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PROLOGUE

In the 21st century, there are significant changes of educational culture in particu-
lar culture of learning leading to employability and creating innovation for entrepre-
neurship, therefore, the learning outcome need to be focus on 1) applying knowledge
to create innovation 2) creative learning by active learning 3) learning for public and
participation on making social responsibility and awareness 4) leaning for practice in
real life.

School of Management, Walailak University, Thailand aims to manage education by
using “Work Integrated Learning and Engagement with Community”. We integrate
learning by using projects and utilize in reality. The Project Planning and Manage-
ment for Tourism Industry subject is one example from many subjects in our faculty to
apply theories in the class approaching in reality at the fields. The local communities
get involvement in learning together with students. The project assignments are de-
livered by students using real case in the field. The significant successful projects can
lead the development in the communities, otherwise, the less successful project can
be lesson learnt for students and local people for improving in the future learning. We
use digital environment both in the class and satellite place to pursue the students
learning from the starting of the subject in particular “Zeetings” using for collaborate
students’ motivation and “Google form using for formative assessment in each topic.
Moreover, we use other social network to be close with students 24hs 7 days e.g. “Fa-
cebook and Line Chat”. We have done the project by using field work and real com-
munities to practice. Students are assigned to do the real thing for developing the real
community. Local people would work with students, they can learn and exchange
knowledge each other. The lecturer would be as a facilitator. When students obtain
collaborative learning tools from lecturer who roles as a felicitator, and using digital
environment that suites for new generation, it clearly positive impacts to tri-
participants: students, lecturer and local people in the scenario of the subject. As the
result, students more understand about applying theory to real life and can give bene-
fits to local communities who join in learning process to develop their area and ca-
reers at the same time.

This is a great opportunity that International Conference on Innovation, Documen-
tation and Education (INNODOCT) provide a forum for academics and practitioners to
share innovations, research, results and experiences in innovation, documentation or
education related to new information and communication technologies, innovations
and methodologies applied to education and research. Tourism and Hospitality is one
of many fields need to contribute efficient learning and apply technological tools for
encouraging innovation of learning in the current century. In this regard, INNODOCT
can be a good platform for various scholars to share and
exchange good practices from around the world by using
digital environment without barrier.

Assistant Professor Dr. Rungrawee Jitpakdee
Head of Research unit, School of Management
Walailak University, Thailand
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Abstract

Global brands have encouraged the penetration of products in markets, but
new contexts have emerged, where brands add value to the productive
sectors and promote the creation and growth of new companies. An approach
and analysis of the contemporary construction of the sector brand and the
value it provides to insert countries, territories, cities and products in global
markets is carried out. On the other hand, in the Latin American context, we
can observe the emergence of emerging brands that have their origin in the
need to meet the demand of priority sectors or undertakings derived from the
identification of unattended market niches, with the potential to become
trademarks in a higher level.

Keywords: sectoral brand; country brand; commercial brand; brand
territory; brand product; brand city; nation brand; global brand.

1. Introduction

The etymology of the word BRAND comes from the old Norwegian word BRANDR,
which means to burn, as a representative symbol through the marking of fire, with the
purpose of distinguishing one cattle from another through the brand; in classical Rome,
potters marked the vases to be linked to the quality of the object, a practice that can be
associated with exoteric and esoteric words, which represents the exterior or the visible for
all, what we see of the brand, and the interior as the hidden, what we understand or
transmit, respectively (Keller, 2005). The brand is ""a name and / or signal whose purpose is
to identify the product of a vendor or group of sellers, to differentiate it from rival
products” (Stanton, Etzel and Walker, 2000:264). Therefore, the brand sector or sectoral
brand is a group of products of a specific sector of a country; For example, we can say Fruit
of Chile (it brings together several products), relating certain standards (quality, taste, price,
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among.) with the origin. Lazo makes a reference of the sectoral brand in the aspect of its
positioning, where it indicates that the brand works based on "comparative advantage" and
"competitive advantage", from an initial perspective of production to international
distribution. Lazo also associates the sectoral brand with "the existence of a territorial
concentration”, which is related to the grouping of a product or a sector (Lazo, 2006: 37).
These brands also have the impact of projection and perception; according to Crompton
(1979) and Kotler, Haider and Rein (1994), the image is the sum of beliefs, ideas and
impressions, so that the image of a country or a product allows a mental and social
construction (Crompton, 1979) (Kotler, Haider, & Rein, 1994).

The region brand is the brand designated by regions of countries or regions of production,
the basis of city-marketing, which shows the values of a product-destination and positions
the territorial identity through its brand, for example, the Coffee Cultural Landscape. The
information available on the creation process and methodologies for the implementation of
sectoral brands is limited and, in some cases, restricted. The methodology used corresponds
to theoretical works, and a review of the literature related to the brands will be carried out,
from the macro aspect in the global sense, and then the contemporary construction of the
micro of the sector or sectoral brand will be addressed. This article incorporates some of the
concepts referred to brands of: country, territory, city, trade, sector, product and its link
with the competitiveness of the regions, based on the bibliographic review and the critical
and interpretative analysis of the most relevant contents.

2. Decomposition of the Global Brand to the Country Brand: Construction
process

Based on the contributions presented by Lazo (2006: 37), and the previous investigations
that we carried out, we have proceeded to delimit the levels according to the position of the
brands:
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Global Brands
Country Brand / Nation Brand

City Brands
Region Brands
Collective Brands
Commercial Brands

Product Brands

Emerging Brands

Fig. 1 Brand Position
Font: Based on Lazo (2006: 37)

The global brand can be perceived differently by each culture, which allows some products
to distinguish themselves from others (Hernani, 2008: 44-45). As can be seen in figure 1,
the global brand functions as an umbrella brand of all the others until it reaches the
emerging brand. The role of brands is to present a differentiating concept that satisfies the
needs of consumers and enhances a positive image of a country's identity, contributing to
the improvement of competitiveness and its positioning in global markets, which is a goal
for modern states. The term Nation Brand or Country Brand was employed academically by
Simon Anholt in 1998; the Country Brand of the 21st century is not entirely defined by the
author, who refers to the term by means of cases and examples, indicating that the majority
of successful brands really come from countries that in turn are a brand. In this sense, the
association of the brand of a product given to a nation certainly gives a positive image and
generates mutually reinforcing relationships. Anholt believes that:

“At its simplest level, this association between commercial and national brand is merely a

case of positive associations with national products: a country is famous for producing

certain items, and brands in related product categories benefit by association” (Anholt,

1998: 396).

Building a positive image for the country, based on identity attributes that gives value to
products and services in a global context, is a state policy in many countries, with specific
rules and goals established by agreements and public-private partnerships. This idea is
driven by the new commercial relationships and policies that are established precisely
through globalization. The country brand concept, therefore, gains strength as an indicator
of positioning that contributes to the competitiveness of countries, and becomes part of
government programs, transcending ideological or political differences. At the brand and
country image observation, Echeverri indicates that:

“the image of a country is the perception that direct, indirect, real and potential countries
consumers have; and it is equivalent to the sum of all the elements that make up the country,
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plus those that are generated to communicate its characteristics; these perceptions contain
differentiating connotations. All countries are different, that’s how they share common

elements” (Echeverri Cafias, 2015).

In this scenario, the products, in addition to the intrinsic quality that they must have, must
also be capable of providing significant experiences based on the production traditions that
link the product with the country of origin. Before addressing this, we must point out that
culture can be defined as "the collective programming of the mind that distinguishes the
members of one category or group of people from another" (Hofstede, 1999: 34). It is
important, therefore, that the country becomes an adjective of the products, and that the
products build their own associations as a nation's culture of making. This means moving
from a "Made in" product to a "Made by" product. In other words, it means designing, in a
systemic way, the attributes and relationships that allowed us to pass, for example, from
chocolate of Swiss to Swiss chocolate, from wine of Chile to Chilean wine, from cocoa of
Ecuador, to Ecuadorian cocoa. This approach makes the Product Nation or Product Country
relationship an attribute reference that acts as a syllogism for other products brands from
the same country.

Fan explains that country is an area of land occupied by a group of people who constitute
the nation, and manifests two concepts: nation branding and nation brand; the branding
focuses on marketing techniques and promotion of the image of a national space. (Fan
2006: 5) "The really innovative thing is to baptize it with the name of nation branding" (de
San Eugenio Vela 2012: 152). Therefore, Country Brand refers to the country, but not to
the concept of nation. Similarly, the country brand precept that includes a graphic
representation are attributes of association to the place by some unique particular concept.

3. The focus of the developing Commercial Brand for Sectoral Brands

The trademark is linked to the doctrines of industrial property, manufacturing and
geographical indications (Schmitz Vaccaro, 2012: 11), but over time the demand for
"products in all sectors" has increased (Trout, 2001: 2). It can be linked to a particular place
or be a global factor that graphically represents a specific product or service.

According to Morales:

“The trademark is a legal institution that associates a sign with specific products or services
and whose purpose is to distinguish the latter from other analogs in the market, which in its
definition already warns of its use vocation. In this sense, a brand that is not used does not
fulfill its own function and may end up being a subterfuge of paper destined to hinder

commercial competition” (Morales, 2010)
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Therefore, the conglomerates of determined products contribute to the development of a
productive sector, from the point of view of the sector or sectoral brand, the associativity
would be the motor to potentiate the productive development of a nation. We can associate
the commercial brand with the product-company brand that, according to Lazo, is at the
first level of international market positioning, where the products that are exported are
differentiated and adapted to international requirements (Lazo, 2006: 36), these attributes
being typical of the sector brand. A trademark that is from a region or an area of a country
can be transformed into a sectoral brand with the right properties and the right associativity
of producers to respond to a global demand, with the support of the nation and adequate
state policies. It is clear that the sectoral or sectorial brand aims to expose the important
points of a region or of the whole country, with particular attributes and characteristics,
such as the geographical space that externalizes a productive export potential for an
economic growth of a specific public. One point to be taken into account is the number of
companies of different sizes around these particular sectors, which commercialize their
trademarks autonomously, while through a sectoral brand the inclusion, grouping or
association of small, medium and large companies linked to the same product/sector is
characteristic.

4. The contribution of the Sectoral Marks to the Country Brand and
Territory Brand

The territory brand, also known as brand place (Alameda & Fernandez, 2012: 1), has the
particularity of bringing together the differential attributes of a space, with an added value
(Monerris, 2008), which is a unifying element referring to the geographical aspect, to
obtain a certain positioning (L6pez-Lita and Benlloch, 2005 and 2006), based on a strategy
whose main objective is the increase of tourism, regional or national (de San Eugenio Vela,
2012: 148); the territory brand is not the same as the country brand, nor the city brand,
since a territory brand could only refer to a single tourist place. If a territory possesses a
single product from a fruitful sector, it contributes directly to a double diffusion, not only
for the country but also for the territory in particular, which translates into an increase in
tourism potential, and acquisition of that potential product, generating a double economic
flow.

The territory brand can support a sectoral brand, position and relate a product to its place of
origin, which contributes to the recognition of the territory associated with a product,
tangible or intangible. Examples such as “empanadas saltefias” from Salta in Argentina,
“deep dish pizza” from Chicago in the United States, “cocido madrilefio” from Madrid,
“taquitos al pastor” from Mexico, “mate” from Argentina or “calimocho” (Kalimotxo) from

@G)@@ Editorial Universitat Politécnica de Valéncia
BY NC ND

5



What the Brand brands: A reading from the contribution of Sectoral Brands to the competitiveness of
the regions.

San Sebastian in Spain can be the origin of new sectoral brands, for their realization, place
of origin or product differentiation. Likewise, the link of a trademark with a specific
country, for example, Juan Valdés coffee from Colombia, which is also a clear example of
the association of a product with a country, allows us to infer that this type of associations
can also, with an appropriate strategy, lead to the creation of sectoral brands.

5. The contribution of the Sectoral Brands

Diario EI Comercio del Per( exposed through an article the power of a sectoral brand and
how it can become a sign of productive differentiation, analyzing how Chile has managed
to increase its participation in global markets in less than five years, using positioning
strategies powered by sectoral brands (EI Comercio, 2015). Anholt says that the effect of
the country of origin is powerful and complex, therefore, sectoral brands to promote a
product from the economic point of view generate a systemic change that allows the
improvement of the visibility of products, promoting exports. Chile, which is a case of
interest in Latin America, has generated a change in the management of the products that it
offers to the world markets. (Anholt, Competitive Identity: The New Brand Management
for Nations, Cities and Regions, 2007). At this point it is important to point out that the
sectoral brand gathers a conglomerate of perspectives, and its success is directly related to
the strength of the public-private alliance that supports it.

Garcia indicates that "Product is what the advertiser factory or distributes and, ultimately,
what it offers to consumers. Brand is what consumers buy, it goes beyond the materiality of
the product itself " (Garcia Uceda, 2001: 71). The sectoral brand has two very important
properties, as they are: distinguish and differentiate. According to the Merriam Webster,
distinguishing is "2. tr. Make something different from something else by means of some
particularity, signal, currency"” (Real Academia Espafiola, 2018) and differentiate is "1. tr.
Make distinction, know the diversity of things" (Real Academia Espafiola, 2018). Within
figure 1, where the position of the brands is shown through a hierarchical structure, the
sector brand is under the country brand. The evidence shows that the sector brand
contributes to the improvement of the penetration of products in world markets, positively
impacts the reputation of countries, fosters cooperation in a fair competition environment
with clear rules, promotes economic growth, encourages to small and medium enterprises
to incorporate good manufacturing practices, waste management, new technologies and
social responsibility policies, in addition to adding value to products and contributing to
satisfying the demand for products or services in various segments of the population.
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6. Projection of emerging brands in Latin America

According to Merca 2.0 "emerging brands or Clean Slate Brands are those that have no
past. That is, they are new, better, open and receptive.” Due to the generational changes of
consumers, they show greater willingness to consume new products and accept new brands.
In this context, in Brazil, cataloged as an emerging market and also as a Latin American
benchmark, the level of consumer confidence in emerging brands reaches 65%. (Gonzalez,
2015) Most emerging brands have their origins in ventures and the emergence of new
markets, established based on new experiences for consumers, and promoted largely by the
so-called influencers; They seek to differentiate themselves from traditional brands and
offer new shopping experiences or products. According to a report presented by the
consultancy comScore, "Latin America is the region most involved in social networks
globally.™ (comScore, 2017) Emerging brands can be, in terms of their time of existence,
seasonal or temporary brands, which they sell through social networks, conquering the
centennial or Z generation, who seek options beyond the scope of traditional brands, with
emphasis in the products and the properties or attributes that distinguish them from others.
Could these brands arise from a new demand of productive sectors and become sectoral
brands? The change in the preferences of new users is evident and imminent.

7. Conclusions

The sectoral brands, in their various fields of application, present several difficult adoption
challenges to the states, regions, cities, industries, entities and people involved in the
development, manufacture and marketing of products. The political, economic and legal
implications that go hand in hand with the implementation of a sectoral brand require a firm
commitment that transcends the limits of a company. How to compete and cooperate at the
same time, how to resolve differences without affecting the achieved objectives and the
achievement of common goals are issues to be addressed and resolved before outlining the
first aspects of the sectoral brand design. In this sense, be aware that agreements imply a
change in old practices, accept a set of rules, foster an environment of trust among
competitors, share information and collaborate to achieve the level of expected quality that
is essential.

If we take as reference, the Chilean experience, we observe that the state plays a
fundamental role in the creation and promotion of sectoral brands through ProChile. It is
an entity attached to the Ministry of Foreign Affairs of that country. It is enough to have a
first look at its website to clearly observe its objectives: to train producers of exportable
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products, to promote the exportable offer of Chilean products to world markets, and to link
potential buyers with Chilean exporters able to satisfy their demand, with emphasis on
food, industries and services. According to the indicators published by the Central Bank of
Chile, exports from January to September of 2018 totaled 57.651 USD million, 16.5% more
in relation to the same period of the previous year.

This positive trend has been maintained in recent years—remarkable results of the
effectiveness of the sectoral brands. Regarding the analysis and figures presented in relation
to emerging brands, it is logical to point out that these may arise from a single sector of a
region or territory, and have the potential to become sectoral brands, as well as be linked to
promote—in addition to the consumption of products—tourism.
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Abstract

The theory of constructivist learning, also known as discovery learning is a
learning methodology in which the student instead of receiving the content
passively, discovers the concepts and their relationships and rearranges them
to adapt them to their cognitive scheme . This method transforms students
into protagonists of the learning process, who develop research skills
through an inductive method. Therefore, it is configured as an ideal tool to
situate students in a sociocultural dimension, favoring the understanding of
the appearance and socio-historical construction of the concept of cultural
heritage taking into account the transformations of late modernity and the
new current situation defined as globalization This work aims to assess the
degree of acceptance and satisfaction of students, in relation to the process
of implementation of learning by discovery, through anonymous surveys in
which the different strategies and tools used in this methodology are
analyzed, with the aim of improving and optimize the design of the
programming.

Keywords: discovery learning, inductive reasoning, inductive thinking,
inductive strategy, guided discovery, evaluation, cultural heritage, EICE-
AFA-Reality.

1. Introduction

The new conception of cultural heritage and its recent transformations, requires rethinking
an important reflection on the new patrimonial action models. Tourism, globalization and
the patrimonialisation of new cultural elements require the revision and proposal of new
methods of intervention, in which sociocultural aspects are contemplated, their values of
use, formal and symbolic / identity (Santamarina Campos, Carabal Montagud, De Miguel
Molina, & De Miguel Molina, 2016).
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This change in the perception and management of cultural heritage has meant a profound
transformation in the design of conservation and restoration projects. This fact opens the
way to the acceptance of an intersubjective participation and a consideration of the broader
discipline, which transcends the limits of the object and compilation study, and gives
greater prominence to the subjects receiving and the different processes of meaning,
conceiving this professional activity to Starting from "their social uses, not from a mere
defensive attitude, of simple rescue, but with a more complex vision of how society
appropriates its history, it can involve new sectors. It does not have to be reduced to a
matter of the specialists of the past [...] " (Garcia Canclini, 1993).

In relation to the above, moving from the object of restoration to the subject that gives a set
of values, as a reason to study implies the need to raise, from the analysis and reflection, a
process of deconstruction, reinterpretation and redefinition of previous criteria solidly
settled in the field of conservation and restoration of cultural assets (such as objectivity,
authenticity, truth, materiality, ...) by others that pave the way to the path of subjectivity.

This supposes the need to discover in the student a critical and creative position regarding
the importance of the social construction of heritage and its intervention, which should be
enriched, questioned and rethought throughout his professional career. Therefore, in
eminently theoretical subjects, in which the main objective is to provide an approach to
cultural heritage from a social perspective (Santamarina Campos et al., 2016), it is
necessary to implement a methodology that allows generating an active and social learning
process , in which students build new ideas or concepts based on current knowledge. In this
way, the student can select the information, originate hypotheses, and make decisions in the
process of integrating experiences in their existing mental constructions.

The theory of constructivist learning, also known as learning by discovery is a learning
methodology in which the student instead of receiving the content passively, discovers the
concepts and their relationships and rearranges them to adapt them to their cognitive
scheme. This method transforms students into protagonists of the learning process, who
develop research skills through an inductive method (Zarza C., 2009). Therefore, it is
configured as an ideal tool to situate students in a sociocultural dimension, favoring the
understanding of the appearance and socio-historical construction of the concept of cultural
heritage taking into account the transformations of late modernity and the new current
situation defined as globalization (Santamarina Campos et al., 2016).

For this reason, the implementation of learning by discovery has been carried out in the
following theoretical matters:

- Management of intangible heritage (33848). Optional. Number of ECTS: 4.5.
Number of students: 35. Department of Conservation and Restoration of Cultural
Property, Master's Degree in Conservation and Restoration of Cultural Property.
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Development, management and direction of restoration projects. Optional.
Number of ECTS: 4.5. Number of students: 35. Department of Conservation and
Restoration of Cultural Property, Master's Degree in Conservation and Restoration
of Cultural Property.

History of the Conservation and Restoration of Cultural Property (33841).
Optional. Number of ECTS: 4. Number of students: 35. Department of
Conservation and Restoration of Cultural Property, Master's Degree in
Conservation and Restoration of Cultural Property.

These subjects offer an approach to cultural heritage and its management / intervention, in
order to place the student in a sociocultural dimension that enriches the analysis and
knowledge of the object to be intervened. The purpose of these subjects is to approach the
student to:

The most relevant aspects of cultural heritage in relation to different sociocultural
contexts.

The fundamental concepts of the restoration and patrimonial management practice
from the different approaches: identity-symbolic, economic and political.

Develop the ability to analyze, synthesize and evaluate the different aspects on
which the notion of cultural heritage is built in the field of conservation,
restoration and management.

Appropriating heritage, assuming its role in conservation and professional training.

On the other hand, these subjects work the transversal competences of analysis and problem
solving, innovation, creativity and entrepreneurship and teamwork and leadership,
understanding and integration and critical thinking. For this reason, learning by discovery
constitutes an ideal methodological tool to work on these competences and acquire the
necessary levels of mastery (Table 1).
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Table 1. Linking Transversal Competencies with the fundamental principles of discovery learning.
Source eleboracién propia, based on (ICE, 2015) and (Bruner, 2006).

Transversal Competences (ICE, 2015)

Analyze and solve problems effectively,
identifying and defining the significant
elements that constitute them.

Innovate to respond satisfactorily and in an
original way to personal, organizational
and social needs and demands with an
entrepreneurial attitude.

Work and lead teams effectively to
achieve common goals, contributing to the
personal and professional development of
them.

Demonstrate  the  understanding and
integration of knowledge both of one's
own specialization and in other broader
contexts.

Develop a critical thinking interested in
the foundations on which the ideas, actions
and judgments, both their own and those
of others, are based.

2. Objectives

The main objective of this proposal is to evaluate the degree of acceptance and satisfaction
of students, in relation to the process of implementation of learning by discovery, through
anonymous surveys in which the different strategies and tools used in this methodology are
analyzed, with the aim of improving and optimizing the design of the programming of the

subjects involved.

Therefore, the final objective will be for students to discover the transformations produced
in cultural heritage in an active, constructive and collaborative way. In this way, based on

Linking with the fundamental principles
of discovery learning (Bruner, 2006)

The main objective of education must be
the ability to solve concrete problems and
practical application in real life.

Meaning is the product of creative
discovery and not the verbalization of
concepts.

The discovery efficiently organizes what
has been learned for later use.

The real and most important knowledge is
the one learned by oneself.

The discovery ensures the conservation of
information.

The empowerment of students in creativity
and critical thinking should be prioritized.
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the material and tools provided by the teachers, what Bruner defines as scaffolding (Bruner,
2006), students can discover in a co-creative way the most complex and changing concepts
that the field of cultural heritage presents.

Also, this experience is part of the Innovation and Educational Improvement Team (EICE)
"The process of Teaching and Learning Outside the Classrooms - Reality Baths (EICE-
AFA-Reality)". The Innovation and Educational Quality Teams (EICE) are an initiative of
the Vice-rectorate for Studies, Quality and Accreditation (VECA), with the support of the
Institute of Education Sciences (ICE) and the Commission for the Evaluation and Follow-
up of Innovation Projects and Educational Improvement (CESPIME) of the Universitat
Politecnica de Valéncia

3. Description of innovation development

As indicated, the objective of the implementation of learning by discovery has been to
modify the functions and the role of the teacher, which does not expose the content with
full value, but rather the student is the one who acquires a large part of knowledge by itself
(Baro, 2011), through its co-creative experience of discovery or reception of information.
Thus, 85% of classroom time, is intended to perform practices in the classroom, with the
aim is that the student discover in an active and collaborative way what you want to learn.

