2017)), this way
moving naturally from digital literacy (how and what) to digital fluency (when and why).
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Using FOSS when teaching digital literacy or digital fluency today has to “fight” against
misconceptions about it being less effective or less user friendly than commercial soft‐
ware. In our region, the long lasting success of the FUSS project (FUSS 2017) at school
has however lowered such barriers, and created the background for a wider participation
in the MOOC itself.

In details, our MOOC, called E3OSMOOC, has been focused on a specific FOSS
technology, bash scripting, with the aim to make all learners aware of what happens
“inside” their computer, beyond the usual GUI, and able to manipulate files and direc‐
tories as bash “objects”, as system administrators would do. A secondary objective to
be achieved with our MOOC is to “teach by examples” good programming principles,
such as checking values of input parameters before using them, which are unfortunately
not stressed enough in many introductory programming courses, and cause so many
bugs in beginner’s code. In particular, a new teaching methodology called eXtreme
Apprenticeship (XA) was integrated into the MOOC. Our experiences with applying
XA to teaching bash scripting, both at University and at High School level, showed an
optimal ratio between teachers and students, so that teachers can manually assess all
exercises done by students. Considering the typical high number of participants to a
MOOC, manual assessment of exercises could represent a problem. In order to widen
future participation on similar MOOCs on bash scripting, we recently developed a
strategy, to semi-automatically assess bash scripting exercises.

The paper is organized as follows. Section 2 presents the state of the art. Section 3
describes the characteristics of the E3OSMOOC. Section 4 describes our first findings
in the automated assessment of bash scripting, which were applied to the data collected
from E3OSMOOC delivery. Section 5 concludes the paper with final considerations and
ideas for future work.

2 State of the Art

The E3OSMOOC is the outcome of six years of application of the XA learning meth‐
odology at the Free University of Bozen-Bolzano. Bash programming activities in
Operating System Lab activities consisted on 52 exercises, to be done in six weeks.
Although the topic is usually considered tedious and difficult by students, XA has proven
useful to encourage students to overcome their difficulties in bash programming (Del
Fatto et al. 2014a, b, 2016a). The first 30 of such exercises became comic strip videos,
by using aesthetics and gamification principles (Del Fatto et al. 2015c), and were first
made available as OERs to high school teachers, then used as support material in the
E3OSMOOC. XA is a comprehensive approach for organizing education in formal
contexts, based on Cognitive Apprenticeship (Collins 2006): a new task is learned by
apprentices, looking at the master performing it, and then repeating it under master´s
guidance. XA has been applied to teaching new cognitive skills, at BSc level, e.g.,
Vihavainen et al. (2011). Results achieved so far are impressive: reduction of dropout
rates, higher grades, and higher retention of learned topics. In Vihavainen et al. (2011)
this is ascribed to XA increasing learning performances of average and below average
students, who would otherwise fail in traditionally taught courses. Italian school teachers
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experienced with the XA methodology on various science related topics (Del Fatto et al.
2015a, b).

Although there is work (Douce et al. 2005; Ihantola et al. 2010; Pieterse 2013; Spacco
et al. 2006) about automated assessment of exercises, as well as quiz-like games in
adaptive learning systems, e.g. Di Mascio et al. (2012), we found only one experience
on automated assessment of XA exercises. Pärtel et al. (2013) proposed the Test My
Code (TMC) system that supports the instructor to manage XA exercises and their
assessment, which was successfully used in MOOCs on programming, and in university
courses. Note that TMC manages type safe high-level programming languages, such as
Java, and in our case, features of the bash interpreter prevented us from using TMC.

3 E3OSMOOC

This Section describes the main characteristics of E3OSMOOC, the source of data we
used to apply semi-automated assessment of exercises. In particular, it highlights in
Sect. 3.1 how it was organized, in Sect. 3.2 how its learning material was conceived,
and in Sect. 3.3 which gamification elements were introduced to motivate MOOC
participation, where gamification is intended as the choice of game design elements to
engage different users, as in Gennari et al. (2017). E3OSMOOC was delivered from
March 1, 2016 to April 30, 2016 (Del Fatto et al. 2016b).

3.1 MOOC Organization

E3OSMOOC followed XA principles, providing 30 bash programming exercises, which
required learners to progressively build their skills. The bash environment is usually
considered more difficult to master, with respect to programming environments used in
teaching other languages, e.g. Java. It however represents a typical BSc course topic at
intermediate level, which is further deepened only by professionals working as system
administrators. E3OSMOOC was implemented on a Moodle platform, and organized
into progressive modules, each one based on a specific learning objective:

1. Being able to use the Command Line Interface in Linux. Ex. 1–7.
2. Being able to create bash scripts as sequences of commands, with variables and

formatted messages. Ex. 8–14.
3. Being able to create scripts with parameters. Ex. 15, 16, 17.
4. Being able to create scripts that collect and filter information from text files, with

the use of pipes and variables. Ex. 18–22.
5. Being able to test script parameters validity, existence of files and directories,

perform regression testing and incremental development of scripts. Ex. 23–30.

Exercises were assessed as passed or not passed, with the possibility to re-submit
the same exercise until pass, as many times as needed. Following the XA approach,
students received a formative assessment as feedback from the course teachers. Failed
exercises always received a short comment concerning mistakes, while feedback for
passed exercises was often an encouragement.
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3.2 MOOC Learning Material

For each exercise, MOOC participants had available: a comic strip video, explaining
step by step how to do it; the video transcript in three languages; and one or more
assignments, to upload exercise solutions. To provide multi modal access to learning
material, video-lessons were designed considering usability principles (Nielsen et al.
1990), and cartoon-like characters made them more eye-catching (Del Fatto et al.
2014c). Each video was realized in a specific language, and its transcripts were always
provided in three languages, in order to avoid de-motivating students who were not
fluent in the language of the video. Text was also enriched with visual information
(different color background) to guide student towards solutions.