In this way the theoretical content of these subjects is structured on the basis of key
questions, which pose problems to be solved, from which the students can get new ideas
and the fundamental concepts of the subjects involved, based on the knowledge learned in
the preceding sessions and matters.

For this, the theory is presented as questions, which students must solve collaboratively,
with the help of the tools provided by the teacher. The questions are always resolved in
groups of between 3 and 5 students, respecting parity. In each session, on a rotating basis, a
group representative is assigned who is the one that exposes and defends the results of the
question worked, so that there is a balanced and orderly participation of all the students
throughout the semester. For each session a template is given to complete in group, A3
sheets or continuous paper, post-it, gometes and colored markers, to facilitate the
collaborative work (Image 1 and 2), allow them to obtain models of more efficient and rich
systems, by synthesizing different points of view, merging mental models (Santamarina,
Carabal, de Miguel, & de Miguel, 2018). In addition, the questions are accompanied by
complementary material, such as press news, TV news, a film, a short film, a report, an
article of research, a story or simply an image. In this way, from the delivered material,
students should try to find the answer, analyzing the information provided that is always
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linked to contemporary and current issues. Once the practice is finished, each group
presents its answers and a directed debate is opened, in order to lead and build the
appropriate response among all. As a conclusion, the teacher presents some slides that
synthesize the answer to the question posed, strengthening the most important aspects of
the new concept acquired. In this way, through the answers of the key silver questions, the
students construct in a directed way the theory linked and applied to contemporary issues.

Image 1. Detail of a collaborative work session, in the subject Development, management and management of
restoration projects. Source: Own photography, academic year 2018-2019.
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Image 2. Detail of a collaborative work session, in the subject Development, management and management of
restoration projects. Source: Own photography, academic year 2018-2019.

4. Results

After completing the subjects in which the methodology of learning by discovery was
implemented, students were asked to fill in an anonymous online survey, composed of 12
questions that analyzed the effect of using the different tools used to achieve learning.
significant, focusing mainly on:

1. The use of real cases.

2. The use of photographs, press articles, audiovisual resources, TV programs, etc.
3. The use of movies or short films.

4. The use of reflective questions.

5. The realization of manipulative and collaborative practices.

The results of the surveys confirmed the great acceptance of this methodology by the
students, obtaining a global average of the surveys of 4.35 out of 5 (table 2).
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Table 2. Result of satisfaction surveys in relation to the use of learning by discovery. The rating range
was from 1 to 5. There were 1 totally disagree and 5 totally disagree. Source: self made.

4,55
4,50
4,45
4,40

4,35
4,30
4,25
4,20
4,15
4,10
4,05
1 2 3 4 5 6 7 8 9 10 11 12

Both ask that they obtained a grade equal to or higher than 4.5, were related to degree of
satisfaction in relation to use real cases through press articles, video clips, movies, etc., with
the aim of internalizing knowledge, remember them more easily, and understand the
theoretical explanation later.

5. Conclusions

The transformation of heritage has brought about a new focus in its management and
intervention, which makes it necessary to incorporate aspects related to the symbolic-
identity, political and economical dimension. Discovering in a co-creative way the most
complex and changing concepts that the field of cultural heritage presents, is a fundamental
process that motivates students to solve problems independently and cooperatively, with
minimal support from the teacher.

On the other hand, learning by discovering, consolidates the fundamental concepts
facilitating their management and promoting the independence of the students, facilitating
the development of the final master's work and promoting a flexible and exploratory
learning, expanding the fields of action.
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Learning through this method is relevant, and is evident in the presentations made by the
students of final master projects that are presented in the Department of Conservation and
Restoration of Cultural Property of the UPV, when applied in real cases that the students
themselves transfer to the working world, promoting the research and innovation of the
students and motivating them to present project proposals to public calls. In the academic
year 2018-2019 there has been an increase of 20% in the number of proposals for final
works of subject or master that have been submitted after public calls or prizes. On the
other hand, the level of satisfaction of the students with the use of this technique is evident
in the results of the surveys, in which after the implementation of this tool they increase
between 10 and 15% the final assessment.
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Abstract

This paper presents the case of evolution and lessons learned in information
technology service management (ITSM) of a World Food Company in Latin
America, with an emphasis on their process-driven strategy for integral
transformation through the Information Technology Infrastructure Library
(ITIL), as well as the creation of their Service Management Office (SMO).
Their experience in implementing ITIL and an SMO presenting their
roadmap and main challenges. As an extra added value, service quality has
been enhanced through the use of business indicators and commitments from
three perspectives: people, processes and technologies. These results reveal
that the SMO has become a strategic complement for IT, in addition to being
a fundamental element to ensure quality and efficiency in technology service
management.

Keywords: Service Management Office, ITSM, IT Governance, Service
Management Department, ITIL

1. Introduction

The shift in expectancies regarding the use of information technologies (IT) has caused that
today, companies from a range of sectors and sizes seek for increasingly efficient and
innovative technology solutions. And so, organizations — especially multinational ones —
are increasingly recognizing that IT services are crucial and strategic assets that call for
resource investment to support their provision and management. However, it is also true
that, at times, the strategic role of IT services is overlooked or is not addressed with the
strategic importance it entails (Adison Cartlidge et al., 2007), and, those who do recognize
its importance through implementation of best practices or IT service frameworks, such as
Information Technology Infrastructure Library (ITIL), have found that one of the success
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factors to ensure successful outcomes in managing such services is having an adequate
process not just for implementation, but also for follow-up, maintenance (Neni¢kova, 2011)
and evolution.

In light of an analysis of literature on the importance of having an office allowing
supporting and following up on effective IT service management from the implementation
of an IT service management framework (Cannon, 2011; Fry, 2008; ITGI, 2009; Lucio-
Nieto & Gonzalez-Bafiales, 2019; Lucio-Nieto, Gonzalez-Bafales, & Bermeo Andrade,
2016; Microsoft, 2008; Plexenet, 2011; Roller, 2009; Shahsavarani & Shaobo, 2011), the
sources analyzed suggest the existence of a Service Management Office (SMO) as a
mechanism responsible for delivering quality IT services to users, at both the tactical and
strategic levels (Lucio-Nieto & Gonzélez-Bafiales, 2019; Lucio-Nieto et al., 2016;
Montgomery, 2011). Such office’s main responsibilities are the strategy and design of a
service that delivers business value and the governance of IT processes, frameworks,
methodologies and standards (Hubbert, 2008). This is empirically supported by studies
conducted in 2009 and 2012 (Lucio-Nieto & Colomo-Palacios, 2012; Lucio Nieto &
Gonzalez-Bariales, 2009) on a number of Latin American companies in order to know the
importance and implications of the implementation of frameworks and best practices in IT
service management, as well as the pertinence of the creation of an SMO, considering ITIL
as the main framework for IT service management. The results from such studies and a
bibliographic review, suggest that it is advisable to have an office allowing following up on
and meeting the objectives of IT service management.

Although there is no standard definition for a Service Management Office (SMO), its
functions and scope (Lucio-Nieto, 2011), by analyzing several definitions, (Cannon, 2011,
Clyton, 2012; Hubbert, 2008; Montgomery, 2011; Roller, 2009) it can be said that it
embodies an IT governance mechanism that defines, monitors and audits both operating
and in-transition process, it is responsible for ensuring compliance of the “end-to-end”
service strategy for all of the functions involved in its definition, design, transition,
operation and continual improvement; additionally, it has three main responsibilities:
strategy and design of services that deliver business value (demand, portfolio and service
catalogue management), and is in charge of business relationships and responsible for the
governance of IT processes, frameworks and standards.

Considering that the bibliographic review performed does not include an analysis of a
company case that has implemented an SMO in a Latin American setting for a multi-
national, multi-product company, a study case is presented in this work with the aim of
analyzing the lessons learned in the implementation of an SMO in the context of IT
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services, as a means to ensure efficiency and permanence in the implementation of
frameworks in the IT service management area, specifically for ITIL.

2. Lessons learned from the implementation of a Service Management Office
(SMO)

2.1. Company Background

World Food Company* (WF) is a leading company in the food (snacks, candies, cookies)
and drinks sector, founded in 1898 and operating in over 200 countries and regions. It is a
company valued at 178.47 billion dollars, with over 267,000 employees worldwide
(Source: https://www.macroaxis.com/invest/market/PEP--valuation--WF 2018). WF
Company is one of the largest food and drink company in North America and the second
largest in the world, and is one of the three largest companies in this sector in Latin
America. WF Company’s presence in Latin America traces back to 1907, when the
company registered the WF brand in Mexico. In 1938, it opened its first bottling plant in
Mexico (WF, 2018). Regarding business units, the main four are: (1) WF Company
America Foods (AAF) (WF Snacks North America (ASNA), WF Foods North America
(AFNA) (2) WF Americas Beverages (AAB) (North American and Latin American
beverage business) (3) WF Europe (berverage, food & snack) (4) WF Asia, Middle East
and Africa (AMEA) (beverage, food & snack) (WF, 2014, 2017).

WF Company wide portfolio includes 22 brands, each generating over one billion U.S.
dollars in annual retail sales (Source: https://www.statista.com/statistics/536974/wf-s-
number-of-employees-worldwide/). In 2017, it’s operating profit in Latin America was
around $1.000 billion US Dollars, which accounted for 11% of the company’s operations
worldwide. Over the course of more than 100 years, WF America business has grown to
become one of the strongest foods and beverage manufacturers in the Latin America region,
WF Latin America sells beverages, food and snacks throughout the region employing more
than 70,000 employees in 34 countries and generating $7.2 billion dollars in sales (WF,
2017).

2.2. The Service Management Office (SMO) project at WF Company

In 2011, WF Company went through a deep restructuring process, together with a
productivity plan. This plan included actions related to aspects dealing with strengthening

1
Due to the company did not allow its name appears in this paper, WF Company (World food company) name is used instead.
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the complementary businesses in the food, snack and beverage areas by taking advantage of
new technologies and processes in all of WF Company’s operations, go-to-market
strategies and information systems, thus increasing the focus on sharing best practices
worldwide, consolidating manufacturing, warehousing and sales offices, and the application
of simplified structures in the organization with wider spaces for control and fewer
management strata (WF, 2014).

The above is an evidence that the use of information systems is a part of strategic
operations at WF Company and, therefore, service management is an important element in
order to make sure that IT services do add value to business strategies and processes.
Achieving efficiency in such services has implied for the organization an evolutionary
process in the incorporation of IT to their productive and business processes, based on the
following principles (Lucio-Nieto & Sanchez Trejo, 2010): Generate value for business
units being serviced in Mexico through dependable, predictable service; innovate as a part
of day-to-day living; generate productivity; being a source of talent for WF Company; and
being a strategic business partner. Such evolution and embracing of principles has led WF
Company’s IT area, in a bit over a decade, to a series of transformations, as described
below (Sanchez Trejo, 2017):

e Shift from a local function to a Shared Services model, integrating services
and leveraging resources under an economy of scale.

o 1999-2006: establishment of a Shared Services model as a result of the
consolidation of WF Company firms in Mexico, thus strengthening services
under a Technology outsourcing model such as the Data Center and
Telecommunication Services.

o 2006-2007: End user care services were integrated under a service
multisourcing model, some of them include: Service Desk, as the single point
of contact to address the demand for IT services; Field Services, which
addresses the need for IT services in the field in a timely manner, thus
establishing clear principles of Service Levels.

o 2008 — Up to date. Consolidating business applications in ERP and
applications to address the needs of the single model for business processes
that deal with WF Company’s value chain in Mexico.

e Improving the IT Service model

o 2007-2009: A vision of IT is created based on a focus on customer

satisfaction along all WF Company business units in Mexico.

2007-2009: A standard service portfolio is defined.

2008-2011: An operating model and a service-driven, process-based
organization to support such management (under the ITSM principles) are
created.
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e |IT Globalization (2011 up to date)
o A new identity for IT is created with a global vision for all geographies
where WF Company has presence throughout the world.
o Work is conducted under a model that seeks to maximize resource
leveraging, thus generating productivity based on economies of scale with a
focus on continual improvement and innovation processes.

2.2.1. ITIL implementation at WF Company

The relevant aspects of ITIL implementation in WF Company Latin America are described
in this section. As mentioned above, in the 2000-2007 period, the IT organization was
focused on seeing to it that everything that was done, would be of use a system for
operation and marketing control, but by doing so the IT department lost the point of contact
where they were close to the business and the end user, and the question arose: How to
align IT with the business? As a part of the solution, a consulting firm was contracted and
the first question had to do with the governance model, which was not consolidated. This
revealed that the organization was not used to talk in such terms as: methodology,
frameworks, governance, ITIL or COBIT (Ramirez, 2009). It was so to such an extent that
in the initial stages of the implementation of ITIL, it was never seen as a stage where the
individuals involved would say “we are implementing ITIL”. Even the name ITIL itself
was of little importance for IT personnel, for the only intent was to get organized so as “to
be able to respond better to customers and users”, because they were considered to be the
ones who paid for service. Therefore, ITIL implementation came about because of the need
to organize the operation of IT services. Here it must be stressed that this first stage of the
implementation occurred after the company became organized in business units.

And so, the main objective of implementing ITIL practices was to improve and maintain an
adequate level of quality, cost and time for technology services for the firm. The ITIL
processes implemented were: incident management, problem management, change
management and configuration management. In order to conduct this implementation, a
cycle was implemented considering the following phases: initial assessment of the way the
practices for such processes were, showing what could be done differently, joint design
among areas and regions, internal training and certification in the implemented processes,
coaching during operation start-up, execution by the company on its own, feedback and
adjustment period (Lucio-Nieto & Sanchez Trejo, 2010).

Considering the timeline for ITIL implementation, it began in 2008, as a local initiative in
Mexico and, in view of the results, the processes began to be implemented in all other
regions in Latin America. This execution was divided into 3 stages in order to consolidate
the adoption of processes and achieve business objectives (Lucio-Nieto & Sanchez Trejo,
2010). The rest of the implementations occurred by Region (which is the way they are
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organized in BIS? in order to support the business) in this order: CARICAM September
2010 (Guatemala, Dominican Republic, Puerto Rico, Panama, Costa Rica, Honduras, El
Salvador), the Andean Region February 2011 (Colombia, Ecuador, Peru and Venezuela),
Brazil April 2011, South Cone Region June 2011 (Argentina, Uruguay, Chile); that is, 16
countries in all, where ITIL-based service delivery was implemented.

2.2.2. ITIL operation and the need for an SMO

The first implementation of ITIL at WF Company started in December 2008 (in Mexico)
and was completed in mid-2011 (South Cone Region). Within this context, it became
evident that there were regions with a far more advanced maturity level with regards to the
operation of the four implemented processes. By the time ITIL implementation was
completed for the South Cone Region, it had already been in operation in Mexico for a
couple of years.

Although the Latin American sector was operating under ITIL processes (incident,
problem, change and configuration management), in the same line, attempts were being
made to stabilize process operation in each Region. A post-implementation review was
conducted, which was intended to identify the level of maturity and compliance of the
processes in all of the Regions. Such assessment revealed the existence of different
maturity levels for the processes in the various Regions, and a series of needs were detected
for both business and BIS that would eventually result in the implementation of an SMO.
Among the needs that were identified as related to management it was found that there
should not be large deviations in processes, so as to ensure that operation would be similar
in the various Regions, that is, to align them so that they would be managed as processes.

2.2.3.  The creation of an SMO at WF Company

As a result of BIS’s concern to provide technology services to the highest quality standards
in order to deliver business-oriented results such as: accelerating service solution times,
having a positive impact on services related to critical sales / production / logistics /
shipping processes, improving availability levels (Ramirez, 2011), and the results of the
assessment described in the above section, the need to establish an SMO was identified, and
its scope was stated as follows: (1) establish all Service Manager communication, who was
responsible for Latin America’s SMO, (2) establishing the mechanism or operating model
to request changes or modifications to processes, tools or roles for the four processes that
had been implemented, (3) do so through an audit scheme where a formal entity is located
that oversees the way processes operate in all of the regions, so as to match this operation.

2 Business Information and Solutions (BIS): name of the department in charge of managing WF Company Latin
America’s IT services. It was oriented towards installing four main ITIL processes: incident management,
problem management, change management and configuration management.
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With regards to the participation of the SMO in the IT service design strategy, in 2012 the
fundamental processes dealing with incidents, changes, configurations and problems were
in place, which resulted in a one-year-long implementation of a governance model in terms
of communication, where all indicators were revised — not process indicators, but business
ones — so that they were aligned to BIS strategy in order to facilitate the availability of the
services now existing for the business’ value chain. The overall SMO model proposed is
shown in Fig. 1.
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Fig. 1 SMO Model operating at WF Company Latin America

2.3. Lessons learned

While ITIL is one of the most widely used and recognized frameworks in IT service
management (England, 2011; Gérvalla, Preniqi, & Kopacek, 2018; Hirt & Melander, 2010),
it is not exempt from having weaknesses such as the fact that it only describes what has to
be done for ITIL implementation; it even only suggests the creation of a Service
Management Office (Cannon, 2011), but it fails to describe a methodology or guidelines on
how to do so and, even more importantly, what to do after its implementation, and it also
fails to provide a clear indication that it is an evolutionary process (Lucio-Nieto & Sanchez
Trejo, 2010). It should be emphasized that there is evidence that holding an ITIL
certification is not a warranty of its adequate adoption or execution (England, 2011; Lucio
Nieto & Gonzélez-Bafiales, 2016; Pollard & Cater-Steel, 2009) as evidenced in WF
Company in the early stages of its implementation of ITIL. As a consequence, ITIL as a
framework, requires taking care of a series of factors to achieve successful operation and
functioning (Nenic¢kova, 2011), and one such factor is the operation of an SMO (Fry, 2008;
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Montgomery, 2011). In the case of WF Company, an SMO has been identified as a means
for aligning the Service Management (SM) strategy, resources, processes and tools to
business objectives.

Considering the above, the main lessons learned in the WF Company case in the
implementation of an SMO for Latin America are described below. The lessons are
classified in three categories: people, processes and technology, considered as ITIL post-
implementation success factors (Iden & Langeland, 2010; Neni¢kova, 2011) and key
elements to be considered in designing and operating an SMO (Roller, 2009).

2.3.1. People

The main challenges to be overcome - and the ones WF Company faced after implementing
ITIL — were: Many priorities, which made it difficult to be 100% focused on compliance
with ITIL processes or implementing more processes; personnel operated with individual
objectives that were not aligned to the organizational goal, but the goal was not always
related to BIS process execution, continual improvement or roles; what would happen with
roles? People were saturated and there would not be more hiring; inadequate perception of
ITIL, being perceived at times as the end in itself and not as the means for providing good
service; inadequate skills for change management.

2.3.2. Processes

The processes defined to be run by the SMO are: communication management, execution
of Committees at the three levels (Executive, Tactical and Operational), change
management for SMO processes and tools. Additionally, the ITIL processes that are under
its custody are: incident, problems, changes and configuration. The SMO provides support
for governance and management of the processes together with control management and
responsibility for field services (Peres , 2017).

Considering that the processes are a part of the success factors in IT service management, it
should be taken into account that (1) adequate techniques and tools must be applied, (2) IT
and the related business processes must be aligned, (3) there must be follow-up and
measurement (Neni¢kova, 2011; Pollard & Cater-Steel, 2009), and (4) there must be a clear
vision of the benefits of adequate process management both individually and as a set (Tan,
Cater-Steel, & Toleman, 2009).

In order to establish the criteria to be used to prioritize the processes to be implemented
within the SMO, aspects related to technology, service and process governance for SM,
application support and solution delivery were considered. Then, the following questions
emerged: How does one go about innovating, being productive, making progress in terms
of image and in terms of service quality? How to help transforming the business? What are
the basic things one has to do in order to have a positive impact on the value chain for the
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main business processes in Latin America? The answer was: “going back to the basics”,
that is, making sure that what today is in a production environment is being offered in a
standard way and making it more effective. The above defined the priority for what WF
Company might call the “foundation” of SM.

2.3.3. Technology

Technology is considered to be one of the success factors in the implementation and post-
implementation stages of ITSM frameworks (Aubry, Hobbs, Muller, & Blomquist, 2010;
Pollard & Cater-Steel, 2009), and this applies to the SMO too — which is a part of it (Lucio-
Nieto et al., 2016). Considering that organizations nowadays depend upon the use of IT to
execute their processes, maturity in systems and information architecture in general is
necessary, because with robust and mature technologies it is possible to have processes and
services that are available, timely and properly to the end users who require them. Its
presence is specially vital when processes used within a shared service model are related
with each other in some way (Roller, 2009).

2.3.4.  Main results of the implementation of the SMO at WF Company

The process for implementation of the SMO at WF Company lasted two months and two
post-implementation verifications were conducted to validate compliance of the objectives
established for the SMO. It must be mentioned that SMO processes and practices were
tailored to the specific needs of the company. Following is a description of the main results
perceived from the implementation of the SMO in 2012 (Peres , 2017):

e The main improvement perceived has to do with the identification of opportunities
and improvements regarding operation, that is, the identification and correction of
all recurrent incidents thus improving availability times for business critical
services. Additionally, indicators have been created that allow measuring business
process availability and improve the visibility of the value delivered by IT as a
business partner, together with the launching of a communication campaign based
on a monthly bulletin featuring the main indicators, projects and main points to be
followed during the month (Peres , 2011).

e The framework for definition of the SMO has been of use as a formal guide for
process implementation vs. the best practices consulted, but more so from an
execution than from an implementation standpoint, and with a focus on service for
the organization.

e It has been identified that the SMO must be sustainable, thus ensuring in turn, that
processes last, with an orientation towards continual improvement.

e The SMO has helped align IT efforts to deliver business value and generate
results, thus optimizing costs in terms of service and integrating three aspects: new
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capacities (being able to have best practices), productivity (being able to have
aspects such as resource leveraging for various business needs), and service
quality (measuring user satisfaction), it all based on a tool allowing making
decisions in a timely manner, which has been instrumental for BIS in terms of
direction and operation.

e  The main positive impacts of the SMO that have been identified: Elimination of
“gray areas” regarding service management governance; elimination of meetings
regarded as “on the fly”, to find out how process management is doing; and results
can be known in terms of benefits with measurable, quantifiable and sustainable
indicators through time.

e Remarks from the personnel involved in the SMO have been: Service quality is
being measured in terms of customer satisfaction and service performance; now
there is awareness that indicators and commitments with the business are one
thing, and the perception of people from the various areas receiving service
(customer experience) is quite another, which allows for measurement through
some mechanisms; and an SMO is a means, a complement, rather than the
fundamental part, it goes beyond having an IT governance initiative; it reflects and
displays the benefits of the way of working of BIS in business day-to-day
operation.

e Prior to the implementation of the SMO there was an area known as Service
Management, which focused on monitoring operation and performance. Since the
SMO was designed, its focus has shifted, to a greater extent, towards service and
process governance.

An assessment of new services, processes and tools is provided, and it raises awareness that
it is important to get organized first in order to be able to be focused as an SMO. Just as the
positive impacts have been identified; the negative ones have also been pin-pointed; they
include: A perception of work overload by the personnel involved; natural resistance to
change; knowing how to manage change in people, for rework has been generated in the
process.

3. Conclusions

For WF Company Latin America’s BIS area it is clear that IT must deliver capacities for
the organization and for processes to provide an environment with integrated services, fully
aligned to company objectives, and improvement in IT quality and cost (Lucio-Nieto &
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Sanchez Trejo, 2010). This is a fact that has led this area to implement initiatives that have
allowed managing IT services more efficiently, seeking to support the company’s mission:
“... being the first convenience food and drink company... offering value to investors while
providing opportunities for growth and enrichment to our employees, our commercial
partners and to the communities where we operate...”

The lessons learned in the evolutionary process of IT service management, from the ITIL
implementation, up to the SMO, lead to conclude that the more people there is, the more
communication is needed; that support is required not just from top management, but also
from intermediate level managers and supervisors; that IT personnel need to be trained in
the areas related to best practices in IT services; and, perhaps more relevantly, to realize
that an evolutionary process is required where a part of the key to success in achieving
better results is people and a focus on generating business value, that is, meeting customer
actual needs such as Sales, Production, Logistics and other business areas (Lucio-Nieto &
Sanchez Trejo, 2010).

The greatest changes derived from the improvements in IT service management were being
able to migrate from a function model to a service model: to go from management of cost
by function to management by service; from an order taker to a focus on business
transformation initiatives; from a portfolio management based on applications to a process
based on flexible governance; from IT-based roles, to collaborative and cross-functional
ones (Peres , 2017).

The case analyzed reveals, as the main challenge in the implementation of an SMO, change
management in organizational culture and awareness raising regarding the importance of
the inter-relation among IT service management processes as a part of a continual
improvement process, for it implied making adjustments to the organizational structure in
order to be able to define the SMO as the integrating point for processes, technology and
people, to provide IT services to the whole organization in an efficient manner. In order to
prioritize the process to be implemented within the SMO, technology, service and process
governance must be taken into account for a more efficient management of SM services.
An SMO must be sustainable, that is its benefit, because there must be roles allowing for
constant evolution.

The authors consider that the results presented in this case may be applicable not just to
companies sharing WF Company’s characteristics: multinational and multiproduct, but they
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can also be extrapolated to other types of sectors. The SMO model analyzed (Lucio-Nieto,
2011; Lucio-Nieto & Colomo-Palacios, 2012) was designed so that it could be adapted
according to the IT service management needs of the company requiring it. Its bases are
derived, mostly, from frameworks and best practices such as ITIL and COBIT, as
commented by Rozemeijer (2007): “The available frameworks do not commonly fit as the
pieces of a puzzle. In must be taken into account that they were created by different people,
at different times, in different places, in different ways, for different reasons, focusing on
different phases of the lifecycle, functions, processes, results and aspects, with varying
degrees of granularity, precision, quality and consistency. Together they are an integrated
image that can act as an umbrella to assist an organization in implementing multiple
frameworks successfully.” Considering the above, this work suggests the searching and
documentation of the lessons learned by companies from various sectors in their processes
for implementation of an SMO and an appraisal of their usefulness for IT service
management.
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Abstract

A common conception that students have in mechanics courses is that a force
is needed to maintain motion. Our work approaches this problem from a p-
prim perspective with a comparison to the historical understanding of force.
From a p-prims perspective, momentum is proposed to substitute force as a
maintaining agency to motion. By a comparison with history, it is shown that
a similar problem occurred in the development of the concept of force, which
led to a similar solution to the one proposed in our work. As a result, a
teaching plan and activities are prepared to introduce the concept of force
through the concept of momentum. In this work, the main activities of the
plan are discussed, as well as the results of a preliminary research based on
its realization in a classroom.

Keywords: momentum, force, teaching plan, history, p-prims.
1. Introduction

Since the first introduction of physics in history by Aristotle, understanding force and
motion was the most problematic. However, that understanding was important for science,
as the concept of force is one of the corner stones of physics. But just as this concept
became a stumbling block for physicists in the past, it seems it became a problem for
students today as well. McDermott (1997), for example, mentions many different studies
that have dealt with students’ understanding of force and motion. It seems that the most
problematic and reoccurring preconception is that an impetus, an internal motive force, is
needed to maintain motion.

In our paper, we focus on this preconception as we discuss it from two different viewpoints,
the viewpoint of phenomenological primitives (p-prims) and the viewpoint of history. We
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believe those two viewpoints offer a significant advantage for the discussion about
students’ understanding of force and its effects on motion. Using the analysis of history and
p-prims we offer a few recommendations for teachers to use in physics courses. The
recommendations have been included in a teaching plan used over the course of the past
few years in Slovak schools. A brief discussion of the effectiveness of the plan is also
included in our paper.

2. The Viewpoint of P-prims

While preconceptions are understood to be “strongly held, stable cognitive structures; differ
from expert conceptions; affect in a fundamental sense how students understand natural
phenomena and scientific explanations; and must be overcome, avoided, or eliminated for
students to achieve expert understanding” (Hammer, 1996), phenomenological primitives
or p-prims can be understood as “intuitive knowledge that constitute people’s ‘sense of
mechanism,’ their sense of which happenings are obvious, which are plausible, which are
implausible, and how one can explain or refute real or imagined possibilities” (diSessa,
2016). P-prims are not considered to be incorrect on their own. Their activation in certain
contexts however is not desired.

In other words, while preconceptions are usually connected to a certain theory or a concept,
p-prims are more basic and can be activated with different theories. For a clearer
understanding of how p-prims work, we will show how they appear in the context of force
and momentum. For these concepts, the main p-prims which we need to consider are:

e Maintaining agency: for a mechanism to function there must exist an agency that
maintains that functionality, e.g. an engine maintains the motion of a car, or
motion implies a force.

e Actuating agency: this p-prim simulates the law of causality. There must exist
something that causes a certain effect, e.g. a hammer causes a bell to ring.

e Dynamic balance: a pair of effects that are equal in magnitude but in opposite
directions balance and cancel each other.

e Overcoming: when one effect or influence overpowers another.

A more detailed list of p-prims can be found in Kortland’s Handboek natuurkundedidaciek
(Kortland & Poorthuis, 2017).

In the context of force, students often encounter situations where maintaining motion
requires a force. Such situations activate the maintaining agency p-prim and builds the
preconception that force is proportional to velocity. However, unknown to the student is the
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fact that what he is experiencing is not a force working as a maintaining agency but as a
dynamic balance to resistance. The true function of a force, if it is the only one affecting an
object, is changing the momentum of that object.

That is why, we believe that in order to build a correct understanding of the role of force, it
is important to introduce the true maintaining agency for motion before getting acquainted
with the concept of force. We propose that the physical quantity which can be considered as
a maintaining agency to motion is the momentum of the object. The main reason for this
proposal is that conservation of momentum, although itself stemming from the role of
force, is the law that keeps an object moving in case there are no external forces affecting it.

Only after the correct identification of the agency maintaining motion, the role of force can
be truly identified as the actuating agency for motion, i.e. changing the momentum of the
object. When the role of force is identified, a correct interpretation of previous experiences
can be achieved through activating the dynamic balance and overcoming p-prims.

While a p-prims perspective offers much insight into the problem of understanding force, it
is interesting that this perspective is paralleled in the way the concept of force developed in
history, which in itself presents another positive argument why momentum should be
introduced as the maintaining agency for motion.

3. A Parallel in History

To look at the historical development of the concept of force means to start with Aristotle
and his book Physics. In it he mentioned a few ideas about force, of which the most
important is that force is proportional to velocity or in his own words:

“Let the motive agency be a, the moving body be B, the distance travelled y and the time
taken by the displacement 8. Then an equal power, namely power a, will move half of
along a path twice y in the same time, or it will move it through the distance y in half the
time 8. For in this way the proportions will be maintained” (Dugas, 1955).

This force was believed to be external as well as the cause of what Aristotle called, violent
motion. As force according to Aristotle is always caused by an object in direct contact with
the moving body (Baez, 2008), a definition of another type of motion, not caused by force
thus defined, was needed. Aristotle therefore defined natural motion, as opposed to violent
motion, as an object’s tendency to move upwards to the heavens, which he called ‘levity’,
or downwards to the center of the earth, which he called ‘gravity’ (Miao, 2016). Aristotle
also indicated, when speaking of gravity, that the velocity of a falling object is directly
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proportional to its weight and indirectly proportional to the resistance of the medium (Baez,
2008).

One of the first people who criticized Aristotle's notions was John Philiponus of Alexandria
in the 5th century. Philiponus laid the foundation for the theory of impetus, even though he
never used the term in his work. His criticism was based on the fact, that Aristotle's
mechanics gave a feeble explanation to the motion of a thrown projectile. Philiponus was
one of the first who considered that the motion of a projectile after being released is due to
a property of the object, while Aristotle claimed that the motive force is transferred to the
air surrounding the projectile. Understanding that the medium does not maintain the motion
of a projectile also lead Philiponus to grasp its true role in motion, which is resistance
(Wildberg, 2016).

Philiponus’ ideas were widely rejected until the 14th century, even though his work was
known to many such as Albert Magnus and Thomas Aquinas. However, in the 14th century,
his work became the basis of Jean Buridan’s theory of Impetus (Hecht, 2015), which was
formulated as following:

1. impetus is a kind of power, existing in the physical world, which is able to move
objects in the same direction as the impetus itself,

2. impetus can be imparted to an object from another object,

3. depending on the amount of impetus imparted to an object, the object moves
correspondingly to that amount,

4. impetus can be dissipated or weakened by the resistance in the medium,

5. because impetus can be either rectilinear or curvilinear, the motions produced by
the impetus can also be straight or curved.

Even at first glance, we can notice parallels between the theory of impetus and momentum.
The only exception is the 5th point, which uses impetus to explain motion on a curve.
Buridan even proposed that impetus is the product of the amount of matter and speed
(Graney, 2013) which can lead us to the following formula to calculate impetus:

I =mv

The theory of impetus became the stepping stone for defining momentum and its role in
motion. Some, as was Albert of Saxony, used impetus to explain why a falling object does
not infinitely increase its velocity but reaches a certain limit (Dugas, 1955). While others,
like Galileo and Huygens, built upon the theory to reach the first correct understanding of
inertia. In Galileo’s Discorsi, for example, we can read the following: “l imagine a moving
body thrown on a horizontal plane without any obstacle. It is said that its motion on the

plane will remain uniform indefinitely if the plane extends to infinity” (Dugas, 1955).
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Reaching a correct understanding of momentum, through the previous theory of impetus,
finally led to understanding the role of force as the cause of change in an object’s
momentum. This understanding culminated with the definition of Newton’s three laws of
motion, of which the first two explain the role of force and how the lack thereof causes an

object to continue in its motion, not stop as was previously believed.

The historical development of the concept of force offers three important lessons, which are

in agreement with the p-prim viewpoint:

e itis natural for intuition to assign force the role of maintaining agency,

e once force is assigned the role of maintaining agency, it becomes hard to discern
the true role of force,

e itis important to understand the concept of momentum before the role of force can
be correctly understood.

4. Recommendations for Teaching

As both history and p-prims seem to support the fact that understanding the role of
momentum as a maintaining agency is an important step for understanding the concept of
force, we offer a few recommendations for teachers that they can implement in their
classes:

1. As understanding the role of momentum requires understanding the concept of
momentum, we believe that momentum should be introduced before force early in
a physics course.

2. To strengthen the connection between momentum, force and their roles in motion,
we recommend not using the traditional division of concepts into kinematics and
dynamics. Instead we believe momentum can be connected to uniform linear
motion, while force can be connected to motion with constant acceleration. In our
own mechanics course, we have settled for the following order of teaching the
above-mentioned concepts: uniform linear motion, momentum and the
conservation of momentum, force and its effects, motion with constant
acceleration, combining forces and Newton’s laws of motion.

3. After thoroughly analyzing momentum the concept of force should be introduced
as the mutual interaction of two objects. Subsequently its role as an actuating
agency for motion can be discovered with an activity, where students observe the
effects force has on motion. Students release a ball on an inclined plane from a
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fixed height. At the end of the inclined plane students lay different materials on
which the ball should move. Then they observe how fast the ball stops moving on
different materials, which leads them to observe the effects different friction forces
have on motion. After observing that a larger value of friction force leads to the
ball stopping faster, they are led to think about and discuss what is needed for the
ball to never stop moving. Through this activity students can observe that force
changes the momentum of the object, while also can reach the understanding that
it is momentum which maintains motion not force.

4. When students have been introduced to combining force and Newton’s laws of
motion, an important activity for students is finding forces affecting objects in
different states of motion. One example of such motion is a car moving with a
constant velocity on a flat plane. A typical student response for this example is to
draw a net force affecting the car in the direction of motion. The teacher does not
dismiss the idea right away but acknowledges the existence of a physical quantity
in that direction, and then he shows it to be the momentum of the car not a net
force. This way, the teacher reinforces the idea that constant velocity is connected
to momentum, or that the maintaining agency of motion is momentum, while force
is its actuating agency.

The above-mentioned recommendations have been implemented in three different classes.
The first of them presented a preliminary research of the effectiveness of the plan. The class
was composed of a group of 20 students 15-17 years old. Using the Force Concept
Inventory (FCI) test developed by Halloun and Hestenes (1992) the classroom achieved an
average score of 20% in the pre-test and 69% in the post-test. We consider this to be a
significant gain considering that we focused only on the concept of force in linear motion,
which is not the only topic covered by the FCI test.

The two newer classes represented the first stage of a larger research to understand the
effects of the plan prepared based on our previous recommendations. An interesting result
immerged in students’ responses through different activities in those classes. For example,
when introducing the concept of centrifugal force, students analyzed forces affecting a
rotating object. Most of the students chose to draw momentum in the direction of motion
right at the beginning to avoid confusing it with net force. This shows that assigning the
role of maintaining agency to momentum can have a significant effect on students
understanding of forces. Another interesting effect was when considering motion after
centripetal force ceases to act on an object. Students not only correctly observed that the
object will continue to move on a straight line, but the explained their hypotheses using the
understanding of momentum as a maintaining agency, for example a student’s reaction was:
“the centripetal force stops acting on the ball after leaving canal, therefore it only has its
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momentum now. The constant momentum will cause the object to continue in its path
without changing it”.

The FCI test was applied on those two classes as well. The classes consisted of 28 students
15-17 years old. The pre-test achieved a result of 21% while the post test achieved a result
of 73%. We do not consider those results telling as per the small number of students in
classes and therefore we point to the qualitative effects of the plan as a better basis for
evaluating those effects. However, both the quantitative and qualitative results of the plan
will be thoroughly examined throughout the next few years.

5. Conclusion

Most physics teachers have met with the student preconception that a force is needed to
maintain motion. In our paper we analyzed this preconception through a p-prim point of
view, where we saw that the main problem is that students assign the role of maintaining
agency to force. To avoid such assignment, we proposed that the role of maintaining
agency should be occupied before students are introduced to the concept of force, and that
the role of the maintaining agency should be given to momentum. By taking a brief look at
the historical development of the concept of force, we saw that a similar problem has
occurred in history and needed a similar solution to what we proposed.

Based on the p-prims viewpoint and on the historical parallel, we offered a few
recommendations for introducing the concepts of momentum and force. Two of the
recommendations were focused on the order of introducing the taught concepts, while two
were focused on activities that help emphasize the roles of momentum and force in motion.
While the results of preliminary research and the first phase of a broader research were
encouraging, the broader research project is still underway to verify the effectiveness of a
plan based on our offered recommendations.
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Abstract

The paper describes a simple method of measuring the speed of light in water
using the wave properties of light. The tools used are a compact disk (CD),
an aquarium, a laser pointer and a ruler. The key tool is a CD of which the
reflective layer has been scratched off. Using the comparison method, we
compare the speed of light in water with the already known speed of light in
air. The measurement itself will be realized using a ruler and a graph paper.
Other than measuring the speed of light in water, the activities offers an
experimental proof that during light refraction the wavelength of the light
changes while the frequency remains constant, which is an important but not
trivial fact about refraction.

Keywords: Speed of light, simple experiment, wave properties, frequency,
wavelength.

1. Introduction

Throughout this paper, we will describe a series of activities with light refraction which
have two main goals: measuring the speed of light in water and showing that the
wavelength of light, not its frequency, changes during refraction. The secondary goal is a
statement which is often mentioned in textbooks but is not explained. Take for example
Giancoli’s Physics: Principles with Applications, which states that “when a light wave
travels from one medium to another, its frequency does not change, but its wavelength
does” (Giancoli, 2014). This statement is not accompanied by any experimental reason for
it. That is why we believe that experimentally observing the wavelength changes in
refraction is very useful and important for physics teachers. While Snell’s law is based on
the idea that the wavelength of light changes when the medium changes, it is not an obvious
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conclusion. Newton, for example, believed that the cause of refraction in water is that light
goes faster in water than in air. Our experiment directly shows what quantity is changing
during refraction.

The whole series of experiments discussed in this paper will require that students be already
introduced to light diffraction and its interference on a diffraction grating. The activities are
planned for two 45 minutes lessons, of which the first one is focused on preparatory
experiments, which can be realized in an interactive demonstration form, if the teacher does
not have enough tools for the students to use. This lesson ends with clarifying the
theoretical background of the final experiment, i.e. measuring the speed of light in water
using a diffraction grating. The second lesson is therefore focused on the realization of the
experiment itself. The activities are proposed for slovak high students, however it can be
realized at higher levels of education as well. The activities are not recommended for lower
secondary education as it requires a great deal of abstraction.

Our paper is divided into two main sections: the preparation needed to successfully
implement the activities and the implementations of the activities along with the steps of
the implementation.

2. Experiment Preparation

The preparation of the experiment can be divided into two parts: Safety percautions and
tools preparation for the experiments.

As for the safety percautions, it is important to note that in our experiments, we will be
working with laser pointers. This means that students must be notified about the importance
of being cautious when using lasers, especially to not hit the eyes, which can cause eyesight
damage. Throughout all our experiments we must use lasers with a power only up to 1
mW. There can be no chance of the laser hitting the eye, which means the teacher must
closely watch student activity. That is also the reason why the used CD is without a
reflective layer. Throughout the whole experiment, all of the equipment, including the laser,
should be stationed at a safe distance from their eyes. For example, the students should
stand during the experiment if the equipment is stationed on a table. Another
recommendation for the experiment is to be used in a class no larger than 18 students, so
the teacher can keep an eye on students’ work.

The main tool of our experiment is a CD of which the reflective layer has been scratched
off. Although the CD can be used without removing the layer for other experiments with
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diffraction, as has been stated in the works of Banik (2006), N6ldeke (1990) and Velentzas
(2014), we decided for removing the layer for increased safety.

To remove the reflective layer from the surface of a CD we use the following steps:

e scratch off an area about 2 mm? from the surface of the CD using a knife or
SCissors,

e puta piece of duct tape on the scratched surface,

e quickly remove the duct tape from the scratched surface.

These steps should leave us with a part of the CD clear of any reflective material. The steps
can be repeated until the whole CD is clear of the reflective material as is done by
Balachandran (2019) for example. The clear CD becomes a good diffraction grating. If we
point a laser at the CD, we will be able to see the interference of the waves on an obstacle
behind the CD. Using a CD prepared in such a way we can measure the grating constant of
a diffraction grating using a light source of a known wavelength (Ung & Eve, 2016), while
we can also determine the wavelength of a light source when we know the the distance
between the grating lines on a CD (1.5 um). While our activities are focused on measuring
light speed in water, we believe it is important to carry out one of the aforementioned
experiments before continuing with our following activities.

3. Experiment Implementation

As we have mentioned in our introduction, the goal of our first lesson activities is to review
and strengthen the information they know about the wave properties of light, specifically
interference behind a diffraction grating. Therefore, we assume that students have already
met with light diffraction on a grating or that they have at least realized an activity using a
diffraction grating such as the ones mentioned at the end of our previous section. Using
their knowledge from those previous activities, students try to plan an experiment to
measure the speed of light in water using the comparison method.

When implementing the activities we try to use interactive engagement methods (Hake,
1998), which means students do not only carry out the experiments, but they also solve
problems where they have to make predictions. When implementing a specific experiment
students work in groups, but they draw up their own predictions and write them down in
their worksheets. The teacher can alternatively realize the experiment as an interactive
lecture demonstration (Sokoloff & Thornton, 2004).
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The activities to be realized in the first lesson are as follows:

First Experiment: Comparing the interference maxima of light diffraction on a grating for
different colors of light.

Goal: The main goal of the first experiment is to strengthen students’
understanding of how interference patterns are created on an obstacle when the
light of a laser pointer crosses a diffraction grating. The key point of this activity is
a discussion about the following question: “How will the interference pattern on
the obstacle change if we use a green laser instead of red one to go therough the
CcD?”

Discussion and inquiry: Students offer their predictions of the result of the
experiments. During the experiment itself, a discussion should occur between
students about their predictions. It is important that students try to formulate and
explain their predictions. Students should formulate their predictions before they
see the result of the activity.

Conclusion: The conclusion of this activity should be the strengthening of the
idea that the interference pattern is explained through the difference between
distances crossed by the light. If that distance is a multiple of the wavelength then
we get an interference maxima on the obstacle. In other words, changing the
wavelength of light has a direct effect on the change of interference maxima.

Second Experiment: Comparing the interference maxima of light diffraction for different
optical media.

Goals: Throughout this experiment, students should use the results of the previous
experiment to predict and explain the results of the current one. They should
consider how the interference pattern will change when the light will go through
water instead of air. The questions that students should get is: “How will the
interference pattern change on the obstacle, if the light of the laser moves through
water instead of air?” Just as with the previous experiment, it is important that
students discuss and predict the results before realizing the activity with water to
get the final results.
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Fig. 1 The CD is on the front side of the aquarium, we can see the interference maxima on the graph paper

Discussion and Inquiry: The experiment is realized using an aquarium. Students
first turn on the light through the CD in an empty aquarium. Then after they
discuss and predict the results for light moving in water, they fill the aquarium
with water (figure 1) to get the final result.

Conclusion: Through this experiment we can see that the interference maxima are
closer to each other in water than they were in air. This can lead us to the
conclusion that the wavelength of light becomes shorter when passing through
water than when it was passing through air. This means it is the wavelength that
changes during refraction not the frequency of light.

Preparing the final experiment: Measuring the refractive index of water using a CD.

Goal: Using the result of the second activity we can propose a way to measure the
speed of light in water. Throughout this phase, we can give students the space to
figure out and prepare the measurement. We do not expect that all students will be
able to succeed, so we do not use a summative evaluation on their work.
Conclusion: The final result from this activity should be the equation to be used
for measuring the refractive index of water and therefore the speed of light in
water as well.

Theoretical background for measuring the refractive index of water: Using the
comparison method, we compare the speed of light in water with the known speed of light
in air. The measurement itself will be done only using a ruler and a graph paper.

We prepare an empty aquarium. On one of its internal sides we tape or glue our previously
prepared CD. On the other side of the aquarium, from the outside, we tape a graph paper.
The laser pointer is pointed perpendicularly to the CD at such a height that all the
interference maxima are on the same horizontal plain. Also the outer maxima should be at
equal distances from the middle maxima (figure 1).
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Fig. 2 A sketch for measuring the distances in the empty aquarium

Using this configuration, we can measure [ the width of the agarium and y the distance
between the middle and the outer maxima (figure 2). We subsequently fill the aquarium
with water. The interference maxima move closer together. We measure the distances of the
new maxima (figure 3).

a;
Vi

Fig. 3 A sketch for measuring the distances in the aquarium when filled with water

When we consider that the outer maxima had formed because of the difference in distances
crossed by the light eminating from different slits (figure 4), we can derive the refractive
index of water using quantities which can be easily measured in our experiment. It is
therefore not important to calcualte the distance between the grating lines in the CD, neither
do we need to measure the wavelength of our used light in water. Such calculations would
only increase the mistakes in our final result.