3.3 Gamification

In our experience, bash scripting has always been considered complex and tedious by
students. To counter this attitude and increase motivation, the MOOC provided three
different gamification elements. The first element, a progress bar, displays progress in
the educational path, showing completed correct exercises in green, and failed exercises
in red.

The second element, Open Badges, marks the completion of each learning module
by awarding a prize. Each module was turned into a milestone to reach, and awarded
with an Open Badge to show improvement in skills, to counter the perceived difficulty
of solving all 30 exercises before obtaining any recognition.

The third element, a cycling race in stage metaphor, was intended to stimulate a mild
competition among MOOC participants. Each exercise submission represents a stage in
the race, and exercise delivery time is the stage completion time. Having classified
exercises into two different difficulty levels, easy and hard, they correspond in the
cycling metaphor respectively to flat stages or mountain stages. Rankings and Reports
were the last gamification element. Participants saw their respective position, in stages
and in general classification: we noticed that the most active participants actually started
competing against one another towards faster exercise delivery.

4 Toward the Automated Assessment of Bash Scripts

In our experiences in applying XA to bash scripting, both at University and High School
level (Del Fatto et al. 2015a, b), a possible drawback was identified, which is related to
the high number of exercises the teacher has to manually assess. An optimal ratio is
estimated to be about one teacher every ten students (Del Fatto et al. 2015a). In
E3OSMOOC, solutions of the 30 exercises, submitted by 56 participants, were manually
assessed by 5 teachers, for a total of 1500 assessed exercises, over a time period of two
months. Again, the ratio one teacher every ten students had been met. However, to allow
a wider participation in future editions of the MOOC, we needed an automated (or semi-
automated) assessment of bash scripts. We identified a subset of exercises which could
be suited to semi-automated assessment, and we implemented some ‘correction scripts’,
that checked if the submitted exercise solutions were correct, by comparing their outputs
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with given master sample solutions. By using such ‘correction scripts’, the teacher saves
on assessment time of exercises that are automatically marked as correct, and can
concentrate on providing feedback to exercises that are marked as wrong. In the
following we describe tests of the ‘correction scripts’ applied to three MOOC exercise
solutions. In order to avoid timing differences due to different assessment methods
employed by teachers, three exercises were identified, that had been assessed by the
same teacher, namely Exercises 1, 7 and 19. Exercises 1 and 7 were classified in the
MOOC as easy, while Exercise 19 was classified as hard.

Table 1 shows for each identified exercise, the number of solutions submitted by
MOOC participants, the number of correct (T-Correct) and incorrect (T-Incorrect) solu‐
tions identified by the teacher during MOOC delivery, the number of correct (A-Correct)
and incorrect (A-Incorrect) solutions based on the execution of the ‘correction scripts’,
and the percentage of needed manual checks by the teachers after semi-automated
assessment. Note that for Exercises 1 and 19 the ‘correction scripts’ obtained the same
result of the teacher assessment, in terms of numbers of identified correct and incorrect
solutions. For Exercise 7, the ‘correction script’ identified five potentially incorrect
solutions, while the teacher identified only one incorrect solution.

Table 1. Results in terms of teacher assessment and automated assessment.

Exercise Submitted
solutions

T-Correct T-Incorrect A-Correct A-Incorrect Check needed

1 57 56 1 56 1 1.7%
7 44 43 1 39 5 11%

19 41 28 13 28 13 32%

Figure 1 shows (red) actual” teacher’s assessment time (in seconds) of Exercises 1,
7 and 19, computed during MOOC delivery. Blue bars show assessment time computed
in our test, by running the ‘correction scripts’ on those same solutions submitted by
MOOC participants. Note that automated assessment time increases with the number of
incorrect solutions found, that is, when the teacher has to manually correct all solutions
marked as incorrect by the ‘correction script’, to give a specific feedback to each partic‐
ipant. Assessment time takes into account:

• The time, 5 s, to download the solution from the platform, which is constant for all
exercises,

• The time needed to assess the exercise, which depends on the specific exercise for
manual assessment, and is constant for automated assessment,

• The time, 15 s, to record the grade, which is constant for all exercises.

In particular, for Exercise 1 the teacher spent 2352 s (~39 min) for assessing 57
exercise solutions, while a teacher with the ‘correction script’ would have spent 1252 s
(~21 min). For Exercise 7, the teacher spent 3780 s (~63 min) for assessing 44 solutions,
while a teacher with the ‘correction script’ would have spent 1052 s (~18 min). Finally,
for Exercise 19 the teacher spent 5544 s (~92 min) for assessing 41 solutions, while a
teacher with the ‘correction script’ would have spent 2464 s (~41 min). In total, time
that would have been saved in assessing Exercises 1, 7 and 19, was 50% of the time
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spent by the teacher in assessing such exercises during MOOC delivery. However, by
taking into account only the time to execute exercise testing, and not considering the
time to download the solution, and the time to record the grade, better results are scored.
In particular, Table 2 shows that in case of manual assessment, T-testing is predominant,
while in case of automated assessment, A-testing is less than 10% of the total time. These
good results motivated us to continue the investigation in that direction, with a MSc
thesis just completed, dealing with automated bash script assessment. Details on the
‘correction script’ can be found in Gruber (2017).

Table 2. Assessment time for the exercises, divided into download, testing and grading time.