A

Fig. 4 The difference in distances for outer maxima
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Using the wave properties and diffraction of light from figures 2, 3 and 4 we can
mathematically derive the equation for measuring the refractive index of water. In the
following derivation, A is the wavelength of our light in air, A, is the wavelength in water, ¢
is the speed of light in air, ¢, is the speed of light in water, f is the frequency of the light
which, as we have seen in one of our previous experiments, is the same in air and water, b
is the distance between the grating lines of the CD, y is the distance between the outer
maxima and the middle maxima in air, y, is the distance of the maxima in water, a is the
distance crossed by the light from the laser pointer to the outer maxima in air, a, is the
distance between the laser pointer and the outer maxima in water and finally [ is the width
of the aquarium.

A= (1)
A =2 2
5= ©
e (4)

o= 7T B (5)
= YA (6)

Using equations (1) — (6) we can derive the final equations for the refractive index of water
and the speed of light in water as following:
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Both the refractive index of water and the speed of light in water are a function of the
distance of the maxima and the width of the aquarium. These lengths can be easily
measured using a ruler and a graph paper. Of course, students have a problem with editing
formulas mathematically, which means the teacher should work with them slowly and
carefully. Students should individually formulate or at least repeat the meaning of every
new equation as often as possible.

1 =
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At the end of the first lesson, students should prepare a detailed point by point plan for
measuring the speed of light in water based on the theoretical background. If the lesson
time does not suffice for such an activity, it can be offered as a homework for students.

During the second lesson, students carry out the measurement of the speed of light in water
using the comparison method. Students work in groups and should achieve a result
calculated using the measured values. The resultant refractive index is compared to the
textbook value. Students require only a small amount of precision to achieve a very precise
measurement of the refractive index and therefore the speed of light in water.

4, Conclusion

Using the proposed series of experiments student can observe that light in water has a
different wavelength than in air. This means that the wavelength changes on the air-water
interface causing refraction. Students can also observe through these activities that
knowledge in science is achieved through the itnerpretation of observations, measurements
and the results of experiments which is important to better understand the nature of science.
While the experiments can probably be used to measure other properties of light, or the
medium, we have not yet considered this in closer detail. One option that presents itself is
using different liquids instead of water supported by a discussion with students.
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Abstract

In a world defined by rapid change, the search for solutions to societal
challenges has become more complex calling for new paradigms of
innovation focused on collaborations with the community and users. Co-
creation approaches in the design and production of a service or product can
bring low-cost innovation and unique and personalized customer experiences
leading to user acceptance of a product or service.

Under a co-creation perspective, the participatory approach developed in the
MINDInclusion project aims to improve the inclusion of people with
intellectual disabilities into public places and society by using a co-created
online tool based on personal experiences of people with disabilities. Paying
special attention to the Design thinking method, the main goal of this
experience was to co-create cognitive accessible design tools that guide the
collection of users and other stakeholders experiences in the process of
defining problems and solutions.

To this end, 14 researchers and educators worked defining together a set of
guiding exercises and design thinking methods for the 4 co-design cycles.
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As a result two tools were developed to gather information to recreate as a
final output “personas scenarios”, an “empathy map” and expected “use
scenarios”. The former was an adapted game board about public places
based on the traditional monopoly game and the latter a diary with a set of
activities that will facilitate the collection of contextual information.

Previous experiences have shown that co-design process can promote
greater social cohesion, acceptance and empowerment. Working with people
with intellectual disability presents several challenges since the co-creation
process needs to be cognitive accessible. However, the tools created under
this experience can be extrapolated to other contexts.

Keywords: Co-creation, intellectual disability, social inclusion, cognitive
accessibility

1. Introduction

In a world defined by rapid change, the search for solutions to societal challenges has
become more complex calling for new paradigms of innovation focused on collaborations
with the community and users. Co-creation approaches in the design and production of a
service or product can bring low-cost innovation and unique and personalized customer
experiences leading to user acceptance of a product or service. However, working with end-
users can be a challenge, especially when working with groups that are more vulnerable.

Under the capability approach (Nussbaum 1997; Sen 1993), the Mind Inclusion 2.0 project
aims to widen the opportunities of people with intellectual disabilities to be involved in the
society. To this end, an innovative web platform will be developed, contributing to the
sustainable and inclusive involvement of disabled people in the society. The innovation
relies on the participation of people with disabilities during the design and production of the
web platform, meaning that all the co-creation process must be cognitive accessible for
people with intellectual disabilities and mindful with participants requirements for
participation.

This paper shows an experience in the design of some cognitive accessible tools that can
guide the collection of users and other stakeholders’ experiences, and help to know their
motivations, preferences, problems and potential solutions that people experience in public
places.
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2. Co-creation methodologies

Paradigms focused on establishing close and active collaborations with the community and
users are increasing. This change in the relationship between citizens/users and researchers,
developers and companies have been preceded by a large number of concepts, guiding
methodologies, approaches and frameworks such as user-centred and user-drive design.
Nowadays, Co-Creation, integrating Co-Design and Co-Production, has been regarded as
an unquestionable strategy for socio-health innovation, which is able to deliver innovations
designed “with” and “by” the people, enabling the participation of those affected by the
design.

To implement a strong participatory approach and co-creation methodologies the project
focused on the learned experience with the Mindful design framework incorporates
principles of Mindfulness in a Design Thinking that aims a Experience-led design process
(Peters, Hansen, McMullan, Ardler, Mooney and Calvo, 2018; Wodehouse and
Tzvetanova, 2015). Mind Inclusion aims to ensure user involvement in the design activities,
in the form of both direct and indirect participation in the Agile development of the web-
platform (Kautz, 2010).

Under the Mindful design framework, mindfulness in a design context refers “to the
attentiveness of the user towards the consequences of their actions performed with an
object, encouraging behavioural changes and adaptation by reconsidering actions and their
causes” (Niedderer 2007: 4). This integrated co-design methodology covers three stages of
data collection, design development, and implementation evaluation in a project. Recent
experiences have applied this framework to support the participation of people with
dementia in co-creation process in a successful way (Niedderer et al., 2017). On the other
hand, Design Thinking (DT) is a method intending to create solutions that go beyond the
ones developed by conventional analytical methods, based on creativity and systemic
thinking (Koria, Graff, & Karjalainen, 2011). The term is also defined as the way designers
think (McKilligan, Dhadphale, Ringholz, 2017). The main goal of this approach is to
challenge the way innovation happens considering the needs and the perspective of end-
users during the design and development process. In particular, this method consists of 5
steps: a) “Empathize”aiming to learn about the audience for whom we are designing; b)
“Define”: focusing in redefining the initial user needs/ cases and design process goals; c)
“ldeate”:intending to brainstorm and come up with creative solutions to the defined needs;
d) “Prototype:building a representation of one or more ideas; e) Finally the “Test” were
researchers return to the original user group and test the prototype ideas for feedback.
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In turn, Agile Method is generally adopted to increase development performance in terms
of continuous, efficient and effective adaptation in user requirements changes by measuring
and evaluating the status of a project (Lee & Xia, 2010). It focuses on the fundamental
assumption that adaptive software can be developed by small teams using the principles of
continuous design improvement and testing based on rapid feedback and change.

Apart from these theoretical perspectives and methods, nowadays the use of hybrid
methodologies such the one presented is gaining importance. Specifically, Mind Inclusion
2.0 project will pay special attention to the combination of the Design Thinking method and
Agile approach. Thus, while Design Thinking will allow to identify unmet needs of end-
users, Agile approach will enable delivering a partially functional prototype to collect
feedback, validate our assumptions and readjust.

2.1. Challenges when applying co-creation methodologies: cognitive accessibility

Beyond the advantages attributed to co-creation methodologies, its application might
suppose a challenge, especially when working with people with intellectual disabilities
since they can be a heterogeneous group with different health, activeness, social
involvement as well different problems related to a wide rage of life aspects. In result, the
main challenge when working with people with disabilities is to make the co-creation
process accessible to their existent cognitive and communicative barriers.

Cognitive accessibility applied to to enviroments and locations means that people can
understand what characterizes each environment, its category, functionality, values and
norms, and people’ use it and roles (Belinchon et al., 2014; Plena Inclusién, 2008). All the
above mentioned considerations regarding accessibility are an important, since the
elimination of obstacles and barriers to accessibility are rights established in the Covention
on rights of persons with disabilities (2006) in Art. 9, 19 and 20. Moreover, cognitive
accessibility in spaces, services, and products can benefit the society as a whole.

Taking this into account, the participatory approach developed in the Mind inclusion
project 2.0, that brings together principles of the Mindful Design Framework and Agile
elicitation and development, aims to improve the inclusion of people with intellectual
disabilities into public places enabling social participation through the use of a co-created
online tool. This web-tool is being designed based on three pillars of information: i. base
research on cognitive accessibility; ii. people with disabilities’ personal experiences
translated into requirements and preferences for interaction and functionality; iii.
complementing with professionals accumulated experience and contexts analysis. For this
process was essential to co-create cognitive accessible design thinking tools that guide the
consultation and co-creation approach with collection of relevant insights from users and

@G)@@ Editorial Universitat Politécnica de Valéncia
BY NC ND

56



Rosa Almeidaa, Raquel Losada Duranb, Teresa Cid Bartoloméc,, Andrea Giarettad, Alice Segalinae,
Anna Bessegatof, Simone Visenting, Sandra Martinez-Molinah, Jorge Garcési, Valentina Conotterj,
Davide Lissonik, Dana Migalioval, Natalija Olésovam, Aidas Gudaviciusn, Miguel Lanchoo

other stakeholders in the process of defining problems and ideate solutions (corresponding
to the first 3 steps of Design Thinking method: empathize, define, ideate) for requirements
elicitation.

3. Methodology

The Mind Inclusion 2.0 project co-creation process was structured in 2 co-design and 2 co-
production sessions with users. In the planning phase two cognitive accessible design
thinking tools were co-created to support information gathering in the co-design sessions.
The aim was to recreate as a final output “personas scenarios”, an “empathy map” and
concrete “use scenarios” that will guide the development of Mind inclusion web platform.

The objective of developing “personas scenarios” is to help to define problems that users
face when accessing public places, gathering information related to individual interests and
barriers find in the near context. Thus, tools that should be developed need to collect
information about aspects of a real or imagined case of intellectual disabled person
including the following: i. Life-context and motivations: about social engagement and
interaction; ii. Needs or aids; iii. Likes: centred on self-realization, preferences about places
and social activities; iv. Worries: reflecting experiences and/or emotions; v. Wishes:
reflecting how support the persona may like to receive; desirable improvements for making
places and activities more friendly.

In the case of the empathy map that serves to complement “personas”, this tool helps to
create a common vision about users’ common thinking and feeling in a pre-elabored
situation, as well as motivations, attitudes, aspects of interaction, and beliefs. Therefore, the
following dimensions of information are needed: i. Tasks that users are trying to complete
and questions they need to answer; ii. Influences: people, things or places that might
influence in the user’s acts and how they influence; iii. Feelings about an experience; iv.
Pain points to overcome; v. Overall goal to achieve.

To this end, 14 researchers and educators worked defining together a set of guiding
exercises and design thinking methods for the 2 co-design cycles that will involve people
with disabilities, caregivers, social and health professionals and managers of public spaces.
In order to participate, people with disability need to adults and be able to communicate and
express preferences with or without help of a facilitator, able to give their consent or agree
with participation and have low-to-mild degree of disability.
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4. Results

During the sessions two tools were co-created to gather information to simulate “personas
Scenarios” and an “empathy map”.The former was an adapted game board about public
places based on the traditional monopoly game and the latter a diary with a set of activities
that facilitate the collection of contextual aspects that influence motivation for visiting
places, access and general experience of the users.

4.1. Mind Inclusion game board

The final objective of the Mind Inclusion game is to gather information about the
aforementioned dimensions: a) Life-context and motivations; b) Needs or aids used; c)
Likes; d) Worries; €) Wishes. To this end, a board with different squares related to the
participation in public places was developed.

4.1.1. Description

The Mind Inclusion game is a board game similar to the traditional monopoly but adapted
for people with intellectual disabilities. The game is composed of a board, two dices (one
ordinary dice and a specific dice with pictures), two stacks of cards and a participant
marker for each player.

In the board game there are several types of game boxes: 1. Places; 2. Blank boxes; 3.
Collective Challenges; 4. Individual Challenges.

The participants will have to choose four different places from the list or images made
available. This places will be added on the “places boxes”. Each selected place will appear
4 times in the game to let the participant have opportunity to remind experiences in such
place.

All players start the game with the markers in the first starting game box. Depending on the
game box in which the participant market falls the activity or the information required will
vary according to:

e Places boxes. The participant need to throw a special dice for the game.
Depending on the picture on the dice’s face, the user will need to answer some of
these questions: a) What would you like to find in ... (the place represented)... to
be happy?; b) What makes you feel GREAT in ...?; ¢) What is your 1st thought
visiting... ?; d) What do you need to enjoy ... ?; €) Share a funny experience in
...f) What makes you feel BAD in ...?
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e Individual Challenge: in which each participant will take a card from the stack of
cards answering a question or doing a creative exercise.

e Collective Challenge: at the beginning of the session the group decide the
collective challenges.

4.2. Mind Inclusion diary

The Mind Inclusion Diary constists of a set of activities to be performed at home/activity
center in order to reflect over leisure time and places to visit.

4.2.1. Description
The diary consists of 6 assignments:

e Activity 1-What do you like/don’t like when you go out?: User should paste some
pictures (from photographs, magazines, images...) on the diary.

e Activity 2- My feelings: users will reflect over feelings that they can have when
they go out. This reflection will be made by using the stickers/stamps on each
place of the diary.

e Activity 3- Rating places: this activity is made up of three sections: a)To select the
places; b) people they go with; ¢) To rate the places from 1 to 5.

e Activity 4-Visiting a new place: users will need to find out places presents in their
town.

e Activity 5- Explore a new place: we ask to the users to go to at least one place,
which is new for them.

e Activity 6-What are the things or people that make you feel ok in new places?:
There are several places and stickers and they need to paste “V” above the places
that users found.

5. Conclusions

The group considered in the co-creation process different cognitive accessibility
recommendations and guidelines such as “Mindful Design Principles” and facilitators for
verbal and non-verbal communication. Previous experiences have shown that co-design
process with users are able to promote greater social cohesion and acceptance, apart that the
own process can be empowering. However, working with people with intellectual disability
presents several challenges since the co-creation process needs to be cognitive accessible
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and mindful in all the stages, from planning to evaluation of participation. This experience
resulted in the creation of two cognitive accessible tools for supporting co-design processes
withpeople with cognitive disabilities or with low to moderate cognitive impairment, and
with potential to be extrapolated to other users groups participating in research and co-
creation environments.
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Abstract

This article exposes the tools of cooperative learning and brainstorming as a
didactic strategy, in which teamwork, diversity, interaction between the
students and feedback between them are promoted as the main source of
learning. In professions related to the conservation and restoration of
cultural assets, we work as a team, thus is fundamental that the students'
training prepares them for this work reality and enables them to be part of
and lead these teams, fostering cross-cutting skills such as communication
effective, critical thinking, application and practical thinking among others.
We will present the case of a teaching experience, in which cooperative
learning is a fundamental tool to solve one of the practices of the subject
“Introduction to the Conservation and Restoration of golds and
polychromies” of the Degree in Conservation and Restoration of Cultural
Assets in Universitat Politécnica de Valéncia. The practice consists in the
identification of manufacturing techniques, and focuses on the subsequent
professionalization and comprehensive training of students. The results
obtained from it show how peer learning is an effective, dynamic strategy
with infinite possibilities.

Keywords: cooperative learning, brainstorming, training, peer learning
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1. Introduction

The following article is presented in the framework of the “Equipo de Innovacion y
Calidad Educativa EICE “AFA-Realidad El proceso de Ensefianza y Aprendizaje Fuera de
las Aulas - Barios de Realidad”, from the Educational Science Institute of the Universitat
Politecnica de Valéncia.

In this case this work is focused on the analysis of the results obtained from this educational
innovation from the subject Introduction to the Conservation and Restoration of golds and
polychromies” (c6d.14068) of the Degree in Conservation and Restoration of Cultural
Assets in Universitat Politécnica de Valéncia.

A teaching experience case will be presented, in which cooperative learning is a
fundamental tool to solve one of the practices of the subject itself, which consists in the
identification of manufacturing techniques, and focuses on the subsequent
professionalization and integral formation of the students. "We can say, that collaborative
learning in university education is presented as a methodological alternative to
individualistic models that are little creative and reflective, typical of traditional
methodologies." (Guerra et al., 2018).

The main aim of this article is to analyse the results obtained from encouraging the use of
alternative teaching strategies based on active methodologies, through a technological and
cultural social immersion that enhances continuous learning. For this type of teaching
innovation, special emphasis has been placed on group work and contact with real cases in
which students will find themselves in their future career.

We draw from the premise that motivation is the learner’s engine (Ospina Rodriguez,
2006). Following this practice it is proposed to test the scope of the same, taking into
account the motivation that it can generate within the students, by considering their specific
concerns and interests, which in the vast majority of cases they are focused on their later
career, making them strengthen critical thinking focusing on the real needs which they will
encounter when they finish their studies.

The implementation of the proposed activities in the involved subjects in the project
encourages the acquisition of the following transversal competences: Understanding and
integration, Innovation, creativity and entrepreneurship, Design and project, Effective
communication and knowledge and awareness of contemporary problems.
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2. Main Goals

- Expose the results obtained from the use of the tool of cooperative learning as a
didactic strategy.

- Involve students in proposals they will face in their future work career, relating
them to the theory and practice developed in the classroom, working on their skills
related to autonomy and professionalization.

- Reflect on the need of implementing inclusive activities, taking into account the
students’ opinion, and their advantages by feeling themselves as leaders in their
own learning, as a strategy for content integration.

- To provide students with an analytical view of the contents worked, so that they
can develop their practical and critical thinking in real areas, promoting efficient
communication.

- Promote interaction among students, teamwork, development of cooperative
methodologies, leadership and problem solving.

- Promote equal conditions, diversity and parity in the different resolutions related
to the activity.

- Promote feedback, after the use of brainstorming, as the main source of learning,
as a result of a first working session.

- Transfer the results of such a teaching strategy to the university community.

3. Methodology

HEURISTIC PHASE ANALYTHICAL PHASE
0e0
Tan
Analysis of specific needs Discussion
Selection of work objects

SYNTHETIC PHASE

Resolution

Proposal of the activity Results evaluation

Improvement proposals

[
e

Fig. 1 Methodology
Font: Own font
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3.1. Heuristic Phase

1. Firstly, an analysis of the specific needs in the subject, Introduction to the Conservation
and Restoration of golds and polychromies, which were related to the second part of the
curriculum, linked to conservation and restoration. The purpose of the practice was to work
on the contents that were intended to be strengthened in a real way. With this, the
experience was practical and contained without directly making interventions on the
subject, but proposals, doubts and real situations were generated, with which a
conservative-cultural property restorer can be found in your future work.

2. Selection and numbering of work objects. In our case we work with golden frames, of
royal collections, which are currently in our department to be restored, together with the
pieces of work that they frame. Firstly, a classification of all the available frames was
made, and then we selected those that we consider most appropriate to discriminate
between the gilding techniques with which they were made. Gold frames with various
metal sheets were also selected to make its identification more difficult. They were
numbered to have a code to reference each of them during practice.

3. Division of students by heterogeneous groups in arbitrary order, ensuring that the groups
did not coincide with those who had worked together in previous sessions.Working with
heterogeneous groups is essential, since within Cooperative learning "the formation of
collaborative groups is based on the heterogeneity of knowledge, skills, values, previous
ways of acting and thinking, as well as social and behavioral skills, gender, age, etc."
(Rodriguez et al., 2005).

There are a total of 45 students enrolled in the subject. The number of members in a group,
when going to work with brainstorming is decisive for obtaining results. As determined by
the study conducted by Paulus et al. "One of the most influential factors in brainstorming is
the size of the group (...) larger groups do provide more potential for exchange of a large
number of ideas from a diverse group of individuals.However, the problem of Production
blocking increases with group size, especially in groups that share ideas verbally. Thus the
larger the group, the lower will be the number of ideas per person. The optimal group size
is two." (Paulus et al., 2019). Faced with the impossibility of making groups of two with 45
people, 15 groups of 3 people were made.

3.2. Analythical Phase

1. Team discussion about the results they expect from the practice. According to Esteban
Garcia and Ortega Gutiérrez, "Using the debate can be a very useful strategy for the
intellectual development of the student and for connecting university issues with social
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problems™ (Esteban et al, 2017). In this first step, the teachers through observation, carried
out a sweep of the opinions of the different teams, also taking into account the assessment
between groups.

2. Proposal for the activity to be carried out. The proposal of activity drawn up consisted of
three phases; work and individual reflection, the pooling as main strategy and
brainstorming. All of them converged in Cooperative learning,since learning was between
equals.

3. Development of the activity.

3.2.1. Individual work and reflection

Bearing in mind that “collaborative learning is from individual reflection to group
reflection and from this to the enriched individual reflection" (Rodriguez et al., op cit.,
2005), an opportune time was given for the students’ individual reflection.

3.2.2.  Putting teams together and brainstorming.

When the students were clear about their hypotheses, regarding the practice, they put
everything in common, through the technique of brainstorming, trying to understand the
technique of gilding of the frames and the materials used for it. The data that each of them
was appointing, in practice, was being recorded in a portfolio that the faculty had prepared,
with the questions they had to discuss and the aspects to which they had to pay attention to.

Fig. 2 Cooperative Learning
Font: Own font
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3.3. Synthetic Phase
1. Resolution of each specific case by the teacher.
When the students completed the activity, a pooling of the 15 groups, referring to the whole

practice, was carried out, drawing a series of conclusions, which were being led by the
teachers, coming to the resolution of each of the analyzed cases.

Fig. 3 Resolution of the practice
Font: Own font

2. Evaluation of results. The opinion of teachers and pupils was valued. The teacher
qualified the practice, taking into account the transversal competences and competences
that had been worked by each of the working groups. The transversal competences that
have been worked in practice are: Understanding and integration, Innovation, and
creativity.

3. Proposals for improvement. Based on the experience gained with the development of the
practice and with the evaluation and analysis of results.
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4. Results

The present practice of identification of real tecniques within the subject of Conservation
and Restoration of golds and polychromies, in the previous years had been been carried out
in an individual way. The practice, when was carried out individually, was perceived by the
students as very complex and of difficult resolution, to simple sight, without the capture of
samples and analytical chemistries. The result of other years had not been so satisfactory
for the teachers nor the students, given this complexity.With cooperative learning, the pupil
feels leader of his own learning, his motivation has seen increased, meeting reflected in the
resolution of the practice. It is important to stress that the complexity of approaches that the
pupils were analyzing was great more advanced with the employment of cooperative
learning. Likewise the worn out and acquired contents have been major to waited in
beginning. With it, the interaction has been promoted among the pupils, the teamwork, the
development of cooperative methodologies, leadership and the resolution of problems.
In our case we can affirm that Johnsons's appointment was fulfilled, because what in
previous years was one more practice of the subject, this year turned into an experience that
the pupils to value in a positive way " The veers round of instructor is evolving from the
presenter of information to the designer of learning experiences that maximize student
activates engagement. The influences behind this change include the growing awareness
that learning experiences should be activates in ways that maximize student engagement
and the evidence that careful design of instructional experiences makes students '
acquisition of knowledge and competencies dwell efficient, effective, and appealing. One
of the most useful methods of ensuring that students ploughs actively engaged in learning
experiences is cooperative learning " (Johnson et to., 2018).

Other one of the results obtained of implementing this inclusive activity, is that the student
body perceives that his opinion is born in mind, as strategy for the integration of contents,
developing his practical and critical thought in real areas, promoting the efficient
communication.

With this activity there has been promoted the equality of conditions, the diversity and the
parity in the different resolutions related to the activity, the only routes for the collaborative
work in the university classrooms.

5. Conclusions

The results obtained from the proposed activity show how peer learning is an effective,
dynamic strategy with infinite possibilities.
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The fundamental improvement of Cooperative learning in disciplines in which teamwork
and interdisciplinarity are the only routes in the real tasks of conservative professionals -
restorative, is that the students feel part of their own learning, developing specific valuable
competences, in the achievement of proposals aimed at their future career.

Students' perception of brainstorming is always positive and motivating, but if a final
response to the activity is not provided, it remains unfinished. By bringing the brainstormig
together with the Cooperative learning, they understand that the processes developed in the
classroom are aimed at solving real problems, with which they will meet when they leave
the labour market.

The teaching methodology presented, however, is transferable to any university discipline,
so special emphasis has been placed on the dissemination of the results of the experience in
specialized media, for teachers interested in implementing the experience later.
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Abstract

According to the current tendencies in University education strategies,
students should develop not just the specific competences related to the
particular degree they pursue, but also a series of transversal competences
(TCs, also called key competences). Such TCs may be transferable between
different contexts (personal, social, academic, etc.) while help students to
solve problems from different perspectives and so, they would provide
students with a holistic education and training. In this framework, the
authors present in this paper a tool they have designed for the systematic
analysis and evaluation of TCs so as to support students in the achievement
of such competences. Moreover, the tool is able to help students to choose the
courses that may help them to work out and complement the competences
they may not be developed yet, as well as it suggests the most appropriate
post-graduate courses for the students according to their background,
particular interests and degree of development for the different TCs.

The tool has been designed under the scope of vertical ERP systems, which
have demonstrated their ability to create collaborative and learning
environments  with multiple communication functionalities between
professors and students. Thus, the tool has been thought as an interactive
framework that includes different indexes to monitor the level of development
of the diverse TCs, so that it may be accessible to both professors and
students during their entire academic life. The tools have been tested within
the program of Transversal Competences of the Polytechnic University of
Valencia, specifically to the Degree of Energy Engineering.

Keywords: Vertical ERP, transversal competences, active learning,
methodology, training, evaluation.
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1. Introduction

In the framework of the current education strategies at the University level, students should
develop a sort of transversal competences (TCs), which in addition to the specific
competences related to the particular degree they study, provide students with a holistic
education and training (Villa & Poblete, 2007). In the case of the Polytechnic University of
Valencia, 13 TCs have been identified and, consequently, they are taught and worked out
with students in the different undergraduate and graduate courses (Bonet Espinosa, Cabredo
Fagrés, Calvet Sanz, de Andrés Martinez, & Soto Pacheco, 2015).Previous research
developed by the authors has evidenced the need for support tools to help students to take
decisions related to the courses they should choose to better complement their training and
development of TCs (Montuori, Alcazar-Ortega, Vargas-Salgado, & Bastida-Molina,
2019). Therefore, such tools may guide students when choosing the most appropriate
postgraduate courses so as to complement their career according to their academic and
professional interests.

The tool here presented has been designed according to the Education ERPs (Enterprise
Resource Planning) principles. ERP systems allow organizations to integrate the different
operations and departments for a more efficient management of information and resources
(Antonegi Martinez, CasadesUs Fa, & Zamanillo Elguezabal, 2005). In particular, an ERP
system specifically designed for University education means an essential support for the
management of the different areas involved in such activities as research, academics or
economics (Cloud Factory, S.L., 2019) due to the different managerial functionalities that it
includes (Educacion 3.0, 2018). One of the objectives of the tool here presented is to
enhance the active and auto-regulated learning done by the students, which has been also
experimented by some researchers at the High School level (Demkanin & Kovac, 2018). In
fact, the student is the actual responsible for its own learning process, that should not be
limited to listen to the professor (Oltra Mestre, Garcia Palao, Flor Peris, & Boronat
Navarro, 2012). This tool has been thought as a module that may be included in the
platform Poliformat, which is already linked to the database where all the information
related to the TCs evaluation for the graduate and undergraduate students is stored. On the
other hand, Poliformat is a well-known environment which professors and students are used
to. This fact would facilitate the implementation of the aforementioned tool as a
complement of such platform.

This paper is organized as follows: Chapter 2 is devoted to present the methodology based
on which the tool here presented has been developed. Following, a case of application is
presented in Chapter 3, where the tool has been applied to the evaluation of undergraduate
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students enrolled in the Degree of Energy Engineering that is taught at the High School for
Industrial Engineering at UPV. Finally, according to the obtained results, conclusions of
this research are discussed and presented in Chapter 4.

2. Methodology

The proposed tool has been designed according to the methodology proposed by the authors
in (Montuori, Alc&zar-Ortega, Vargas-Salgado, & Bastida-Molina, 2019) which, including
some updates and improvements, may be summarized in the following steps:

1)

2)

3)

Analysis of transversal competences and weighting. The first step will be the
identification of transversal competences that are worked out in each of the studied
courses during the considered undergraduate or graduate degree. Once identified, each
competence will be weighted according to the number of credits devoted to its
development during the degree, according to the following expression:

N
_ Z ECTS, (1)
We, =22——.100 (%)

D ECTS,

m=1

Where W'cr is the weight of transversal competence i related to the total number of
credits that are assigned to the degree; ECTS,, is the number of credits for each course
n in which the transversal competence i is worked out; and ECTS,, is the number of
credits for each m course within the degree.

Analysis of optative courses. As one of the objectives of the tool is the support to
students about the optative courses they may enroll in, the TCs that are worked out in
each optative course related to the considered degree will be identified.

Definition of development thresholds and corrective actions. TCs are evaluated at
UPV according to rubrics, which adopt a qualitative scale (A, B, C or D). In order to
quantify the degree of development for each TC, the numerical scale included in Table
1 will be applied.

Table 1. Quantification scale to measure the level of development of TCs

Development degree Numeric Threshold to reach
(Scale UPV) grade (GR) the next grade
A-Excellent 10 -
B-Acceptable 8 9
C-Developing 6 7
D-Not achieved 4 5
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Transversal Competences

In the proposed methodology, it has been considered that levels C or D mean a non-
appropriate development of the considered TC, so that corrective actions need to be
applied. An example of such actions, based on the official rubrics developed by UPV
for the TCs evaluation (Bonet Espinosa, Cabredo Fagrés, Calvet Sanz, de Andrés
Martinez, & Soto Pacheco, 2015) and which should be automatically proposed by the
tool, is included in Table 2.

Table 2. Example of corrective actions to improve the performance of TC3

TC3
Topic

Analysis and problems resolution

Suggestion

Problem
definition

Grade
o

You should further work out the identification of the problems you are
requested to solve

You should try to identify the most relevant information by yourself

You have reached a good competence on this topic, but you should define
problems more accurately

You have reached an excellent competence on this topic

Sources of
information

Cc
B
A
D

C

You should identify and gather relevant information that is necessary to
solve problems

You should gather more relevant and consistent information to solve
problems

You have reached a good competence on this topic, but you should further
justify the usefulness of gathered information

You have reached an excellent competence on this topic

Resolution
method

O

You should use the methods you have learned in the course to solve the
problems

You should justify the calculations you do on each step (data, equations,
etc.)

You have reached a good competence on this topic, but you should assess
the adequacy of the used method (hypothesis, limitations, etc.)

You have reached an excellent competence on this topic

Solution
consistency

> W OO0O> W

You should realize whether the obtained results are consistent

You should further justify the coherency of the obtained results

You have reached a good competence on this topic, but should be more
critical with the implications of the obtained solution

You have reached an excellent competence on this topic

4) Definition of development timing. UPV considers three moments where TCs are

evaluated. However, the tool may help students to monitor their level of development
of the different TCs during their academic life, before the completion of the official
level. In consequence, students may apply corrective actions or they could
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complement their training on TCs according to the level of development of each one
of them.

Definition of performance factors. In order to quantify and standardize the monitoring
of the level of development of transversal competences, different factors are
calculated and evaluated. Those factors do not just allow students to evaluate if they
have reached or not some competences, but also to automatically get a series of
corrective actions to help them improving such competences development.

Three performance factors have been developed, which are calculated as follows:

a. Transversal Competences Performance Factor (C‘tr). It measures the level of

development achieved by the student on each TC. It is defined as follows:
N

E GR, -ECTS
. n n 2
= ”

3 ECTS,

n=1
GR, is the degree of development achieved in the course n for the TC i,
according to the values indicated in Table 1; and ECTS, is the number of credits
of each n course in which the TC i is worked out.
b. Technical Interest Factor (1cc). It measures the how interesting each k optative
course to be chosen by the student is. This factor is self-assigned by the student
according to the Likert scale proposed in Table 3:

Table 3. Likert scale for the assessment of the Technical Interest Factor

Likert scale Totally Very Moderately Little Not
interested  interested  interested  interested  interested
Numerical scale 10 8 6 4 2

c. Technological Affinity factor (Ie). It indicates the affinity of students on the
more appropriate optative courses they may enroll in according to their profile,
background and personal interest, as well as by the level of development of the
related TCs that the student has achieved. This index is calculated as follows:

o, G
k k Z—ll[ _loj 3)

A =1
pt tec k
N TC

where the variables are those defined above and NkTC is the number of TCs
worked out in the optative course k.
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6) Analysis of results and feedback to students. Once the aforementioned factors
have been calculated, the last step will be the interpretation of the obtained values
and the feedback of recommendations to students, in line with the obtained results.
An example application for such kind of analysis is presented in next section.

3. Application and results

The proposed method will be now applied to a fictitious “typical student” that is enrolled in
the fourth course of the Degree in Energy Engineering at UPV. Fig. 1 shows the evaluation
of TCs that will be used as basic case, whose assignation has been randomly done for a
student that should decide the optative courses to be chosen for the 2™ semester of the
fourth academic year. Each course has been identified by a code, according to the standard

classification of UPV'. Grades A, B, C and D for each TC have been painted in blue, green,
orange and red, respectively.

<|< (€ |<|@|o|la|jla|lo|d|d || |<|o|o|lo|la|lo|lo|d ||| || |<|@|o|lo|jlo|o|o|g ||| (< |
—HA|HA|HA|A |A A |A A A NN NN |nN|nN|jN NN N| N mmfofomomommmnn|m | | S (S| S|S|S
alala[s[nlelalalalalalsle]alalc]olalz]elelsaleclal=lelalalalulals]=xalal=]n
1CE KR Kl Kl Bl Bl Kl vl Evd Bl Bl Bl B Bl Bl B B Bl Bl Bl Kl d B el Bl B B el T R B Bl O B B R

Code | |a|a|[a|a|a]|a|a|a|[a|a|a]|a|a|[a|a]|a]|a|a|a||a]|a|a|a|(a|a]|a|a|a|a|a]|a]|a]|a||[a]|a]|
R M R R R R R AR R R A R R R R R R M R R R R R R R R T R R R R R R
BRI IEIEI R BRI R R R R B R R R R R B R R R R B R R R R B R R R R R R R R

ecTs |2]2]2|2|2|2|2(2(a]ele|2|a|a|e|e|e|e|e]|a|w|w|v|v|a|afafafn|a|alvlv|v|v|v]|v]|o]g
o|lo|lvo|lo|lo|lw|W|W|O|F|F|F|O|Oo|TF T T T|F|O|F|F|TF|TF|T|T|TF|O|F|TF|F|F|TF|T|T|T|T|w0|©
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Fig. 1. Example de TCs’ evaluation for an Energy Engineering student at UPV

Based on the grade obtained for each TC, the proposed tool would calculate the
Competences Performance Factor according to (2), which would provide the student with

the level of development of each TC up to the present time. The obtained results are shown
in Table 4.

! http://www.upv.es/titulaciones/GIEN/menu_1015215c.html
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Table 4. Competences Performance Factor for the considered student, per TC

Transversal Competence

1

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

ECTS 645 66,0 780 195 495 345 225 495 300 16,5 375 40,5 435

C', 888 6,09 7,04 754 855 9,39 9,07 9,15 6,50 8,73 7,84 852 8,97

According to Table 1, competences that have not been developed enough by the student are
those with a grade lower than 7: TC2 and TC9.

Now, the student should indicate in the tool which of the optative courses are more
interesting for him, which, according to the Likert scale shown in Table 3, will be translated
into the Technical Interest Factor described in section 2. For this example, the assignation
done in Table 5 has been considered. The ECTS for each optative course and the worked
out TCs are also shown. Once students have indicated their preferences related to the
optative courses, and according to the TCs worked out on each one, the tool calculates the
Technological Affinity Factor according to (3).

Table 5. Competences Performance Factor for the considered student, per TC

Transversal Competence

k
Code BECTS Tee =775 3 4 5 6 7 8 9 10 11 12 13
12073 45 10
13757 45 g
12083 25 8
129794510
12071452
12070 45 4
12069 45 2
12074458
12977 45T
12082 a5 g
13756 45 6
12081 45 10
12078 a5 8
12080 452

Optative courses have been ranked according to the obtained value on the Technological
Affinity Factor, as shown in Table 6. Considering the preference of the student and the TCs
that should be further developed, courses 13757 and 12983 have been suggested the first.
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Table 6. Ranking of optative courses for recommendation to the student

Ranking Code Ak Worked out Transversal Competences
position opt 1 2 3 4 5 6 7 8 9 10 11 12 13
1 13757 2,428
2 12983 2,315
3 13756 1,385
4 12973 1,075
5 12981 1,075
6 12982 0,860
7 12978 0,860
8 12970 0,722

9 12974 0,605
10 12969 0,505
11 12971 0,287
12 12977 0,215
13 12980 0,215
14 12979 -

The suitability of the proposed factor arises here when the student gets the most appropriate
courses to improve the TCs that have been less developed, while the proposed courses also
satisfy the condition of technical interest. It is interesting to point out as courses 12981 and
12979 appear in positions 5 and 14 of the ranking even if the student said he was totally
interested on them. However, the most interesting TCs for the student are not worked out
on such courses, so that other optative courses are marked as a better option for the student.

4. Conclusions

A novel ERP based tool to support students to better develop their transversal competences
is presented in this paper. This tool would assist students in the election of optative courses
to further develop the transversal competences they acquire when pursuing their degree, as
well as to monitor the level of development of such competences during their whole career.
This tool may also help students to choose the most appropriate postgraduate degree
according to their academic and professional interests. The tool may allow students to
introduce their preferences on which competences they would like to further develop in
order to complement their CV. Thus, related to that, they would receive automatic
suggestions on how to get this goal. In the case of UPV, this tool could be integrated in the
platform Poliformat since it is an environment at which professors and students are used to.
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Abstract

The traditional way to learn and teach Digital Systems has been changing
over the last decades by the use of Hardware Description Languages (HDL)
and Field Programmable Gate Array (FPGA) evaluation boards. The use of
an Arduino development kit with different sensors connected to the FPGA
upsizes the students experience in the area of Digital Systems. A temperature
and humidity ambience sensor combined with an ultrasound sensor to
measure distance can effectively be used by students to implement its first
serial data converter that takes the sensor data and shows the obtained
values from the Arduino in the seven segment display of the FPGA Kkit.

After three years of experience in the new grade courses at the UPV
Telecommunication School the number of students enjoying this new way to
learn the subject Fundamentals of Digital Electronics (FSD) has
dramatically risen up with an increase of a 20% in the number of students
that pass the subject and that select the electronic branch of
telecommunication studies in the future semesters.

Keywords: FPGA, Arduino, Verilog HDL, Digital Systems.

1. Introduction

Last decades HDL and FPGAs have been introduced as a method to teach and learn digital
systems. FPGA evaluation boards [1] usually have a wide resource of peripherals that are
attached to the FPGA chip. However, first courses on Digital Systems cannot take
advantage of those sometimes complex peripherals like Ethernet, video and audio codecs.
Only a few switches, key buttons, LEDs diodes and the classical seven segment displays
are the main physical interfaces the students can interact with. The use of an Arduino board
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[2] with different sensors connected to the FPGA upsizes the students experience in the
area of Digital Systems. A temperature and humidity ambience sensor combined with an
ultrasound sensor to measure distance can effectively be used by students to implement its
first serial data converter that takes the sensor data and shows the obtained values from the
Arduino board in the seven segment display of the FPGA Kkit.
Specifically, the temperature and ambient humidity data will be received from a DHT11
sensor. The data reception speed is intentionally very slow so that the student can get to see
the bit-by-bit reception of the data frame in a LED diode and thus understand the basic
concepts of serial communications.
The student must focus his effort on the sequential design part, mainly synchronous
sequential machines (FSM) and registers since the visualization of values in BCD (Binary
Code Decimal) over the 7 segments of the DE2 card and the assignment and programming
of pins are already done.
The paper is distributed as follows:
- Next section describes the teacher’s motivation for the introduction of the Arduino
Board in a classical basic digital system course.
- The third section will introduce the FPGA and Arduino boards to describe a basic
serial communication protocol.
- To end, some conclusions are described and analyzed in the fourth and last
section.

2. Motivation: a new syllabus for born-digital students.

Some years after the adaptation to the rules of European Higher Education Area (EHEA)
[3] also known as Bologna Process of all the graduate courses at the UPV, next major
challenge arrived when student motivation for the IT technologies started to go down. This
reduction in the motivation surprisingly happened when the born-digital students started to
enter in high-education studies. What were the external changes that diminished the
student’s motivation?

Even though the studies had become more practical and had reduced the number of hours
devoted to theory in every single subject, reducing from 5 to 4 the number of years to
become a Graduate in Telecommunication Engineering, the perception of a lack of
enthusiasm in digital electronics was a fact that drove teachers in the search of answers to
this new and unexpected challenge.

Thinking about how the relationship between the students and internet had changed over
the last decade, with the increase of information in all the areas of knowledge included the
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IT technology, one could think that a student will not pay more attention to the theory or
older datasheets. In these times when drones are flying outside and the DIY (Do It
Yourself) concept arrived at YouTube platforms, anyone can think he can design and build
electronic devices without the necessity of a graduate course. These new issues drag the
interest of students in traditional teaching methodology.

The solution to the problem is as easy as to adapt the syllabus of Fundamentals of Digital
Design (FSD) to the new way to acquire information that our students had developed by
themselves.

FSD is a core subject in the second year of the Telecommunication grade at UPV with more
than 190 students every year. The subject has groups in the Grade, in the double grade of
Telecommunication and Business Administration and also in the ARA group of the grade,
where EMI (English as a Medium of Instruction) is conducted [4].

The way to engage the students from the very first day was announcing that they are ready
to design its first integrated circuit (IC) in the first lab session. For a 4,5 credits course the
main changes adopted were:

- Introduction of Verilog HDL [5] instead of the previous VHDL [6]. Verilog allows
the programmer to design with the flexibility of a high-level language like C or
C++. Only with several code lines, anybody can create complex digital circuits.
Whereas VHDL was more structured and needed more sentences to describe the
circuits.

- Substitution of ancient datasheets for Verilog descriptions of basic digital
structures as coders, decoders, comparators, multiplexers, counters, registers and
finite-state machines.

- Evolution from the classic breadboard circuitry to the FPGA board from the real
beginning, allowing the creation of an IC in the first practice session.

- Introduction of the Arduino board with sensors attached to it so the real-world can
be connected with the designs that students are creating.

Next pictures (Figure 1 and Figure 2) show how the breadboard has been substituted by a
FPGA design in the first laboratory session. In the second picture, it can be observed the
Intel/ALTERA FPGA (Cyclone II) chip and the GPIO (General Purpose Input/Output)
connectors at the right-side [7], to expand the capabilities of the board.
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Figure 2. The FPGA board where students create its digital designs.

3. Introducing FSM design by using an Arduino microcontroller and an
FPGA board.

The course is divided into two main parts: combinational and sequential designs. The first
uses circuits without memory and the second adds the concept of memory. In this second
part, once the finite state machines (FSM) theoretical concepts have been introduced in the
classroom, students start their final project based on an FSM design over an FPGA that
connects with the Arduino to show the T and H data transmitted by using a serial protocol
between both boards.
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Arduino sensor board.

Arduino is an open-source electronics platform based on an easy-to-use and free-of-charge
software and hardware (ranging from five to some tens of euros for the most expensive
board). The smoothing way to introduce the tough process to understand a microcontroller
architecture and its software was the success of the Arduino platform. There is a huge
amount of information gathered by a worldwide community of makers that pave the way
for a DIY and open a new way to study basic digital systems. The easy software code that
controls the sensors is not part of the subject but it is recommended to read and understand
it, promoting the DI'Y methodology.

Sensors and 3D printed structure.

Several sensors have been connected to the Arduino board: the DHT11 that integrates a
room temperature and humidity sensor and the ultrasound sensor. Teachers have developed
a 3D printed model to secure and protect the sensors. Figure 4 shows the final result where a
blue plastic cage is used to fix the sensors on the Arduino MEGA board [2].

Structure of the sensor data acquisition system.

The following figures (Figure 3 and Figure 4)) show the connection between the
ARDUINO microcontroller board and the DE2 FPGA board. The Arduino total cost was
less than €30.

23 TH_DATA
TH_CLE .
Ep— Microcontrolador
TARIETA DEZ — i
Arduino

sW17 — ¥

Figure 3. Connection structure between the Arduino board, the DHT11 sensor and the DE2 board
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Figure 4. The Arduino Board and its sensors connected to the FPGA by a flat cable like a data bus.
Serial communication protocol.

Figure 5 specifies the serial protocol between Arduino and the FPGA. Some red and green
LED diodes must be connected to easily visualize the data, the clock signal and the error
signal of the received data frames.

| Q-

w - EEIRCNRCNIRNECIERE [~ [@ -

500ms

20ns

CLK_50

MUESTRED " I "
_____________ ERROR_RX . LEDRO

Figure 5. Serial Protocol of data sent by the Arduino board to DE2 FPGA board.
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Figure 6. Structure of the design created by the students

The students have to program an FSM in Verilog HDL to complete the design (Figure 6).
Only the block described as ‘design to create’ in Figure 5 has to be accomplished. The rest
of the design, with combinational structures already studied in previous works, is designed
in advance by teachers and can be downloaded from PoliformaT as an archived design
project.

Evaluation

The distribution of the marks in the subject are: test exam 3 marks, practical projects 2.5
marks, laboratory test 0.5 marks and written exam 4 marks

The students not only design the FSM but also they have to test it by using the waveform
editor. Once the waves have been verified the design can be programmed into the FPGA.
One video must be recorded an uploaded to PoliformaT platform with the result of the
design.

The students try to change values of temperature and humidity by covering the sensors with
their hands (Figure 7). After covering the sensor its sensed values were modified. Also, the
red led in the right frame of the picture shows an error in the data received that was
detected by the students' design. Eventually, students edit the recorded video adding music,
text on the screen and different effect as a voluntary exercise (Figure 8). The teachers never
ask for these extra work, it is just motivation and this happens in the last week of the course
when students are stressed out with exams but enjoying their firsts digital designs.
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Figure 7. Student’s interaction. Figure 8. YouTube video uploaded by students.

4. Conclusions

The table shows the evolution of marks obtained in the subject in the last 5 courses.