Exercise T-Download T-Testing T-Grade A-Download A-testing A-Grade
1 12% 52% 36% 23% 9% 68%
7 6% 82% 12% 23% 9% 68%

19 4% 89% 7% 23% 9% 68%

5 Conclusion

This paper presented the first findings in semi-automatic assessment of bash scripting
exercises, following the XA learning methodology. Automating assessment of XA
exercises would be important to widen participation in future MOOCs on bash scripting,
without increasing teachers number beyond what would be economically affordable. To
assess the feasibility of semi-automated assessment, we used solutions proposed by
participants during a MOOC delivered in 2016, and implemented some ‘correction
scripts’ which the teacher can use in order to save a significant fraction of assessment
time. Such ‘correction scripts’ can automatically mark exercises as correct, so that the
teacher can concentrate on assessing exercises that are marked as wrong, and give a

Fig. 1. Automated assessment time vs. Teacher assessment time.
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better feedback to help students in understanding their own mistakes. First experiments
on the data collected from our MOOC, by semi-automatically assessing three exercises
out of 30, showed good results in terms of assessment time decrease. In future, we plan
to implement ‘correction scripts’ for all the exercises, devising more general solutions
applicable to different types of exercises, with the final aim to at least halve manual
assessment time during MOOC delivery. Such figures would make it feasible to launch
periodically new E3OSMOOC editions, providing high quality support to beginners, as
per XA methodology.
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Abstract. This research work is carried out in a business-to-business context, in
a Portuguese multinational and proposes the design, development and validation
of an electronic book (ebook) as a business communication tool to promote the
consumption of bread for the children’s audience. This work justifies the need to
fit, based on the literature review on communication tools dedicated to children,
the ebook as a new way of promoting a product and a smart learning. We talk
about digital communication and communication strategies that appear on the
Internet, with a focus on the children’s audience. Nowadays, parents spend less
time with their children, trying to protect them inside the home, where techno‐
logical entertainment takes place. Thus, arise marketing strategies that get
confused with entertainment, as is the case of eatertainment and advergame.
Framed in content marketing, the ebook is a teaching and entertainment tool, by
which the children’s audience is the most interesting target audience. The meth‐
odology used in the present study is development research and the focus group is
the method of data collection. The main results obtained are that the cereals best
known by the group of children studied are wheat and corn. Children like bread
and essentially associate it with sensory experiences (hot, tasty, thick, fluffy,
crispy). Children know and eat more types of wheat bread. They usually eat bread
twice a day and like to eat it at breakfast. Children do not appreciate the baker
profession, so there is an opportunity to promote the baking industry through the
presentation of good reasons to be a baker. Regarding the interactive elements
most appreciated in an ebook, the results show that children prefer games and
quizzes.

Keywords: Digital communication · Children’s audience · Eatertainment · Smart
learning · Electronic book · Bakery

1 Introduction

This research work is framed in digital marketing, which concerns the promotion of
products and brands through the new media. Morais (2011) lists some aspects that
distinguish digital marketing from traditional marketing. In digital marketing, a real-
time responsiveness to customer needs is required. He or she is the one who decides,
being more difficult to influence him or her and strict criteria of segmentation are neces‐
sary. In digital environment, it is possible to know the consumer behavior that marketers
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can evaluate by their digital track. As the Internet is the most connected medium of
digital marketing, companies today need to carry their campaigns to this new media.

The present work is carried out in a business context, through the proposal of a
company which intends to promote the baking sector, using a recent mascot, through a
digital content. The company is framed as business-to-business and we are interested in
creating something that allows it to approach the final consumer. Thus the children’s
audience becomes the most interesting target.

Since the book is an educational tool through which it is possible to reach children
and considering that everything that is digital fascinates them, the ebook can be a moti‐
vating and smart tool for this public. Thus, we chose in this work to design, develop and
validate an ebook to meet the needs of the company. Currently, although there are
already several ebooks, these still do not stand out in the digital environment (Coutinho
and Pestana 2015) and this format has not yet developed all its potentialities, especially
in relation to ebooks for children (Baltar 2016), mainly in Portugal.

The research goals are divided between a general one, which relates to the product
to be created, as well as several specific ones, taking into account the specificity of the
company and its sector. Thus, the design, development and validation of an ebook as a
business communication tool, to promote the consumption of bread to the children’s
audience is the main purpose. In order to achieve this objective, several specific objec‐
tives are addressed, namely: (1) figure out what age group from 7 to 9 years old children
know about bread and what they associate with it; (2) discover which interactive
elements of ebooks facilitate interaction and smart learning; (3) design an ebook that
promotes the brand and the baking industry to the target audience through marketing
strategies for this target; (4) develop an ebook with interactive elements that make the
interaction more fun, while helping to promote the brand; (5) validate the ebook created
with the target audience and identify improvements.

2 Digital Communication

The evolution of technology has accompanied marketing, as both have transformed the
communication strategies of companies with their customers. According to Ryan (2014),
the influence of technology on marketing goes through four phases: (1) the emergence
of a new technology; (2) its positioning in the market; (3) analysis of strategies to attract
the target audience; and (4) the transformation of technology into conventional. The
same author says that, like traditional marketing, the essence of digital marketing is the
link between people, with the aim of stimulating sales. Thus, it is more important to
understand how consumers use a particular technology than to understand the tech‐
nology itself and it is crucial to understand its evolution, especially in relation to
marketing in the technological age. The so-called marketing 2.0 is directed towards the
customer, who becomes more informed and is considered a “consumer 2.0”. This type
of consumer no longer passively accedes to the media content, starts to control it and
has the ability to establish the value of a product according to their own needs. This
consumer change is a challenge for marketers and requires the adoption of new smart
communication strategies in marketing.
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2.1 Strategies

Ryan (2014) argues that the fact that digital media reaches a wider audience than tradi‐
tional media improves communication with a particular niche. Thus, it is necessary to
know the market and the way it uses technology and to plan strategies to use technology
to create a long-term connection with the target audience. The author identifies four
main digital marketing strategies: (1) social media marketing (2); email marketing; (3)
mobile marketing; and (4) content marketing.

Content marketing is a strategy that links marketers and consumers during the period
of research, purchase and evaluation (Ryan 2014) and it is important because it addresses
the customer’s need for information and allows brands to edit content at low cost. There
are various types of content, including blog content, ebooks, infographics, videos and
photos. Figure 1 shows a matrix of content marketing where various types of content
are positioned between different levels of awareness/purchase and emotional/rational,
and content can still have the functions of entertaining and educating.

Fig. 1. Matrix of content marketing (adapted from Chaffey and Bosomworth 2013)

Considering the ebook, we can see that it is between the emotional and the rational
factor and between the function of entertaining and educating, which justifies
approaching the children’s audience as the target audience of this specific content.

2.2 Digital Marketing for the Children’s Audience

According to Buckingham (2006), the concept of childhood is a social construction and
is therefore subjective and changeable over time.

Nowadays, parents spend less time with their children and have greater concern with
their well-being and education. Buckingham (2006) points out that this concern moti‐
vates parents to isolate children from the outside world and protect them within the
home, which is provided with technological entertainment. The same author argues that
the media are responsible for the disappearance of childhood, because it separate adults
and children through the loss of parental authority. Thus, it is believed that the younger
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ones have greater knowledge of the new technologies than the older ones and this gives
them greater authority. In this context, Prensky (2001) distinguishes “digital immi‐
grants” from “digital natives”, pointing out that the first one refers to individuals who
witnessed the emergence of new technologies and the second one to individuals who
were born in the presence of such technologies. However, Prensky (2009) states that in
the near future all humanity will be born in the digital age, so the division of digital
immigrants/digital natives does not make sense and it is more relevant to speak in digital
wisdom. This refers to the wisdom that technologies add to human knowledge and to
the human wisdom necessary for the prudent use of technology. Thus, a “digitally
improved person” emerges, who can be called digital homo sapiens or digital human
(Prensky 2009).

Buckingham (2006) points out that the change of the concept of family, childhood
and the emergence of the consumer society have created a new market where children
are the protagonists. According to Rozanski (2011) and Valkenburg and Cantor (2001)
the child goes through several stages of development as a consumer. In this work, we
are interested in the age group from 7 to 9 years old, which is the school stage, when
the child begins to read and reaches a stage in which is already aware of the power of
the media but is not yet sufficiently awake for marketing and its influence on consump‐
tion. At this stage, the child develops preferences for products and brands and also a
critical spirit in relation to advertising: she begins to consider details, thinks about the
benefits of a product and becomes influential in family consumption decisions.

Taking into account the digital marketing strategies directed to the children’s audi‐
ence, commercial content is easily confused with media content (Fantoni 2014). With
the saturation of advertising in traditional media and the new profile of the digital native,
it is necessary for marketers to obtain information about this new audience, so that they
can interact with them (Cuesta Cambra et al. 2016). This justifies the main strategies of
advertisement: advergame and eatertainment.

2.2.1 Advergame and Eatertainment
The concept of advergame is an agglutination of the words advertising and game and is
a smart marketing strategy that combines the playfulness of the game with the persuasive
intention of marketing. When playing, the player is exposed to advertising content for
longer than traditional advertising through rewards, activating cognitive and empirical
structures with the brand (Oliveira et al. 2016). In fact, Cuesta Cambra et al. (2016)
argue that individuals who enjoy video games tend to remember a brand better than
those who use television as their primary means of communication.

The concept of eatertainment is a junction of the word eat with the word entertain‐
ment and consists of the use of entertainment in consumption, in the food sector. In this
type of marketing strategy, fun is used as a pretext for devaluing nutritional tables.
Sometimes this leads to over-consumption of junk food and fast food (Fantoni 2014).
Younger children are attracted to this type of food when exposed to media advertising.
Elliott (2015) uses the term “promise of fun” to refer to both eatertainment and adver‐
game as strategies adopted by the food industry. The author is in favor of these strategies
as playful moments that can improve eating habits. In fact, the promotion of food based
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on fun, a relatively recent strategy, is more effective than promotion based on nutritional
aspects.

In short, the ebook as a tool of content marketing strategy, with the function of
entertaining and smart learning, can be an effective means of promoting food for chil‐
dren, because they can know certain foods and acquire good eating habits through
entertainment elements.

3 Electronic Book as Digital Communication Tool for Children’s
Audience

Teixeira and Gonçalves (2015) refer that a book is more than an object, which contains
text, images and other elements and is intended for a particular audience. According to
Chartier (1998), the act of reading depends on a text, a reader, its know-how and a
support in which the text is inserted. The electronic book (or ebook) is a book in digital
format, which contains in its name a reference to the printed book, although it may or
may not be a digitized version of the same (Teixeira and Gonçalves 2015).

Coutinho and Pestana (2015) present the advantages of the ebook for both the
publisher and the reader. The ebook stands out as being more economical than the printed
book; as being easier to buy because it does not require the buyer to move to a physical
store; by the considerable saving of physical space relative to the traditional book and
consequent portability, because in a mobile device it is possible to have several ebooks
while it would be more difficult to carry the same number of books in printed format.
The ebook also facilitates tasks such as production, distribution and storage, which
become more affordable and accessible to more people.

The most popular ebook formats are MOBI (mobile diminutive), PDF (Portable
Document Format), ePub (short for electronic publication) and, more recently, Book
App (book in application format). Despite the popularity of MOBI, PDF and ePub are
currently the most widely used. PDF is a format created by Adobe Systems in the year
1993 and stands out for its adaptation to different devices. Some of its advantages are
the possibility of editing documents and creating interactive forms. EPub is an abbre‐
viation for the words electronic publication and was created by the International Digital
Publishing Forum. This format works through XHTML, CSS and XML technologies
(Coutinho and Pestana 2015). The Book App is a book in application format and is
considered a new format for children’s picture book. The term came from iOS apps sold
on Apple’s App Store.