Table 1.1. Distribution of subject marks

YEAR 2014/15 2015/16 2016/17 2017/18 2018/19
Matric. Honor 0,67% 0,60% 1,86% 0,00% 1,89%
Sobresaliente 1,34% 0,60% 0,00% 0,00% 0,00%

Notable 14,09% 723%  13,04%  10,77%  19,50%
Aprobado 66,44%  45,18%  52,17%  76,15%  69,18%
Suspenso 17,45%  31,93%  31,68% 12,31% 8,81%

The worrying data was the number of students that failed in 2015/16 and 2016/17 courses,
reaching more than 30%. Although it was not a really bad percentage, the
telecommunication school was increasing the number of students that abandon the grade in
the two first years, reaching a worrying number of 80 every year. The fail in motivation
was a major issue to change. Next course, in 2017/18, the related changes in the subject
took place and a sudden rise up in students who pass the subject was obtained. Dotted lines
in Figure 9 show trends in % of students who pass and fail the subject. The evolution from
that 30% of fails changed to a final big number of only 8,8%, depicting a reduction in more
than 20%.

All in all, the director board of the school decided to change the study plan, adding a new
subject based on digital electronics as a common brach study subject in the fourth course.
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Figure 9. Number’s evolution in the subject. Last two courses show a new tendency in the number of students that
pass the subject. Dotted lines describe tendencies in pass / fail students over the years.
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Abstract

Although being mandatory since 2007, Spanish universities have not fully
introduced a gender perspective in their degrees. This becomes even more
critical in Science, Technology, Engineering and Maths (STEM) fields, where
non biased information and objective knowledge is presupposed.
Nevertheless, different studies reveal that the absence of role female models
may be one of the reasons to lower engagement of women in STM degrees. In
this paper, different techniques to approach a gender perspective in the
engineering field are described. The introduction of a gender perspective
activity in the course Energy Markets from the degree in Energy Engineering
at the Polytechnic University of Valencia is presented and analysed. This
activity is evaluated alongside the students through a series of semi
structured questionnaires. Moreover, the situation and student expectations
of the inclusion gender perspective in the whole degree is critically discussed
with the valuable inputs of students.

Keywords: Gender perspective, STM, Energy Markets
1. Introduction

Gender inequality is currently seen as one of the main social issues globally. Women rights
have been increasing in most parts of the world, especially in the developed countries.
However, large gaps among gender equality can still be seen in several places and sectors.
For instance, in Europe Women with higher studies suffer from higher unemployment rates
and pay gap, which tend to increase with the age (EC, 2019). One of the sectors that has
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been widely considered is the STEM. The gender perspective in STEM has been a topic of
interest and discussion for many years now, where studies on reasons and percentages of
women abandoning or not starting these careers and professions have been a topic of study
(Flores Solano, 2016; Fouad, Singh, Cappaert, Chang, & Wan, 2016; Smith, Gayles, Smith,
& Gayles, 2018).

Even though that numbers have been increasing in recent years, women represent just 20%
of the engineering graduates and only 12% of the workforce (National Science Foundation,
2017). The reasons for the underrepresentation of women in these areas have been argued
to be the lack of interest in technical areas, lack of confidence due to sexist environments
and lack of role models (Fouad et al., 2016; Smith et al., 2018). These characteristics
generate negative environments that can be appreciated as adverse for women.

In order to overcome this barriers different initiatives have been taken into account. For
instance, European legislation included the gender perspective in the European funded
research projects. And, several recommendations have been done to national states to
include gender equality mechanisms in specific domains, including university degrees. The
inclusion of a gender perspective in superior education has been a topic of interest in Spain
since the incorporation of it in 2007. Nevertheless, studies of different universities conclude
that no real integration of this perspective has occurred in the engineering degrees (Belén &
Baena, 2018). Moreover, there is a lack of the impact assessment and the reception that this
type activities have among students.

The innovation project hereby presented dwells with the inclusion of a gender perspective
in an energy engineering degree. This project aims to explain how an activity was included
and to understand the impact that these type of activities can produce among students.
Moreover, the interest and acceptability of these type of activities among students is also
presented.

This paper is structured as follows: Section 2 sets out a brief state of the art on energy
studies with gender perspective; Section 3 presents the methodology used; Section 4 deals
discusses the results; and finally Section 5 concludes.

2. State of the art

Gender inequalities are apparent in many major business sectors, but different analysis
suggests that they are particularly acute within the energy sector, where larger gender
inequalities exist (Ernst & Young, 2016). This result is particularly relevant when it comes
to decision-making positions and boards. Moreover, studies suggest that women tend to be
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more likely than men to express environmental concerns and boost investment on carbon
emissions reduction.

A traditional approach defends that engineering and energy studies are gender-neutral.
However, once a closer look is taken, it becomes clear that gender aspects are relevant and
have been traditionally underestimated. Currently, the demand of energy is still highly
dependent on gender and socioeconomic position (Sovacool, 2012).

Research on gender and energy issues has focused on the different uses of energy.
Particularly, household-energy use in developing countries, energy poverty and women’s
positions and decision making within the energy industry have been studied topics (Pearl-
Martinez & Stephens, 2016). Studies on gender and decision making in companies with
larger women presence on their decisions board show that these companies tend to
proactively invest in renewable energy and to reduce carbon footprint (Mcelhaney &
Mobasseri, 2012). Moreover, the lack of women in decision making position in the industry
has a large correlation with the lack of role models to choice STEM degrees.

3. Method and materials

A gender perspective activity was introduced in the course Energy Markets of the third and
fourth courses of Energy Engineering at the Universitat Politécnica de Valéncia. These
courses had a female presence of approximately one third, being this percentage larger than
other engineering courses.

The activity was introduced during a three hour practical lesson that had as its main
objective to understand how the marginal price of electricity was calculated in the Iberian
Electricity Market (MIBEL). Prior to the mathematical formulation and data analysis,
electricity regulation and how the market has evolved to its actual situation is explained.
Therefore, it was decided that the gender and energy topic that had larger relationship with
the course was the presence of women in decision-making position, both in the private and
the public sector.

During the theoretical explanation of the legal evolution of electricity markets, a public
discussion over the underrepresentation of women was introduced by the teacher, inviting
the students to show their opinions. An open discussion on how they saw the situation of
gender balance on the energy industry. After a first round of opinions specific data with
female presence on decision-making positions was presented and explained to the class.
The data was obtained from the Women in Power and Utilities Index report (Ernst &
Young, 2016) and a summary of it can be seen in Figure 1.
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Figure 1. Percentage of women in decision-making positions (Ernst & Young, 2016)

Regarding the presence of women in the public service, it was presented how from the 9
ministers that have been responsible of the energy department in Spain since the
Democratic Transition ocurred, only the last one has been a woman. The current Spanish
minister of ecological transition, from which depends the energy department, is Teresa
Ribera. She is an well-known international professional on the sector that used to be the
director of the Institute for Sustainable Development and International Relationships of
Paris and worked as an advisor for the United Nations Framework Convention on Climate
Change (UNFCCC). However, most of the students did not know who she was when they
were asked. After the presentation of results a new round of opinions was opened were the
students that could answer again about the information treated.

a. Interview structure

In order to assess the interest, acceptance and perspective on the topic, a semi structured
questionnaire is used. This has been built with Google Forms and can be consulted in
Spanish'. The following questions have been answered anonymously by eleven students out
of sixty, both male and female when the course was finished, a couple of months after the
session. Due to the small sample of voluntary answers, the results presented here are
exploratory and just provide a first approach to the perception among students of gender
perspective in engineering. The small and voluntary sample could show biased results of
more interested students on the topic. Additionally, women answers are 63%, being

1https://docs.t:loogI_e.com/forms/d/la)(vESi8<: kg4xs9tzgRjLmtFJoOXmjQgfnwIT9ejb0
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overrepresented in the study compared with the class structure. The questions asked are the
following:

Table 1. Questionnaire to evaluate the activity

What is your gender?

[] Female [J Male [] Rather not answer [] other:

Do you think that gender perspective is important?

[ Yes [ No

Do you think that an energy engineering degree should have a gender perspective?
[ Yes [ No

Would you like it?
[ Yes [ No

Did you learn anything new about gender perspective in energy with the activity carried out?

[ Yes [ No

How did the activity affect over your interest on the topic?

[ Increased my interest | [] Did not affect my | [J  Decreased my
interest interest

What is your perception about gender inequality in the energy sector after the activity?

Open answer.

In your opinion, what could be done to increase the gender perspective in the degree Energy
Engineering?

Open answer.

4. Discussion

The discussion with students took place during 3 sessions of around fifteen to twenty-five
students each one. The students did not participate much during the first round of questions.
However, their participation increased after showing the statistics presented. The activity
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went well and generated no conflicts or disagreements. Moreover, positive feedback was
provided personally about it.

Regarding the opinions of the students, Figure 1 presents the interest that students have
expressed on gender perspective, which did not substantially varied depending on their
gender. Even though that having a small sample, more than 90% of the students believe that
gender perspective is important and should be taken into account. These numbers contrast
with the perception that students have over the inclusion of gender perspective in the
degree, where more than 80% of them state that does not have.

Figure 2. Percentage of students that believe that gender perspective is important (left). Percentage of students
that think that gender perspective is included in the degree (right).

On the other hand, again, more than 80% of the students express that they would like that
the engineering degree included gender perspective. This opinions result interesting due to
the fact that no gender perspective is normally included in engineering degrees even though
that the results indicate that students would like to receive this kind of training.

=Yes ®mNo mfes = MNo

Figure 3. Percentage of students that would like to include gender perspective in the degree (left). Percentage of
students that state that they learnt something new with the activity (right).
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Regarding the proposed activity, the acceptance among students remained quite positive.
More than 70% of the students stated that they learnt something with it and also more than
70% of them expressed that after it have more interest than previously. Another interesting
conclusion is that the people that no one expressed that after the activity their interest on the
topic decreased.

Regarding the open answer to the situation of women on the energy field, the students
expressed their concerns about the lack of information and the current situation of the
sector and other sectors such as science and research. Concerns about how these sectors are
seen as male professions in society was also mentioned.

m |ncreased my interest = Did not affect my interest ® Decreased my interest

ra
%

Figure 4. Percentage of students that reflect how it changed their interest on the topic

On the other hand, some answers expressed that inequalities do not exists in this field and it
is just about the academic and professional background of the people. Although not being a
majority, some voices expressed also that no gender perspective should be included in
engineering fields.

Finally, most students mentioned that these types of activities should be done and
promoted. Moreover, petitions to include female role models were mentioned a couple of
times, showing how the requirements among students align with the recommendations
analysed in the literature. Some of the ideas proposed by the students are:

“It would be interesting to talk about women who are models in the engineering
field, more specifically on the energy field.”

“It would be interesting to visualise this share of women who hold these decision-
making positions, showing the inequalities to get people aware of it and to have
role models.”
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5. Conclusions

This communication presents an activity with gender perspective performed in the course
Energy Markets. After its explanation and the decision on how was selected the activity, the
results of a survey among the students are presented. Due to the low sample, the presented
results are tentative and have to be considered with caution. Nevertheless, they seem to
provide two main conclusions. First, no gender perspective is appreciated, by students, to
be included in the engineering degrees as the literature says. Second, most of the students
believe that this topic is important and would like to see it more in the courses with
activities such as the presented. Students also highlight that exists a lack of information and
these activities help them to know more on the topic. Finally, it results crucial to deep the
studies on the topic. More studies are recommended since it exists a knowledge gap on how
students perceive and evaluate activities with gender perspective in engineering courses. A
perspective that different studies suggest that is essential to improve the quality of the
superior education and help younger generations to have role models in the engineering
fields.
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Abstract

The process of leadership and pedagogical supervision in preservice teacher
education is a determining factor in the relationship that needs to be
established between the higher education institution (HEI) and the
cooperating school (CS) where the future teacher carries out his supervised
pedagogical practice.

This study intends to analyze this process of leadership and supervision,
understanding this relationship in a perspective of effective collaboration,
reflection and sharing of practices, assuming the teacher of the CS as a
fundamental element of the process.

Based on this assumption, it will be important to provide teaching and
learning situations with individual and joint reflections, in order to promote
autonomy and shared interaction, contributing to professional development
and to the co-construction of knowledge.

Methodologically, this is a case study with participant observation, within the
scope of the Master's Degree in Teaching Economics and Accounting of the
Institute of Education of the University of Lisbon, the only master's degree in
Portugal that gives professional qualification for teaching in secondary
education in Economics and Accounting.

With this study hope to obtain a characterization of the leadership and
supervision process developed and to delineate the main functions of the
mentor teacher as a fundamental part of the process of collaborative
supervision, in the context of the current model of teacher training.

Keywords: Leadership, supervision, preservice teacher education, economics
and accounting education.
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Lideranca e supervisdo na formacéo inicial de professores de
Economia e Contabilidade em Portugal

Resumo

O processo de lideranga e supervisdo pedagdgica na formacdo inicial de
professores € um aspecto determinante na relagdo que é necessario
estabelecer entre a instituicdo de ensino superior (IES) e a escola cooperante
(EC) onde o futuro professor efetua a sua pratica pedagégica
supervisionada.

Neste estudo pretende-se analisar este processo de lideranca e superviséo,
compreendendo esta relacdo numa perspetiva de efetiva colaboracéo,
reflexdo e partilha de praticas, assumindo-se o professor da EC como
elemento fundamental do processo.

Partindo deste pressuposto, serd importante proporcionar situacfes de
ensino e aprendizagem com reflex8es individuais e conjuntas, no sentido de
promoverem a autonomia e a interacdo partilhada, contribuindo para o
desenvolvimento profissional e para a co-construcao de conhecimento.

Em termos metodoldgicos trata-se de um estudo de caso com observagédo
participante, no &mbito do Mestrado em Ensino da Economia e
Contabilidade do Instituto de Educagdo da Universidade de Lisboa, Unico
mestrado em Portugal que confere a habilitagdo profissional para a
docéncia no ensino secundario na &rea da Economia e Contabilidade.

Com este estudo espera-se obter uma caracterizacdo do processo de
lideranga e supervisdo desenvolvido e delinear as principais fungdes do
professor cooperante como parte fundamental do processo de supervisédo
colaborativa, no contexto do atual modelo de formac&o de professores.

Palavras-chave: Lideranca, supervisdo, formacéo inicial de professores,
ensino da Economia e Contabilidade.
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1. Introduction

The pedagogical supervision process, in the current preservice teacher education model in
Portugal, is prefigured as an usual and fundamental procedure, a process that contributes
strongly to the construction of the professional identity of a future teacher, according to
Izadinia (2015).

In this sense, this study intends to analyze the leadership and supervision process,
understanding this relationship in a perspective of effective collaboration, reflection and
sharing of practices among the various stakeholders, considering the university teacher, but
especially focusing on the relationship between the preservice teacher and the mentor
teacher of the cooperating school (CS).

Associated with this process, evaluation is a complementary and indispensable component.
In this case, a predominance of formative evaluation is sought, based on the assumption
that collaboration can foster reflection and provide situations of mutual learning.

In this way, it is intended to characterize the leadership and supervision process developed
within a Masters in Teaching at the University of Lisbon, and to outline the main functions
of the mentor teacher as a fundamental part of collaborative supervision process in the
preservice teacher education.

2. The leadership and pedagogical supervision process in pre-service teacher
education

When we approach the topic of leadership and pedagogical supervision we find the term
"clinical practice". In addition to the parallel that can be established with the medical field,
this concept was mainly intended to highlight particular characteristics attributed to
professional training (Burn, & Mutton, 2015). In this sense, these authors consider that
preservice teacher education programs should not be interpreted merely as spaces to learn
through experience or by imitation of the more experienced teachers, with pre-specified
classroom routines. "Clinical practice” presupposes that preservice teachers engage in a
research process, based on various sources of knowledge, including research and data
collection, in order to acquire interpreting skills, in particular the intervention and
implementation of pedagogical actions and evaluation of results.

Nonetheless, Mena, Hennissen, and Loughran (2017) point to the importance of self-
learning through experience in knowledge acquisition, in relation to learning through the
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guidance of more experienced teachers, however they consider that the support of these
mentor teachers is crucial in the knowledge of the practice and professional development of
the teachers in formation.

The study carried out by these authors found that the level of participation of the mentor
teachers in the creation of knowledge was generally high, which may indicate the relevance
of the first experiences of the preservice teachers and how their learning can be promoted
through the advice of the experienced teachers. It is also suggested that less directivity of
these, offers greater opportunity for preservice teachers to acquire higher level knowledge.

Bond (2011) argues that the concept of teacher leadership should be introduced in initial
training, and teacher training programs, under the guidance of mentor teachers, are the ideal
place to begin to develop the knowledge and skills of teachers in training by providing them
with a leadership framework. By starting this process early in their careers, they will be
better prepared to take increasingly consistent roles at the leadership level.

On the other hand, Izadinia (2015) found that, although mentor teachers did not create very
significant changes in the professional identity of the preservice teachers, they can
influence them positively or negatively. In this way, when the orientation relationship is
positive and the expectations of the preservice teachers are reached, they tend to obtain a
higher level of confidence in their capacities as a teacher, which can have a significant
impact on the construction of their professional identity.

Vieira & Moreira (2001), refers to some supervisory strategies that can be mobilized,
namely, self-questioning or self-assessment, reflexive dialogue, documentary analysis,
inquiry, observation of classes, professional narratives, teaching portfolio and action
research; which correspond to the following instruments: questionnaires, field notes,
reflexive records, audio and video recordings, grids and scripts.

One of the strategies most used in preservice teacher education programs around the world
is peer coaching, aiming to improve teachers' professional practices and development,
according to Lu (2010). In this case, from a perspective of expert coaching, where more
experienced teachers support teachers in training (Ackland, 1991 quoted in Lu, 2010). In
this strategy, class observation is very important, which normally includes three main
phases: pre-observation, observation and post-observation, where in order to make the
observation cycle operational, time is required for teachers to gather before and after class.

According to the same author, for the development of this strategy, it is important to
guarantee three conditions: a) a programmatic vision that believes in the strategy potential
for the development of future teachers, b) an organized, balanced and significant program,
and c) an implementation phase followed by constant evaluation (Lu, 2010).
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Regarding the evaluative issue associated with the pedagogical supervision process, some
relevant ethical guidelines are also highlighted, which allow us to support procedures for a
fair assessment. These should obey the following principles: rigor about the normative
framework, principles and objectives; clarification on the role of each player involved in
the assessment relationship; diversification of observation and information collection
strategies; and transparency in the presentation and use of the collected information, based
on intelligibility schemes of practical knowledge (Batista, 2011).

3. The role and functions of the mentor teacher

The mentor teacher is one of the key elements of the leadership and supervision process, in
which it is intended to promote reflective and collaborative capacity, so that it contributes
to the autonomy of the preservice teachers, the construction of professional knowledge and
the improvement of quality of education, according to Azevedo (2012).

Vieira (1993) describes five general functions of the mentor teacher: i) to inform: its
primary function is to provide relevant and updated information, in the scope of
supervision, observation and didactics, according to the teacher training objectives and
needs; ii) to question: must be able to problematize, questioning the reality that observes,
equating the problems of practice and looking for alternative options; iii) to suggest: should
propose ideas, practices, solutions, motivate and encourage the realization of projects and
classes for which both are responsible together; iv) to encourage: in the context of
interpersonal relationship, as the affective load can influence the teacher's emotional
balance, as well as his overall attitude towards the professional training process; v) to
evaluate: mainly in its formative sense and not only of classification, being essential the
specification of the evaluation procedures.

Also Alarcdo and Tavares (1987), define some functions of the mentor teacher,
emphasizing: establishing and maintaining a good affective-relational climate; developing a
spirit of reflection, self-knowledge and innovation; to plan the teaching-learning process of
students and the teacher; to determine the aspects to be observed and establish observation
strategies; to analyze and to interpret the observed data; to evaluate the teaching-learning
processes and to define the action plans to be followed.

When we refer to the functions of the mentor teacher we are also associating them with
those of the university teacher, as an element of the supervision process, despite their more
specific presence in the cooperating schools. Levine (2011) also suggests two additional
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features that may be needed to promote best practice among supervisory teachers: meet
expectations and share information about their role and time frame for collaboration.

According to Mena, Hennissen and Loughran (2017), it is also very relevant to take into
account the skills that mentor teachers use in their practices, and to what extent their
support can facilitate the acquisition of knowledge and professional development. They
also conclude that supervisory skills can lead to effective reflective practice, as long as the
process is well defined and deliberately implemented through teacher training programs.

4. Method

Methodologically, this is a case study with participant observation, within the scope of the
Master's Degree in Teaching Economics and Accounting of the Institute of Education of the
University of Lisbon, the only master's degree in Portugal that gives the professional
qualification for teaching in secondary education in Economics and Accounting.

In the context of the Bologna Process, the level of professional qualification for teaching
became the masters degree, particularly in Portugal. This increase in the qualification of the
teaching staff aimed at strengthening the quality of their preparation and enhancing their
socio-professional status. The new system of professional qualification for teaching gives
special value to the area of professional practice, as the privileged and irreplaceable
moment of application of knowledge, skills, competences and attitudes to the real context.

The aim of this study was to analyze the main aspects for a relationship of effective
collaboration, reflection and sharing of practices in the process of pedagogical supervision
in the initial teacher education.

Based on a qualitative methodological approach, this case study was based on two classes
from the last two school years, totaling 24 preservice teachers, 17 mentor teachers and 4
HEI teachers.

The case study methodology is an approach that is well suited to research in education,
where the researcher is confronted with complex situations in which it is difficult to select
variables, but in which one tries to describe and analyze a phenomenon and its interactions
(Yin, 1994).

In addition to the characterization of the classes and contexts, through documental analysis
and interviews conducted by the preservice teachers in the schools where they developed
the supervised teaching process, the data were collected through participant observation by
the HEI teachers. Field notes were made of these observations and also of the informal
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meetings and interviews with the mentor teachers before and after the observation of the
classes in the cooperating schools, with descriptive and reflective records, which allowed to
record the most subjective part of the observation and to constitute a report of research
(Bogdan & Biklen, 1994). Class observation was supported by purpose-built observation
grids.

Data analysis was performed through content analysis, and was subjected to triangulation
by diversification of instruments and researchers, since the observation of classes has been
carried out on several occasions as a pedagogical pair by HEI teachers, to give greater
accuracy in the collection and analysis of the data (Denzin, 1984).

5. The supervised teaching practice in the Master's Degree in Economics and
Accounting Education

The supervised teaching practice begins with visits to the school, interviews and
observation of the work developed by the mentor teacher, which complement the seminars
at HEI. The second year is developed with the assistance and teaching of classes, assuming
the students progressively the most complete exercise of the teacher’s functions.

The work developed by the master's degree seeks to appropriate knowledge and the
development of their professional capacities, through planning, teaching, reflection and
evaluation activities, which will be supported by the research that the student will describe
in a final supervised practice report in a field diary, which includes a description component
of observations and a reflective one.

In the leadership and supervision process, the observation of classes, usually by the mentor
teacher and sometimes by one ou two HEI teachers, is one of the most important strategies
used, since it allows the observation in real context of the development of competences,
namely autonomy, relation with the students, reflective and collaborative capacity.