Speaking about mobile devices, the ePub adapts to the screen, while the PDF remains
with predefined dimensions, which makes it difficult to read. However, both formats
have the potential to add functionality to the text, which improves the reading experi‐
ence, making it interactive (Coutinho and Pestana 2015). The book app is designed
exclusively for each Apple device and does not adapt to different devices, unless the
application is redesigned, which requires high production costs (Sargeant 2015).
According to Teixeira and Gonçalves (2015) and Teixeira et al. (2015), the Book App
is the most effective children’s ebook because it has a greater interactive potential than
the other formats (non-linear navigation).
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Children’s books contain essentially image and text, whose reading depends on
certain characteristics and cultural background of the reader (Pinto et al. 2013).
According to Teixeira et al. (2015), the illustrated book is a type of children’s book that,
despite presenting text and image, the latter stands out.

The evolution of the book’s supports and the appearance of the ebook give way to
mobile devices, which stand out for their portability and relative ease of use. These
provide sensory experiences through interactive elements. According to Baltar (2016),
the ebook is not yet widely explored, since there is a mere adaptation of the text to various
formats and different devices, and the potential of illustrated books or interactive books
is ignored. In this sense, Nawotka (2016) says that the Book App was a failed initiative
due to the high cost of developing this type of book. Alternatively, publishers have opted
for web based and cross-platform editions.

Pinto et al. (2013), with the purpose of analyzing several children’s ebooks, divide
them into five categories: (1) ebook with similar functionalities to the printed book; (2)
ebook adapted from a printed book; (3) ebook adapted from an animated film; (4) inter‐
active ebook (linear interaction); (5) interactive ebook (non-linear interaction). Based
on the categories of analysis of children’s ebooks created by these authors, it was
considered the interactive ebook (non-linear interaction) for this research work, because
it presents greater interactive potentialities.

4 Methodologic Process

Considering this research work, whose general goal is the design, development and
validation of an ebook as a business communication tool to promote the consumption
of bread for children, Development Research was considered the most appropriate
methodology. Oliveira (2006) defines three moments of development: (1) analysis and
evaluation of the situation; (2) conception and realization of the model; and (3) imple‐
mentation and evaluation. At the first moment, previous studies can be analyzed in order
to create a conceptual framework. Thus, in addition to the literature review and docu‐
mentary analysis of the company, focus groups and brainstorming sessions are
conducted. The second moment concerns the design and development of the product,
so it is necessary to define the software used in the design, the publishing platform of
ebooks chosen for the development and the elements that make up the ebook. Finally,
in the third moment, the final version of the ebook is evaluated using new focus group
sessions. According to Bryman (2012), the focus group is an interview with several
people (at least four elements) on a specific topic and the person leading the focus group
is called a moderator or facilitator. A focus group session should be recorded and later
transcribed, because it allows the researcher to know who says what and identify poten‐
tial leaders in the conversation.

The ebook is defined to age group from 7 to 9 years old refers to the age range of
primary school, so the age of 7 is the age at which children are expected to be able to
read.

The data collection took place in a primary school in Aveiro. Participants were
selected through a non-probabilistic sampling method (convenience sampling) by

214 L. Cecilio et al.



second, third and fourth year teachers so that two male and two female students from
each year participated in the study.

In the first part of data collection three focus group sessions were held in a study
room, each session with two male and two female students in the second, third and fourth
years, in order to find out what the children in the age group from 7 to 9 years old know
about bread and what they associate with it. As expected, it took some involvement from
the moderator, who needed to encourage students to talk more, in order to get more
information. The script was based on some structured questions, with the help of
pictures, to facilitate the interaction with students. The questions had the following
topics: (1) associations with the word bread; (2) cereals and ingredients used; (3) like
or dislike bread; (4) better known and most consumed types of bread; (5) daily consump‐
tion; (6) contact with the bakery area and the profession of baker. All sessions were
filmed and recorded for later transcription. During the sessions, there were some limi‐
tations: student leaders in contrast to students who barely spoke, which was not always
possible to control; technical problems, which interrupted one of the sessions and as a
result the students became more restless and began to speak at the same time; interrup‐
tions of other people who did not know of the occurrence of the session and entered the
study room while the session was taking place.

In the second part, a brainstorming session was held in another study room, with
only a male and a female student in each year. The goal was to create a story with the
contributions of children. For this session, a creative unlock technique called reversal
(Michalko 2006) was used to stimulate the children’s imagination. For the use of this
technique, sheets of paper were distributed with a table formed by two columns, where
in the first one the children could write or draw what they thought about a real bread and
in the second what they thought about a super bread, a bread with superpowers. They
were then asked to create a text on this subject based on their initial ideas about super
bread. This session was also filmed and recorded, not only to guarantee the occurrence
of the same, but also to record any important interactions for analysis.

The third part was held in a classroom and participated the same number of students
who participated in the first part. The children explored the Plataforma Digital dos
Concelhos de Portugal (http://www.pdcp.pt/). This is a platform developed by CITI
(Centro de Investigação para Tecnologias Interativas), from Universidade Nova de
Lisboa. According to the website, it concerns a “collection of original books written and
edited for primary school students”. The books are composed by text (which can be read
and heard), videos, 3D animations, bookmarks, featured vocabulary, quizzes and other
interactive elements. A small questionnaire was carried out on the interactive elements
that they liked best in one of the ebooks of the platform. As this part required the use of
computers and there were only two computers, the main limitation was that only two
students could answer the questionnaire at a time, which took longer than expected.

Focus groups and brainstorming were analyzed using content analysis. In the focus
group, in order to not identify the students, a code system was created in which the
number 2 was assigned to the second year, the number 3 to the third and the number 4
to the fourth, and to each student was assigned a letter from A to D, according to the
place where they were sitting. The questionnaire was analyzed based on the occurrence
of responses to identify preferred interactive elements.
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5 Design and Development

With the data analysis of the three focus group sessions, and taking into account the
topics of the questions, we reached the following conclusions:

With regard to the associations with the word bread, the students answered that the
bread comes from a bakery; it is something edible; it is tasty and thick; it makes them
remember flour, crumbs, seeds, meat, toast, wheat, dough and also Jesus and joy.
Speaking about cereals, the students generally know wheat and corn and only in the
fourth year they spoke in the rye. In the third and fourth years they recognized the oats
through an image. In general, they know what ingredients are used for making bread.
However, only in the fourth year they spoke about salt. All the students said they like
bread. The main reasons are: to be hot, tasty, fluffy and crispy, to have sticky dough and
to have cereals and be healthy. It is important to note that they also talked about butter.
About the most well-known types of bread, the students based on wheat bread, talking
about whole wheat bread, bijou bread, bread with seeds, bread form, baguette and
grandmother’s bread. Only in the fourth year they mentioned the rye bread, although in
the third year they spoke of dark bread. Although they knew the grandmother’s bread,
only in the third year they associated the image with the name.

In general, they also eat more wheat bread: grandmother’s bread and bread with
seeds. Most students eat bread twice a day and the part of the day they eat the most is
during the afternoon. However, most students prefer to eat bread at breakfast, because
they said that bread tastes better in the morning, because at that time they are hungrier
and because the bread is hot. More than half of the students never entered a bakery, in
the area where the bread is made. However, about half have made bread in other contexts,
either on study visits or at home with family members. The majority showed no interest
in the profession of baker, giving several justifications: they had to stand all day; they
had to do only one thing; they had to wear an apron and a hat and have to touch the
dough, which gets sticky and then they had to wash their hands; they had to wake up
very early and work every day and they could become hungry and be expelled for eating
the bread.

With the combination of ideas resulting from the brainstorming session, a story was
created that we can synthesize as:

“A baker called Luis created a super bread called Henrique, which was a tiger bread unlike any
other. Henry felt bored closed in the Luis bakery and wanted to explore the world. One day he
discovered that beside the bakery there was an abandoned factory that had been occupied by
baguettes and that the factory had been transformed into their kingdom. The baguettes, which
had always been closed in his kingdom, did not know that there were other kinds of bread. Thanks
to Henrique, they learned that the world of bread is diverse. Royal Baguette, queen of all bagu‐
ettes, then gave Henrique a super power: he was going to save breakfast for all the boys and girls
in the world.”

Regarding the questionnaire, we show Fig. 2, which presents the percentage of
answers to the question concerning the interactive elements.
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Fig. 2. Interactive elements

As we can see, 100% of students liked the game followed by 75% who liked quizzes
and slightly more than half liked the flipping pages, vocabulary, videos and bookmarks.

6 Final Considerations and Future Work

This research work is still in progress. Meanwhile, with all the data obtained, it is
possible to make an initial planning of the ebook to be developed, which will begin with
a presentation of the mascot of the company, followed by the story about the super bread,
which will essentially consist of image and text and will be divided by bookmarks. Each
one will relate to each type of bread spoken in history, so the child can simply know the
types of bread without following the story linearly. Throughout history there will be
some activities that will make it interactive. Considering the tiger bread, which is so
called by having “taint” like tiger skin, there could be a zebra bread. Thus, the idea arises
of an activity called “What if the bakery was a zoo?”, where some animals could name
new types of bread. Allied to this idea, we can challenge the child to personalize their
bread, through drawings and clippings. Another idea would be an activity called “The
bread in the world”, where the word bread would appear in several languages, each word
accompanied by its sound. Considering that children associate bread with other foods
like butter, the idea arises of another activity where food suggestions are presented to
accompany with bread and thus try to increase the bread consumption. As the results
show that children do not appreciate the baker profession, it is pertinent to present good
reasons to be a baker. At the end of the story, there will be a quizz for the child to test
their reading interpretation.

In the design phase of the ebook we will use the software Adobe InDesign CC2017,
because we consider it the most effective software. In the development phase, we chose
the platform Active Textbook, due to the number of adjacent features.
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Abstract. Recent developments in the game industry and in the paradigm of
Internet of Things (IoT) have heightened the need for developing innovative
solutions to foster movement-based interactions and bring people together in
both physical and digital (phygital) environments. Although the existing
knowledge on interaction design in game experience is quite extensive, little is
known about proxemics in game design and how it can be explored to conceive
“smart game-playing”. This paper reports on the use of proxemics in digital
games and its utility in enhancing game-mediated interactions applied to ‘smart
ecosystems’. Eight papers published between 2003 and 2016 in English-
language publications related with proxemics in digital games were reviewed
and met inclusion criteria. This review presents a set of recommendations for
applying proxemics in game-mediated interactions and; discusses its role in
enabling informational literacy to foster smart learning ecosystems.

Keywords: Proxemics � Learning � Game-mediated interactions � Design
recommendations � Smart learning ecosystems � Phygital place

1 Introduction

The advent of the paradigm of Internet of Things (IoT) and current policies regarding
smart cities [e.g. (Albino et al. 2015; Caragliu et al. 2011)] have led to a renewed
interest in studying citizens’ spatial behaviours, their use of shared spaces, artefacts and
such strategies to bring people together in public spaces with a gamification approach
and location-based games, ingredients that constitute a phygital place (Giovannella
et al. n.d.). In addition, changes in the game industry have also been occurring in order
to meet societal challenges and needs of new target groups – i.e. player-citizens from
all ages and of different genders and backgrounds (e.g. ‘games for a change’, ‘games
with a purpose’, ‘gamification’, ‘alternate reality games’, ‘location-based games’,
‘mixed-reality games’, ‘mobile games’).