In this process, we followed the guidance of Reis (2011), having developed the necessary
procedures so that before the observation of the teachers' training classes, the mentor
teacher clarified the objectives of the observation and discussed: the rules for the
observation, the integration of this curriculum and planning, the objectives of the class, the
strategy and potential evidence for its realization, the possibility of differentiation from
some students, the dimensions of observation, and also explain what they would do during
observation with date setting and time for the feedback meeting.
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During the observation, the supervising teachers sought to minimize their presence in the
room, record their observations according to established standards, record impressions and
questions for the feedback meeting. In this meeting, following the defined procedures, they
also sought to reconstruct, together with the preservice teacher, the events of the class, to
ask him to reflect on what he considers to have gone well in class, what he would like to
improve and how, and to mention possible atypical situations. We also took care to describe
the observed behaviors rather than evaluate them, as they should be concrete and specific,
focus on behavior that the teacher in formation has the capacity to modify, and finally,
constructive suggestions were presented.

Throughout the developed supervision process, it is considered important to provide
collaborative situations of teaching, assessment and learning, with individual and joint
reflections, in order to promote autonomy and shared interaction, contributing to
professional development and co- knowledge of the various stakeholders.

6. Conclusions

Supervised practice can have a profound impact on teachers in their initial training,
depending on whether or not the leadership and oversight process they have involved has
influenced them. It must sustain the necessary link between theory and practice and allow
the construction of its professional identity.

Despite the evidence found in different contexts about the value of "clinical practice", its
impact is mainly determined by the interaction between the various actors (Levine, 2011).
Therefore, in the same vein, this study also highlighted the importance of seeking long-term
lasting partnerships with experienced mentor teachers from cooperative schools for the
training of future teachers and, secondly, to be concerned with the development
professional and training of mentor teachers, or even by creating supervising teacher
communities.

In this way, clinical practice may also be relevant in terms of its impact on experienced
practitioners involved, in particular the benefits they perceive, as they are encouraged to
engage critically in sustained research perspectives when in-service teachers and evaluate
their own practice (Burn, & Mutton, 2015).

In summary, this study found the importance of the clarification of the objectives and the
process, the joint analysis and reflection of the observed events and the suggestions for
constructive improvement offered to the future teachers, as well as the concomitant
possibility of professional development of all actors in the process.
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Abstract

The use of Information and Communication Technologies (ICT) in
educational contexts has focused its greatest efforts on the acquisition and
use of technology. This makes necessary a conceptual and methodological
redesign of its use, one that integrates all the members of the organization
and generate permanent changes in the culture of the organization (Salinas,
2005). The management of educational institutions is crucial to normalize
experiences and provide references that can be integrated into environmental
conditions. Despite this, educational management has been relegated to the
studies of innovation in education supported by technology, with little
systematized information in this regard (Sunkel, Trucco, & Espejo, 2013).
The present work uses bibliographic techniques to analyze the trends that
have been followed in Latin America in terms of educational management for
the adoption of ICT. The influence of public policy on the promotion of these
programs is observed, as well as the need for a theoretical methodological
support for the development of an integral management model, in which the
technology component does not constitute a parallel item..

Keywords: Educational management, ICT policies, innovation.
1. Introduction

The notion of Information and Communication Technologies (ICT) as a relevant element
within the innovation processes of organizations, including educational ones, is
increasingly accepted (Cifuentes, 2016; 2016; Kozma, 2010). Likewise, the notion of ICT
as an innovative element is reinforced by recent empirical studies of the OECD (2012),
pointing to a positive relationship between adoption and use of ICT and the economic
performance of its member countries at micro and macro levels.
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In its report on innovation in the knowledge economy, the OECD (2004) points to ICT as a
driver of innovation along with three other major drivers: scientific knowledge,
collaboration between user-makers and modular structures. Thus, the creation of user
networks and the flow of shared knowledge are valued as articulators of innovations with
the potential to break into the entire system and not to only be absorbed by their current
practices.

In the education field, ICTs have been identified within public policies as elements of
innovation with expectations of knowledge potentialization and democratization of
education, producers of development with equity (Lugo & Brito, 2015; Represas, 2015).
These expectations have risen ICT initiatives in almost all countries, with emphasis on the
provision of infrastructure and improvement in access indicators.

Nevertheless, results from ICT incorporation in education do not show the expected scope
and effectiveness; suggesting that they have not revolutionized but reinforced existing
teaching methods, curricula and educational goals (Watson, 2006; Torres, 2010). In other
words, they have been assimilated by current systems without having generated the
anticipated disruptive effect. Similarly, UNESCO (2011) points out that policies have the
capacity to add value to the educational processes and system results; as long as they are
considered a systemic change. In this systemic perspective policies are capable of
promoting innovations based on technology. Yet, innovations could occur throughout the
system and still not change it, if their objectives, practices and structures remain
unchanged.

Cifuentes (2016) considers that future research on ICT should consider the area of
implementation (execution) of education policy as a key part of the analysis of
contemporary educational policies in the Latin American context. Is in the execution where
we find the reinterpretation of policy that is carried out within the organizations to
integrated it into the existing structure and processes. Thus, it is necessary a methodological
redesign in relation to the adoption of technology, to integrate all the actors and generate
permanent changes in the organization (Salinas, 2005).

An understanding of the integration of ICT in teaching-learning processes reveals that there
is a close relationship with politics, under which the academic, administrative and
organizational aspects are intertwined (Cifuentes, 2016). This internal management of
educational institutions combines quality assurance systems and accountability practices of
both academic and administrative personnel; including discourses of efficiency in the
practice of public management. Strategic plans increase success in the integration of ICT in
educational contexts (Cifuentes & Vanderlinde, 2015). Despite this, the influence of ICT
management models in schools as part of the implementation of public education policies
has not received enough attention and has been relegated from studies of innovation
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supported by technology in education. As a result, there is little systematized information
about it (Sunkel, 2013; Cifuentes, 2016).

Management can be defined from different perspectives. If observed from the organization
actors interactions, it can be understood as "the ability to articulate mental representations
of the members of an organization" (Casassus, 2000, p.4). In order to observe the
implementation of public policies, we consider the ICT management in education from the
paradigm of the mobilization of resources (material, human and social).

The objective of this work was to identify representative ICT integration programs in
educational activities presented in recent decades in Latin America, as part of the
interpretation and adaptation of public policies to the particular context. The aim is to
emphasize the mechanisms established by the actors to assume the strategic planning of
innovation from the day-to-day management of the school. To meet this objective, an
exploratory study based on bibliographic techniques was proposed. The literature review
methodology uses both public documents from official government sites and supranational
organizations, as well as articles in scientific databases that account for regional
experiences in the field and meet the criteria of thematic and temporal relevance.

Results from the study provide a descriptive framework for the recent implementation of
ICT educational public policy on several Latin American countries. It presents the
relationship between strategies and management that have been developed in each
particular case for the adoption of technological resources and their adaptation to the
contextual characteristics. This review contributes both to the analytical reflection of the
processes of adoption of innovations, and to establishing comparisons of the management
models used in the educational field to interpret and execute public policy from a pre-
existing organizational structure.

2. Methodology

In order to meet the established research objective, an exploratory study based on
bibliographic techniques was developed. According to Chong (2007, p.187), a documentary
research "is the methodical and formal process that facilitates and supports the agile and
systematized access to the product of scientific research, reported in documentary sources".
Its importance lies in that it "leads to the collection of information, systematically,
analytically, synthetically and critically".

Documents with the following characteristics were included in the review:
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e Bibliographic database; including peer reviewed articles and books published in
Spanish or English from year 2000 to date .

e Databases of international organizations for education and economic development:
UNICEF, OECD, CEPAL & SITEAL.

e Electronic pages of government agencies; Colombia, Mexico & Argentina.

In the end, more than 70 articles from scientific journals, 4 databases and 3 government
websites were analyzed. For each coincidence, priority was given to the existence of an
exposition of the policies that went beyond the discourse analysis to focus on the
experiences and their results; preferably from the actors vision.

3. Results

Countries in Latin America are part of a heterogeneous region, where great socioeconomic
inequalities are yet present, despite most of them having a democratic process and a
growing economy in decades (Lugo & Brito, 2015). According to the OECD, governments
consider ICT to be an important platform for research and innovation in all sectors.
Consequently, its main associated areas of interest are: penetration of bandwidth, research
and development in ICT, financing for innovative entrepreneurship, and diffusion of
technology in business. Particularly with regard to ICT, the priorities during 2012 of the
member countries of the OECD were: ICT skills and employment, online government, as
well as the security of information systems and networks (OECD, 2012).

Still, schools in less developed countries, such as those in South America, face more
barriers to the use of ICT in addition to the primary represented by accessibility. Some
range from access to computers, lack of software, technical and administrative support,
teacher training, internet access and, in some cases, even lack of electricity in some areas
(Kozma, 2010).

Hence, about 44% of developing countries have developed national plans for the growth of
the ICT sector and another 20% are in the process of developing them. Although a large
number of countries are reported with plans to accelerate infrastructure, more specifically
the adoption of bandwidth, there is great diversity among them in terms of objectives and
policies. Remarkable is also the fact that in many of the programs there is a lack of
theoretical bases to carry out the evaluation of the effectiveness of such ICT policies
(Prashant, 2015). Some of the ICT programs settled in Latin America as part of the strategic
development initiatives are shown in Table 1.1. This list does not intend to be exhaustive,
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within the same country.

Table 1.1. Strategic programs in Latin America for the incorporation of ICT in education.

Argentina Educ.ar
Programa Nucleos de Acceso al Conocimiento
Bolivia Una computadora por docente
Brasil Programa Nacional de Acesso ag Ensing Técnico e Emprego (Pronates)
Programa Nacional de Eprmacio Continuada em Tecnologia Educacional (Integrated Prolnfo)
Colombia Educa Digital Colombia®
Programa de Formacion de Educadores CREA-TIC: Inspirar, Crear y Disefiar Aprendizajes con TIC
Costa Rica Plan Nacional de Tecnologias Moviles (PNTM). Tecno@prender
Programa Nacional de Informatica Educativa (PRONIE MEP-FOD)
Cuba Joven Club de Computacién y Electrénica (JCCE)
Chile Formacion Docente para el Desarrollo de Competencias TIC
Tecnologia en el Curriculum
Republica Agenda Digital
Dominicana Programa Compumaestro 2.0
Ecuador Agenda Educativa Digital
Plan de Acceso Universal y Alistamiento Digital
El Salvador Programa Creando Conocimiento
Programa “Cerrando la brecha del conocimiento™
Guatemala Estrategia para una Educacion de Calidad para la Nifiez v Juvenitud Guatemalteca
Honduras Agenda Digital de Honduras 2014-2018
Mexico Estrategia Digital Nacional
Mexico conectado
Nicaragua Provecto de Telecomunicaciones rurales
Panama Aprende al Maximo
Para, Piensa, Conéctate
Paraguay Plan Director TIC
Alfabetizacion digital (Infocentros comunitarios)
Peri TIC para la educacidn piblica
Plan de Desarrollo de la Sociedad de la Informacion en el Pera La Agenda Digital 2.0
Uruguay Uruguay Digital
Plan Ceibal (Conectividad Educativa de Informatica Basica para el Aprendizaje en Linea)
Venezuela Plan Nacional de Alfabetizacién v Formacion Tecnolégica

Source: SITEAL (2019)

In the case of Peru (Balarin, 2013) there is a lack of systematized official information to
allow the analysis of the impact of ICT policies in recent years. Likewise, the alternation
between two trends is reported: centralizing the management of ICT policies and
mainstreaming at all levels and spheres. In counterpart, Colombia is an example of the
development of an ICT policy with a strategic vision; addressing elements such as
infrastructure, human capital development, improvement of teaching practices with
technology and management and production of digital educational resources. Thus, through
its PlanESTIC program, higher education institutions were encouraged to develop,
implement and evaluate their own plan (Cifuentes, 2016; Galvis, 2014). In this flexible
way, the characteristics of the context and the culture of the organization could be
considered within its own strategy of technological appropriation and policy execution.
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Argentina, for its part, has recognized both the financing difficulties involved in the
obsolescence of ICT, as well as the importance of linking the public and private sectors in
these initiatives. Its Connect Equality Program aims to go beyond the provision of
infrastructure, to reorganize the actions of institutions in the same field; recognizing the
importance of communication policies in educational management (Vacchieri, 2013). In the
same case is Costa Rica, where ICT projects are developed in conjunction with a non-profit
organization promoted in 1987 by the Costa Rican government, the Omar Dengo
Foundation. In this country, a comprehensive management model is reported, covering the
operational framework, infrastructure, monitoring and evaluation (Mufioz, et al., 2013).

In addition to Costa Rica, Uruguay is one of the few countries in the region that has an
evaluation program for its social and technological inclusion plan (Plan Ceibal), which
includes quantitative and qualitative approaches. However, this program has been
repeatedly pointed out to the lack of articulation with the formal education system, being
developed without the participation of educational authorities or teachers (Vaillant, 2013).
This is a case in which political aspects have a strong influence on the development of
programs. In Mexico, educational innovation programs are also strongly linked to changes
in public administration and have a strong political component. Current models in Mexico
include computer labs, educational portals and digital content, the provision of computer
equipment to classrooms and the emergence of the 1 to 1 approach (Diaz Barriga Arceo,
2013).

In general, from the aforementioned strategic programs it can be observed that, even though
ICT employment for education and innovation has appeared on the Latin American
political agenda, it is not clear that they are accompanied by a theoretical support that
strengthens its employment at classroom level and benefits its effective appropriation by
the community members in which them seeks to influence. The strategies used vary from
connectivity improvement, equipment provision and teachers training; to external
participation proposals with financing purposes. On the other hand, there is no evidence of
the development of an integrated management system in schools, one which includes the
systematic information collection that allows its evaluation, as well as a precise definition
of evaluation criteria.

4. Discussion

Literature shows that, although Latin American countries are formalizing strategic plans on
ICT, most of them do not incorporate evaluation systems on their implementation
(Cifuentes & Vanderlinde, 2015) nor sistematic data collection. This is a characteristic that
differentiates the region as well as the remarkable social and economic differences found.
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However, it can be seen how innovation through ICT has opened its way in the regional
political agenda and the existence of a gradual progress in the areas of infrastructure and
access.

For Casassus (2000) there is a problem of divergence of objectives in the management,
from the scale perspective. Thus, politics is located at the macro level and deals with the
economy from a pragmatic and neoliberal perspective; while the micro level is devoted to
student learning, from pedagogy. The tensions originated are observable when the design of
policies does not consider elements to articulate them. That is why considering the
incorporation of ICT as regular part of educational management allows an association
between technological innovation and the culture of the organization, an articulation that is
yet lacking in the implementation of those policies. This work we has recovered multiple
existing regional initiatives and some of the difficulties they face from the dimensions of
context, policy and theoretical foundation. It also presents the need to approach the
phenomenon from a systemic position that combines the communication of the discourse
within the organization with its substantive processes.
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Abstract

Music composition is embedded into the Viterbo University music theory
curriculum to promote active engagement of musical materials. The project
accomplishes three basic complementary outcomes: 1) Students will be able
to creatively apply and develop the foundations of music theory learned in
their first year of university-level music study, 2) Students will develop
proficiency using music writing software, and 3) Students will overcome their
fear of composition and gain confidence as musicians. Students are taught
foundational concepts during the first four semesters of music theory; these
concepts are creatively applied and developed in the gestation and birth of a
musical composition that is original and personal. Meaning and purpose,
combined with guidance and encouragement, sustain these freshmen and
sophomore students over a five-month process of framing a concept,
composing music, editing their scores, and finally rehearsing and performing
their works. The “concept” for the 2018-2019 freshmen and sophomore
music theory students was a collaborative venture with Gateway Christian
School, which is part of Project Gateway in Pietermaritzburg, South Africa.
Poetry written specifically for this project by Grade 7 students was collected
and given to Viterbo University students for setting. The student learning
outcomes, as well as the global focus of the project are excellent examples of
the value of high-impact teaching and learning.

Keywords: Music education, composition, project-based learning.
1. Introduction

High-impact teaching requires teachers who are dedicated to teaching beyond the
information at hand. In order to make a vital connection with students, teachers must
employ a variety of techniques to engage, encourage, and ultimately help students retain
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and make relevant connections with subject matter. This paper will present essential
qualities for high-impact teachers and describe a class music composition project that
offered students deeper learning in music, as well as a broader view of culture. The paper
will also propose that high-impact projects such as the Viterbo University music
composition project reinforce learning and build student confidence.

2. Creativity, Meaning, and Purpose

2.1. Introduction

Imagine yourself a ninth grader living in southern California on the first day of school.
You seat yourself in the back of English 9 because you still haven’t learned to spell and
would prefer to stay unnoticed and uninspired. The bell rings and a handsome young man
with a cool haircut and red tennis shoes walks into the door. He is funny, smart, and works
hard to make a connection. You decide to pay attention.

2.2. The Courage to Teach Creatively

Matt Haupert was recruited (2013) by TEACH FOR AMERICA, a self-described “diverse
group of leaders with a record of achievement who work to expand educational
opportunity, starting by teaching for two years in a low-income community.” He was hired
to teach English at the Community Charter Early College High School in Lakeview
Terrace, California, and although he doesn’t have an education degree, he uses his
background in theater and English to teach composition, literature, and poetry. He uses live
turtles, humor, and any other manner of ingenuity to get his students excited about the
material they are studying. In his words, “Today I gave my students the option of either
sitting in their chairs or standing on their desks during our discussion of Lord of the Flies.
One student's response: ‘Well, gee, Mister...this class is sure abnormal!’”

2.3. Engagement vs. Entertainment

Engaging students at that level would have been criticized as “entertainment” when the
author was a student thirty years ago. Back then, teachers received high marks for having
instant recall and delivering an organized lecture (which is still commendable) and
generally, cultivated a more objective approach to education. Thirty years ago, fine

! Teach for America: https://www.teachforamerica.org/our-mission. web
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teachers with a natural inclination toward presenting material in a creative and engaging
way were more rare, especially in university settings. A few stand out. Retired Minnesota
teacher Reuben Patnaude (Grand Rapids MN, School District #318), was an art teacher who
didn’t believe in coloring books, so supplied his students (and children) with paper, paints,
crayons, clay, and other materials for various class projects. Without controlling the
outcome, he unfolded the principles of design, color, and texture in the same way that Matt
approached a lesson on Lord of the Flies—out of the box.

At the collegiate level, master teacher Shelley Gruskin (College of St. Scholastica) made
sure that each class period was a step into a world of possibility.” He went so far as to
cobble together an Elizabethan-style masque, writing parts for each of his students in a
staged public performance—unusual at a time when grasping the material didn’t involve
getting out from behind a desk.

Each of these teachers made an impact on the author of this paper, and their quest to make
an indelible impact on each student’s learning was achieved by the meaning and purpose
they brought to the subject matter. In the same way that Reuben Patnaude aimed at refining
the way that his students looked at the world (recognizing negative space and the nuances
of artistic hues), the Viterbo University music composition (“Project Gateway” 2018-2019)
was designed to help students experience music more as a creator than a consumer.
Students involved in “Project Gateway” were given license to make an extraordinary
amount of choices - affording them meaning and ultimate ownership of their creative work.

2.4. The Soul of the Classroom

In his book, “The Courage to Teach,” Parker Palmer describes the ideal environment for
teaching/learning as a community of truth that promotes living and learning in a purposeful
manner. It is not enough to know things (which he describes as “objectivity”) but to
recognize that education, at its very best, pursues excellence through meaningful and
purposeful relationships. He writes, “Teaching, like any truly human activity, emerges
from one’s inwardness, for better or worse. As | teach, | project the condition of my soul

onto my students, my subject, and our way of being together.”

Viterbo student Alivia Schmidt-Sanders composed “Hide and Seek” as part of “Project
Gateway.” Her composition was based on a poem by Gateway Christian School 7" grader,
Munaste Chilembetembe. Alivia described the creative work that she did to capture the
youthfulness of Chilembetembe’s poem.

2 Zander, Benjamin and Rosamund Stone Zander. The Art of Possibility. Boston: Harvard Business School

Press, 2000.
3 palmer, Parker. The Courage to Teach. San Francisco: John Wiley and Sons, 1998, 2007, 2.
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Basing my composition off the poem “Hide and Seek” by Munaste Chilembetembe
was not only a great opportunity to get in touch with my creative side, but it was a
chance to create something truly authentic inspired by my favorite kind of person, a
child. Throughout the poem, the reader gets the impression of children at play, and |
tried to capture that youthful feeling in my song. The melody of this piece is akin to the
voices of children while they interact with each other. The song should make the
listener feel like they are ten years old again, playing hide and seek with their friends in
the backyard. The simplicity of the original poem allows for this time-travel to a
simpler time in all of our lives where our only worry was staying quiet long enough to
win a game of hide and seek. In a world full of hard challenges and tough decisions, it
is always important to remember to live a simpler life like that of a child.*

2.5. Fostering Intellect and Spirit

Palmer claims that the greatest teachers are those who foster and develop intellectual,
emotional, and spiritual aspects of the learning process in their students. His particular
focus is one’s “inner landscape” and writes about the type of outcomes that fully meet the
demands of our global landscape. “To chart that landscape fully, three important paths
must be taken—intellectual, emotional, and spiritual—and none can be ignored. Reduce
teaching to intellect, and it becomes a cold abstraction; reduce it to emotions, and it
becomes narcissistic; reduce it to the spiritual, and it loses its anchor to the world. Intellect,

emotion, and spirit depend on one another for wholeness.””

The “Project Gateway” music composition project incorporated the three important paths,
described by Parker Palmer. The intellectual path involved compositional technique and
software navigation, while the emotional and spiritual paths converged at times, but
ultimately lay in the personal connections that each young composer made with his/her
music compositions.

Student Zoe de Boer’s “Spring Is Back,” was based on a poem by Gateway Christian
School 7" Grader Siphokazi Hleta. Zoe’s program notes convey the emotional and spiritual
dimensions of music composition. The focus on Parker Palmer’s “inner landscape” is
evident:

| fell in love with the poem, “Spring is Back.” The lyrics are so delicate and gorgeous.
The language you [Siphokazi Hleta] used is mature and I think | was able to create a
composition that showed the feelings that were caused inside my own heart when |
read your [Siphokazi Hleta] poem. | have been deeply influenced by music performed
at Feinstein’s/54 Below, which is a very elite performance venue in New York City. |

* Program Notes, Viterbo University Music Department Forum; Friday, January 25, 2019.
5
Palmer, 2.
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created a song that reflects something that could one day be performed there. | wrote
rhythmic lines that mimic human speech. | am so excited to share my piece, using your
voice with the world.®

2.6. Best Practice in the Classroom

Matt Haupert, Reuben Patnaude, and Shelley Gruskin are examples of teachers who
espouse and engender creativity, meaning, and purpose in the classroom. They teach the
subject-at-hand hoping that their students will use it for a greater purpose beyond the
classroom. Like Parker Palmer, they convey passion for their subject matter in a way that
becomes meaningful for their students. They provide us with “best practice” lessons that
aren’t narrowly focused on material, but include experience and reflection, while increasing
possibilities in the classroom. Daniel Pink, in his book Drive, describes a necessary “third
drive” that supports Palmer’s intrinsic model: “The science shows that the secret to high
performance isn’t our biological drive or our reward-and-punishment drive, but our third
drive—our deep-seated desire to direct our own lives, to extend and expand our abilities,

and to live a life of purpose.”’