Although there is a growing body of literature that recognises the importance of
space in digital games [e.g. (Nitsche 2008; Pearce 2008)], there has been little dis-
cussion [e.g. (Greenberg 2011; Mueller et al. 2014)] about proxemics, Hall’s (1969)
theory on a “Hidden Dimension” or a “Silent Language” that humans use to manage
their relational distance, applied in game-mediated interactions. Furthermore, the
implications of these interactions in addressing the main learning needs and urgency of
acquiring information competences in a smart ecosystem have been understudied.
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The goal of this study is to understand the potential of Hall’s (1969) proxemics in
game-mediated interactions to foster citizen-player driven learning and decision-making
toward the community and cities, the basis of a smart game-playing ecosystem.
Specifically, we identify a set of recommendations for applying proxemics in phygital
game-mediated interactions and discuss its role in enabling informational literacy and
learning that is often the basis of individuals’ informed choices in daily life.

2 Proxemics in ‘Smart Game-Playing’

In the light of such challenges as growing population, resource management, unem-
ployment, mobility and infocommunication overload, it is becoming extremely impor-
tant to provide citizens with information competences and motivate them to contribute to
an ecological, social and economic sustainable environment (Holling 2001).

According to the Timisoara declaration, ‘smart environments’ are those in which
(Giovannella et al. n.d, p. 3): “individuals that take part in the local processes have a
high level of skills and, at the same time, are also strongly motivated and engaged by
continuous and adequate challenges, provided that their primary needs are reasonably
satisfied.” In this definition, three game elements can be highlighted and used to
introduce the concept of ‘smart game-playing’ - level of progression and collection of
skills; rewarding motivated actions; and involvement of citizens in challenges/missions
that can have an impact on society and improve citizens’ wellbeing and quality of life.

In fact, game-mediated interactions can foster citizen-player driven learning by
bringing people together through shared spaces and artefacts, encouraging the dis-
covery of patterns, engaging citizens with storytelling, and motivating decision-making
and changes in behaviors, pro-game instances that occur in an informal social
sharing/learning context.

According to Hall (1969), there are four types of space: (a) the intimate space;
(b) personal space; (c) social space; and (d) public space. Relative to a specific game
instance in a pre-determined context, these “proxemic spaces” can be generated with
the position of players and devices, size of devices, number of players, type of game
and feedback. In fact, game designers should take these factors into account, when
designing different types of mediated interactions, the basic structure and relation of
“place” and “digital artefacts and algorithms”, constituents of the phygital place.

3 Article Coding, Review and Analysis

We searched peer-reviewed papers in Web of Science, Scopus and Springer. The
inclusion criteria used to select candidate papers were: (a) published between 2003 and
2016 and; (b) discussing proxemics in game-mediated interactions. Exclusion criteria
were any of the following: (a) duplicate publication; (b) non-English or Portuguese
language publications and; (c) not meeting any of the inclusion criteria. Studies that
covered proxemics in virtual environments that were not a game (i.e. simulators,
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second life…) were also excluded from the analysis. We used the search terms:
(proxemics AND (game OR digital AND game OR digital AND gam* OR videogame
OR video AND game OR play OR gamification)). This search yielded 673 potentially
eligible papers. From these papers, duplicate papers were removed, with no full access,
non-English or non-Portuguese and those neither related with proxemics nor digital
games, which yielded a sample of 8. We coded the papers with the following codes:
(a) type of games; and (b) recommendations for applying proxemics in game-mediated
interactions.

The papers were read and the design features identified in order to compile sets of
recommendations for designing proxemics in game-mediated interactions (Table 1).
Each study was repeatedly read and recommendations were highlighted using open
coding (Given 2008).

Table 1. Type of games and recommendations for applying proxemics in game-mediated
interactions

Game type Recommendations for applying proxemics

Music game with a tangible user interface
(Grønbæk et al. 2016)

- Provide immediate feedback in order to
enhance the sense of impact of an action
- Enable players to move freely and
encourage them to share an intimate or
personal space through f-formations around
tangible devices

Virtual reality game (with head-mounted
display) (Economic game) (McCall and
Singer 2015)

- Design proxemics in game-mediated
interactions accordingly with the level of
fairness

A collaborative mediated body-space game
with Sony Move Controller (Intangle)
(Garner et al. 2014)

- Encourage collaboration between players
through the use of shared controllers
- Create awareness of time and game space
through immediate feedback – i.e. visual,
auditory, haptic light, vibration
- Foster collaboration, empathy and
inclusivity through personally mediated
body-space in games

Movement-based game with Move
Controller (i-dentity) (Garner et al. 2013)

- Take into account movement when
designing game-mediated interactions
-Represent the game movements through the
use of on-screen avatars, light and sound
-Direct the attention of players to other
players and viewers by using the physical
space
- Design the space between players, between
players and screens, their movements and
social interactions
- Enable passive game-playing (‘spectator
involvement’) and encourage interpersonal
synchrony (movement-coordinated tasks)

(continued)
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The majority of studies (Table 1) discuss the use of proxemics in game-mediated
interactions that occur in the same physical space [e.g. (Garner et al. 2013; Garner et al.
2014; Grønbæk et al. 2016; Inderbitzin et al. 2009; Mueller et al. 2014)]. The scenarios
presented in the studies reviewed (Table 1) seem to converge in a number of aspects
that can have impact on proxemics, i.e. there is a shared ownership of the physical
space (Garner et al. 2013; Garner et al. 2014, Grønbæk et al. 2016; Inderbitzin et al.
2009; Mueller et al. 2014), objects (Grønbæk et al. 2016) and controllers (Garner et al.
2014); an individual ownership of the digital space and both physical and digital
representations of the self (Garner et al. 2013; Inderbitzin et al. 2009; McCall and
Singer 2015; Mueller et al. 2014, Rehm et al. 2005); turn-based and synchronous
interactions (Garner et al. 2013; Garner et al. 2014, Grønbæk et al. 2016; McCall and
Singer 2015); the focus is divided into off-screen and on-screen spaces (Garner et al.
2013; Garner et al. 2014; Grønbæk et al. 2016; Grubert et al. 2012; Inderbitzin et al.
2009; Rehm et al. 2005); and the output controllers (e.g. command shaking) are used to
transmit feedback (Garner et al. 2013; Garner et al. 2014; Grubert et al. 2012; Rehm
et al. 2005).

Thus, we divided ‘hot mediated interactions’ (the ones established in the same
physical space - phygital place) and ‘cool mediated interactions’ (the ones established
in different physical spaces - non-phygital place) in order to propose a model of
proxemics in game-mediated interactions (Fig. 1).

Table 1. (continued)

Game type Recommendations for applying proxemics

Augmented reality in public space (Grubert
et al. 2012)

- Encourage people’s interactions in public
space and transportation through the use of
augmented reality games

3D cave game (eXperience Induction
machine) (Inderbitzin et al. 2009)

- Encourage players’ full body interactions in
mixed reality
- Design game proxemics that vary in winning
and losing strategies and game conflict
(cooperation vs competition)

Tangible user interface game (Musical
embrace)
(Mueller et al. 2014)

- Enable passive game-playing (stimulate
‘spectator involvement’)
- Extend the traditional proxemics proposed
by Hall (1969) with ‘wireless zones’

Many types of games (Rehm et al. 2005) - Take into account the following aspects:
gaze and eye contact, voice volume, posture,
body language, cultural taboos about touch
and contextual factors and players’ implicit
actions
- Show the initial state and information
relative to the positions and movements of the
player as well as enhance security and privacy
- Transfer different information “from up
close” and “from afar” and enable ‘passive’
game playing
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As can be observed in Fig. 1, the distance between different players increases (blue
and green colour) as the interaction is more mediated. By contrast, players get closer
when they share the same space and their interaction is as natural as possible (yellow
and red colour).

4 The Potential of Proxemics in ‘Smart Game-Playing’

Games are a source of information and communication that can have an impact on
daily lives, routines, homes and cities. As games can function as literate environments
in a smart ecosystem, we present the requirements defined by UNESCO (2011) to
create a literate environment and the main implications for proxemics (Table 2).

Fig. 1. Model of Proxemics in game-mediated interactions

Table 2. Implications of ‘smart game-playing’ for proxemics

Requirements for developing literate
environments

Implications for proxemics

- Transfer the literacy skills to daily life
activities and tasks

- Encourage people’s interactions in public
space through the use of augmented reality
games

- Invite the participation of individuals and
the use of their literacy skills to interact with
the environment

- Encourage players’ full body interactions in
mixed-reality
- Enable passive game-playing (stimulate
‘spectator involvement’)
- Provide immediate feedback in order to
enhance the sense of impact of an action

(continued)
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5 Discussion

In this paper, a set of recommendations were proposed to encourage game-mediated
interactions with an explicit and intentional logical use of space and we discuss in what
way these can meet some of the requirements established for developing ‘literate
environments’ according to UNESCO. A ‘smart game-playing’ consists in using such
game strategies as level of progression and collection of skills; rewarding motivated
actions; and involvement of citizens in challenges/missions in order to have an impact
on society and improve citizens’ wellbeing and quality of life, shown in the proposed
model of proxemics in game play. For example, in a shared urban space, proxemics in
game-mediated interactions can create tension between idealized mental representa-
tions and the environment. Indeed, depending on citizen-players’ interactions with the
environment (i.e. whether the human body is the reference point or a camera in order to
frame and narrate a perspective) (Nitsche 2008), their position and perception toward
the environment also tend to change. In this reciprocal affordance (Gibson 1986)
between what the player can afford from the environment and vice-versa, the design of
proxemics in game-mediated interaction beyond game conventions (perceived affor-
dances) (Norman 2013) is crucial to invite citizen-players to (re) act to an adaptive and
constantly-changing ecosystem with the progress of technologies. This review,

Table 2. (continued)

Requirements for developing literate
environments

Implications for proxemics

- Give a sense of control over the literacy
skills acquired

- Design game proxemics that vary in
winning and losing strategies and game
conflict (cooperation vs competition)
- Enhance security and privacy
- Design proxemics in game-mediated
interactions accordingly with the level of
fairness

- Required intrinsic rewards - Take into account the following aspects:
gaze and eye contact, voice volume, posture,
body language, cultural taboos about touch
and contextual factors;

- Provide opportunities to participate in
community

- Encourage people’s interactions in public
space through the use of augmented reality
games
- Enable players to move freely and encourage
them to share an intimate/personal space
through f-formations around tangible devices
- Encourage collaboration between players
through the use of shared controllers
- Foster collaboration, empathy and
inclusivity through personally mediated
body-space in games
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however, has some limitations, so the results need to be interpreted with caution. Only
peer-reviewed papers were analysed and recommendations proposed by enterprises or
other entities could help to understand the potential of proxemics in these interactions.
Future research should analyse the proposed model for different types of devices and
different goals to be achieved in a ‘smart ecosystem.’
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