2.7. Generating a Spark of Possibility

Conductor Ben Zander and his wife, Rosamund, incorporate creativity, meaning, and
purpose into a practice they call enrollment.® Mr. Zander works with high-achieving
musicians at the New England Conservatory and abolished grading in his class because it
increased anxiety and fear in the pressure-filled world of music performance. When they
enter his classroom each week, they practice enrollment, described as “generating a spark

of possibility for others to share.”®

Zander writes,

“We have at our fingertips an infinite capacity to light a spark of possibility. Passion,
rather than fear, is the igniting force. Abundance, rather than scarcity, is the context. So
the practice of enrollment is about giving yourself as a possibility to others and being ready,
in turn, to catch their spark. It is about playing together as partners in a field of light. And
the steps to the practice are:

1. Imagine that people are an invitation for enrollment.

2. Stand ready to participate, willing to be moved and inspired.
3. Offer that which lights you up.

4. Have no doubt that others are eager to catch the spark.”*

® Program Notes, Viterbo University Music Department Forum.

" Pink, Daniel. Drive: The Surprising Truth about What Motivates Us. New York: Riverhead Books, 2009, 145.
8 Zander, 125.

9 Zander, 125.

10 Zander, 126.
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Most of the students in the Viterbo University music department are singers who perform
together regularly in choral ensembles and productions. Their collaborative work
continually invites them for “enrollment” and participation in both performance and
classroom activities. The “Project Gateway” composition project was no exception. Nathan
Janzen’s notes for his setting of Sthabile Ngoego’s poem, “I Like Pizza,” emulates the art
of possibility that Zander describes in his work.

The poem I selected was “I Like Pizza” by Sthabile Ngeobo. The most attractive aspect
of the piece to me was its short and sweet theme, which | decided to use ironically by
putting it in a drawn-out operatic setting. | have really enjoyed working with this text
and hope to see more works from this writer in the future. Sometimes the simple things
in life are taken for granted—even the wonders of pizza and strawberries—but this
experience with Gateway Christian School has not been one of those times. | would
like to thank Shtabile and the staff of GCS and Viterbo for making this all possible.™

3. Conclusions: The Challenges and Rewards of “Project Gateway”

3.1. Overcoming Obstacles

Fear can be a formidable obstacle to creativity. The typical college music major memorizes
part-writing rules and properly ascribes Roman numerals to musical excerpts from Bach to
Berlioz, without ever writing a phrase of their own music. Many would prefer to reserve
that work for musical geniuses like Mozart and Bartok. These “musical geniuses”
exchanged ideas with one another and improved their performance and composition skills
by creating and re-creating music (as well as requiring the same from their students).*?

Today, there remains a shrouded mystique that reserves music composition for musical
icons like Wolfgang Amadeus Mozart, Ludwig van Beethoven, Clara Wieck Schumann,
and Amy Cheney Beach. In fact, the general lack of creativity in music education today
has become an obstacle to music composition. Contemporary performers are more
concerned with interpretation (adding fingering and other interpretative markings in
performance scores) than they are with the creative process. Performers are expected to
perfect what’s in the score, but aren’t required or even encouraged to perform their own
original works. When students begin to compose, their experience more closely resembles
that of the “musical geniuses,” and ultimately changes the way they interpret music.

1 program Notes, Viterbo University Music Department Forum.
2 Mann, Alfred. Theory and Practice: The Great Composers as Teachers and Students. New York: Norton, 1987, p. 7.
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3.2. A New Way of Thinking

The theory program at Viterbo University has been successful with various active-learning
analysis projects, but there was significant improvement in the students’ understanding of
musical material when they began composing their own works. The idea was both personal
and creative, yet required freshmen and sophomores to utilize what they learned in their
respective theory classes. If they invested themselves in the project, there would be what
Daniel Pink describes as the perfect “symphony.” In his book, A Whole New Mind, the
perfect symphony is “the ability to put together the pieces. It is the capacity to synthesize
rather than to analyze; to see relationships between seemingly unrelated fields; to detect
broad patterns rather than to deliver specific answers; and to invent something new by
combining elements nobody else thought to pair.”**

3.3. Values - An Ocean Apart

When Dr. Mary Ellen Haupert joined Dr. Matthew Bersagel-Braley, and a VUSM 300
(Viterbo University Mission Seminar) class in May 2018 on a trip to South Africa, she had
no idea that the trip would provide the “concept” for the 2018-2019 music composition
project. Even after collecting poetry from the 7" grade English classes at Gateway
Christian School/Project Gateway, and presenting the poems to Viterbo music theory
students, there was still the risk that the project might fail.

Even so, it offered some powerful social and historical lessons to Viterbo students.
Situated in a land that has been socially ravaged by apartheid, South Africa’s Gateway
Christian School/Project Gateway is committed to the education and training of children,
young people and adults who would otherwise not have access to affordable, quality
resources. Gateway Christian School/Project Gateway is also located in the “Old Prison”
in Pietermaritzburg, South Africa, and contains a history museum with displays of political
prisoners” Nelson Mandela and Mahatma Gandhi’s incarceration.* The cultural lessons
were invaluable, even without the music.

3.4. The Challenges of Distance Collaboration

“Mixing cultures,” from the start, was both difficult and exciting. Even though all the
poems weren’t set to music, there was a tremendous level of engagement from the music
theory students. At the end of the fall semester, students submitted a working draft of their

13 pink, 130.
14 . .
The Old Prison, Project Gateway, web.
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compositions, and at the beginning of the spring semester, students spent two weeks
rewriting, editing, rehearsing and finally performing their works at the weekly music
department forum. The performances were recorded and posted on YouTube so that our
friends at Gateway Christian School could see the fruit of their work.™

Unfortunately, there wasn’t an opportunity for a personal connection between each poet and
composer. Though Gateway Christian School was happy to receive “Project Gateway” and
share it with the teachers and students, we weren’t able to facilitate conversations between
each poet and composer, which might have brought deeper meaning to the process.

3.5. Accomplishing a Goal

Even without the personal connection between poets and composers, “Project Gateway”
achieved its student learning outcomes. Students developed music theory skills while
making choices about key, meter, melody, harmony, and rhythm; through their synthesis of
musical elements, they became better interpreters of music. They applied elements of
music to produce a work of art, while gaining proficiency with music writing software.
They also gained confidence as musicians, while learning about the struggles and
challenges of another culture. When the “Project Gateway” music theory compositions
were performed at a Viterbo University Department of Music forum on Friday, January 25,
2019, the world seemed a bit smaller.
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Abstract

In some of our previous articles, we have analysed and discussed the goals of
physics education at secondary schools and some aspects of physics
education at the secondary school level. In this contribution, we proceed
with bringing our experience with the preparation of new physics teachers at
Comenius University in Bratislava. We discuss the theoretical background
we used as a base for preparing the curriculum for university students —
future physics teachers, and we highlight some aspects of their preparation.
Primarily, we focus on the development of abilities to scaffold the learning of
their future secondary schools' students. In details, we describe the ways we
try to improve the abilities of our students to scaffold their future secondary
schools' students in concept formation, process skills development, in
planning and processing inquiry, ability to scaffold practical work with
literature. As a vast majority of our graduates will teach their secondary
school students in the Slovak language, which is a language used by a small
number of people (5 mils). So we discuss also some specifics related to
physics textbooks for secondary schools in Slovak language, university
textbooks available in Slovak language and ability of our university students-
future physics teachers to work with sources written in English. At the
conclusion, we propose some possible improvements, hopefully, inspiring
also for preparation of physics teachers for other educational systems.

Keywords: physics teacher, pre-service teacher, teacher preparation, physics
education.
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1. Introduction

Preparation of physics teachers at Comenius University in Bratislava has a long history,
which, of course, has some influence on the present state. In this contribution, we discuss
the present state and some innovations we are applying these years.

Future physics teachers are prepared in combination with another subject, most of them
with mathematics, and for higher and lower secondary education. Based on Shulman’s
domains of teacher knowledge (Shulman 1987), transformative model of teachers
preparation is preferred, integrative is tried to avoid. The courses are focused mainly on
pedagogical content knowledge (PCK), subject matter knowledge (bachelor physics course,
adapted for future teachers) and educational psychology. Some time is also devoted to
curricular knowledge (oriented on Slovak national curriculum and often compared with
International Baccalaureate curriculum); knowledge of learners (as a part of educational
psychology); knowledge of educational contexts and knowledge of philosophical and
historical goals of education.

Even if our university preparation of physics teacher is based on upper-mentioned
decisions, we can say that the present state of physics teachers preparation in Slovakia can
be described as unsettled, quite changing. A similar situation can also be seen in many other
educational systems. Even if the author of this contribution is also the main author of the
national physics curriculum, which was formulated more than ten years ago, it can be said
that it needs reform. Some schools in Slovakia try to adopt some aspects of physics
education from other educational systems. It must be mentioned that most of such attempts
do not bring internally consistent sights.

In the world, we can see some innovation paths. Some systems emphasis content of physics
education and utilise instructional methods, cognitive constructivism methods. Some of the
others put the accent on the child, pupil, on the learner. Exceptional are the ways colleagues
from Finland and Norway decided to develop, where the emphasis is put on projects,
complex problems inquiry, where pupils gain knowledge via complex real-life problem
solutions well scaffolded by experts (including teachers). Interesting is also a relatively new
approach, in which experts on practical education work in teams together with
neuroscientists, psychologists and in-service teachers. Some of such groups develop the
movement The Learning Science, (R.K. Sawyer, 2014) based on social constructivism.
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2. Our focus

Within the holistic approach, we focus on innovations in the development of teacher’s
competencies for:

a) Effective scaffolding of the work of pupils. Today, the concept of scaffolding is
almost unknown in Slovakia, despite it is one of the basic concepts of
constructivism, from the age of the introduction of constructivism. We hypothesise
that this state is the result of the extreme emphasis on instructions and instructional
approaches. In the traditional approach, it is tried to activate learners via
instructions, but, paradoxically, the natural result is a passivity of the learner, who
is not inspired to formulate her/his challenging goals, aims, is not taught to
cooperate with somebody with more profound and broader knowledge and
abilities. The only example of this approach in physics education in Slovakia can
be mentioned, is the preparation of students for Young Physicists Tournament at
some schools;

b) Management of the stages of (relatively) independent inquiry of teams of pupils;

¢) Management and support of pupils in discussion ability development;

d) Formative assessment is also a topic future physics teacher used to have only
mentioned, and now, within the holistic approach, it is tried to train them for it.
Peer-assessment is also the aspect which should be better incorporated into the
programme of teachers preparation;

e) Summative assessment, differences between formative and summative, aspects to
assess within physics education;

f) Work of pupils with sources of information — our available sources in the Slovak
language are limited. The work with sources of information optimised for various
age levels is one of the main gaps, which we have in physics education theory
now;

g) Work in the environment of computer-supported school science laboratory. We
have already done much in the utilisation of sensors and data loggers. Still, we
must search in the utilisation of video measurement, computer modelling (by
pupils themselves), interactive animation (applets, innovated and developed by the
pupils themselves);

h) Mentoring of pupils in the use of gadgets brought to school by pupils (BYOD-bring
your device approach).

i) Search for a typology of physics teachers using research methodology by K.
Charmaz, grounded theory and also the model of personality by R.C. Cloninger,
and here we are just at the starting point.
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3. Textbook for preparation of new physics teachers

Last year we finalised a textbook for our students — university students of physics education
in combination wot hither school subjects (Demkanin, 2018). The textbook, Physics
education for Pre-Service and In-Service Physics Teachers, is now available in Slovak only.
Let us present some of its features.

In the preface we say: Physics teacher today at a secondary school is facing demanding task
— to work with children, adolescents, with their parents, to fulfil goals of physics education,
clearly present her/his requirements towards pupils and consistently demand to meet them
by them, to activate pupils for awareness of their process of learning, to learn pupils to
observe, measure, make experiments, inquire, and lead them to thinking, to utilisation of
their own previous knowledge. Besides investigating nature, physics teacher also teaches
how to use some technologies. In these two sentences are presented eight chapters of this
book. Next chapters are devoted to informal and unformal physics education, concepts
formation and concept transformation, to science projects at schools and assessment. In
conclusion, some historical view and some vision of the future is offered. To present this
textbook in more details, let us discuss the chapters and our goals related to these chapters.

In the introduction, it is stressed the central question of the book — What it is about the
quality of physics education? Moreover, we discuss the main dimensions of a teacher —
knowledge, abilities and relations. In one table, we present the assumptions related to the
physics content, the list of topics the university student of magister level study, future
physics teacher, should know to be able to use this textbook. In the second table, we present
a list of some psychologists. We used the list of the most cited psychologists in 20.
Century, where are such names as B.F.Skninner (behaviourism and programmed learning),
J. Piaget (cognitive development), S. Freud (psychoanalysis), A. Bandura (social
psychology), L. Festinger (social psychology, mental discomfort), C.R. Rogers (humanistic
psychology), S. Schachter (theory of emotions), N. Miller (experimental behaviourist), E.
Thorndike (educational psychologist), A. Maslow (hierarchy of needs), and some others.
Our aim here is to focus attention on the needs to base the physics education on facts, on
the results of systematic research (including the research of psychologists). Of course, we
do not focus the attention of our students — future physics teachers, on the in-depth study of
all parts of general psychology. Later in the book, we use mainly the results of The
Learning Science movement presented by-R.K. Sawyer. In this introduction, we also
present a list of some terms with short descriptions, terms like knowledge, information,
concept, phenomenon, the strategy of education, teaching style, experiment, variable in an
experiment, observation.
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In chapter one of the textbook, the attention of the students is focused on the topics of this
textbook, and we try to demarcate, define the topics of this textbook. We are trying to
present The transformative approach is presented; the teacher can have in one domain
topics like ways to focus the attention of learners, personality model, working with pupils,
which disobey, transform units of physical quantities, working with graphs of physical
dependence. The students here solve problems like:

A flute emits the sound of frequency 440 Hz. Determine the wavelength of this sound and
the length of the flute closed at one end, which emits this sound.

Propose an experiment to measure the speed of sound in a school laboratory.

Discuss how the teaching of physics and higher secondary school can help to raise the use
of public transport in the horizon of 10 years.

The problems should be not only solved/answered, but the reason we use such problems
within physics education should also be discussed.

One of the next tasks is to discuss the interrelation between secondary level school
derivation of Bernoulli’s equation (from the conservation of energy principle) and the
character development. We use here the model of the personality of R.C Cloninger and
discuss the development of three traits of character — Self-Directedness, Cooperativeness
and Self-Transcendence. The students should in this chapter also discuss, what to do, if a
secondary school student refuses to deal with the Bernoulli‘s equation, giving the reason,
that she is planning to study Economics at University and that she will not need to
understand the Bernoulli’s equation derivation. We use here some parts of Adler’s

psychology.

Chapter 2 of the textbook and also the second lesson is focused on the goals of physics
education. 3-level primary taxonomy of goals formulated previously (Demkanin, 2013) is
used. Then we go to Big Ideas formulated by W. Harlen with her team (2010), (2015). With
these Big Ideas, students also work on other parts of the textbook, especially in the chapter
devoted to the concept formation. The easy to use the formulation of goals is adapted from
the International Baccalaureate Diploma Programme, which is followed by some school
physics examples, in which the students should discuss the goals, which are fulfilled by
these examples. The most favourite is the last task of this chapter — to suggest a method
(way, process) to fulfil a specific goal: To present, that physics is a very demanding
science discipline, no one, except the physics teacher, can understand.

In chapter 3, we deal with the role/position of the pupil and the role/position of the teacher
within formal physics education. Shortly we list some of the school of learning (J. Bruner,
T. Luckmann, B.F Skinner, A. Bandura, R. Steiner, M. Montessori). After this short
introduction we highlight, that “learning is making sense of new experience by learners in
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collaboration with others” (Harlen, 2006) and this idea is applied in some contexts —
filament bulb (hot and lighting), working with a textbook, watching a movie (Harry Potter),
barking dog, cooling cup of tea, cooling cup of tea with exponential function used,
radioactive decay. The discussion on the role of the teacher is based on the work of W.
Harlen (2006), and one of the examples brings very poorly formulated instruction for
pupils. The student should identify bad aspects of the instructions and try to re-work to be
usable. In this chapter, our students also find quite a large part focused on scaffolding,
mainly based on the work of Reiser and Tabak (2014). The last part of this chapter is
focused on the conversation in the work of teacher and in detail is presented exploratory
talk (Mercer, 2000).

4. Conclusion, near-future development

The book discussed in this contribution was met by the University students as well as by
the in-service physics teachers very well. There was a gap in this field, the previous book
on the similar topic has been published in the Slovak language in 1988, and there was
made, and still is made profound changes in physics education. It can be seen, that the sight
of the students on the physics education via this book is changing and it is met the goal -
not to teach as | was taught, base my teaching on the results of relevant research.

In this contribution, some aspects of future physics teachers at Comenius University and
also the first three chapters of the new textbook Physics Education is presented. The
intention was to contribute to a discussion or to initiate a discussion on the topic of physics
teachers’ education. All ideas are welcomed via email, future years of this conference or via
ResearchGate.
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Abstract

European universities are in the process of experimenting with teaching by
applying the new learning model according to the Bologna plan, based on
specific and transversal competences. Due to the old teaching model, which
is still rooted in the current learning system, professors have difficulties in
assessing transversal competences. In this paper, the results of applying a
methodology to assess the transversal competences: analysis and problem
solving, and planning and time management is presented. Although the
methodology is designed to evaluate transversal competences, it could also
be used to evaluate traditional specific competences, in which the acquired
technical knowledge is assessed. The methodology consists of explaining to
the student how a practical problem is solved, applied to a case that an
engineer can find in professional life. Subsequently, the student must solve
another problem of the same type raised by the professor. The student will be
given a limited time to solve the problem. The methodology is applied in two
different sessions. The students have previously been informed about the
performance of the test. Unlike the traditional method, the student must
prepare the class before the lecture. Therefore, when the professor explains
the theoretical part and how to solve the problem, it can also resolve doubts
raised by the student during the preparation of the session. Additionally, the
students who take less time to solve the test will have a higher score in the
assessment of planning and time management. The results obtained are
analysed and improvements are proposed to facilitate the acquisition of
skills.
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1. Introduction

Transversal or key competences are a set of competences related to attitudes, values, and
procedures that are acquired in one context to master a special situation and can be
transferred to another context. (EUROPEAN COMMISSION, 2018).

Due to their importance in the European Higher Education system, transversal
competences assessment has been treated in several teaching publications (Caceres,
Martinez, Noguera, Pérez, & Sanabria-Codesal, 2016) (Ferndndez, Mallol, Chornet,
Noguerae, & Gutiérrez, 2017) (Garcia-Garcia, 2009) (Mula, Sanchis, & Diaz-Madrofieroa,
2017) (Verdecho, Pedro-Gémez-Gasquet, Rodriguez-Rodriguez, & Alfaro-Saiz, 2016)
(Verdechoa, Rodriguez-Rodrigueza, Alfaro-Saiza, & Gdémez-Gasqueta, 2018). European
universities are in the process of experimenting with teaching by applying the new learning
model according to the Bologna plan, based both on specific and transversal competences.

According to (CompAssess, 2019), competence is not only an individual phenomenon but
is asocial-cultural phenomenonin a way in which, the categories ‘individual’ and
‘organization’ are inevitably entangled with another. Hence that it becomes impossible to
draw the boundaries between the two. The question is what we can actually say about
competences and transversal competences and how can we measure it.

Due to the old teaching model, which is still rooted in the current learning system, and the
lack of a relationship between university and professional life, professors have difficulties
in assessing transversal competences. In this paper, a methodology for the assessment of the
transversal compentences analysis and resolution of problems (TC-03) and, planning and
time management (TC-12) has been carried out and implemented in the course of Thermal
Renewable Energy of the Bachelor's Degree in Energy Engineering. Both transversal
competences are in the list of transversal competences at the Universitat Politécnica de
Valencia (Universitat Politecnica de Valencia, 2017).

The goal of this paper is to apply a methodology for assessing the transversal competences:
analysis and resolution of problems; and planning and time management. Afterwards, the
results obtained with the application of such methodology are analysed.
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2. Methodology

Before applying the methodology, it is explained to the student how a practical problem is
solved, to apply it to a case that an engineer can find in professional life. Subsequently, the
student must solve another problem of the same type raised by the professor. The students
will have a limited time to solve the problem, and they have previously been informed
about the test. The student must prepare the test before the lecture in which the test is
carried out. Therefore, when the professor explains the theoretical part and how to solve the
problem, he can also resolve doubts raised by the student during the preparation of the
session. At the end of the session, the students must carry out the test.

The methodology applied is based on (Verdechoa, Rodriguez-Rodrigueza, Alfaro-Saiza, &
Gbmez-Gasqueta, 2018) and (Universitat Politecnica de Valéncia, 2017). Since the
competences to be evaluated are: analysis and resolution of problems (TC-03) and,
planning and time management (TC-12), the student must solve a problem raised in a
limited period of time. The methodology of the process is shown in Figure 1. The
methodology was applied in two different sessions for two different topics. Unlike the
traditional method, to carry out the test as similar as possible to a real problem, the student
can consult notes, computer, tablets, etc.

Application

Analysis of results

Desing of learnig

activities

eTopic Selection

eDesign of the
problem

eEstimation of the
time required

eThe students
must resolve
the problem in
defined period
of time.

a score.

analysed.

¢ Student obtain

*Methodology is

Fig. 1 Methodology applied for assessing transversal competences
Source: (Verdechoa, Rodriguez-Rodrigueza, Alfaro-Saiza, & Gomez-Gasqueta, 2018)

The methodology consists of three steps, as shown in Figure 1. In the first step, the
learning activity is designed. The design includes the topic selection, the problem to be
solved by the students and the estimation of the time required to solve the problem. The
assessment instrument is a real problem that must be solved by the students. Figure 2 shows
the two problems raised in two different sessions.
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Fig. 2 The problems raised to assess the TC-03 and TC-12

According to (Universitat Politecnica de Valéncia, 2017), a scale with 4 values has been
defined to assess the point of development of the transversal competences reached by the
students A, B, C, D. Table 1 shows the meaning of every level (represented by the letters
from A to D) and the relation used in this paper to scale the score from 0 to 10 obtained by
the student. When more than one test is carried out, it is useful to assess using a numeric
value, since it is possible to obtain an average final score that can be converted into one of
the four levels for easily evaluating the transversal competences.

Table 1. Levels for evaluating the transversals competences

Meaning Score range (1 to 10)
A Excellent 9-10
B Adequate level 7-89
C Developing 5-6,9
D Development not reached 0-49

Source: (Universitat Politécnica de Valéncia, 2017)

The algorithm of the second part of the methodology applied is shown in Figure 3. Unlike
the traditional method, the students have different range of times to solve the problem
raised. Once the students receive the problem, they have three different limited range of
time to finish the problem. If the students solve the problem without mistakes in the initial
time raised, it is obtained the best score in both competences. If the students cannot resolve
the problem in the defined time, they have 20% extra time to try to finish the problem. If
the students solve the problem properly, it is obtained the maximum score in TC-03 and
8/10 (equivalent to B) in the final score for TC-12. If so far, the student has not been able to
solve the problem; it has 40% extra time respect to the initial time. If after this time the
problem is solved, it is obtained the maximum score in TC-03 and a 6/10 (equivalent to C)
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in the final score for TC-12. Finally, if the student does not know how to solve the entire
problem, the score for TC-03 will be equal to the proportional solved part in the scale from
1 to 10, and the score for TC-12 will be 3 (Equivalent to D). The student must solve other
problems by mean of other tests during the course, then the final score of the competence
will be the average grade according to Table 1.

Start test

Initial time

Properlv End test

Score TC-03=10/10

No Score TC-12= 10/10

0.2 x Initial time

Properlv

No Score TC-03 =
0.4 x Initial time 10/10

Properlv End test

Score TC-03=
10/10

Score TC-03: Score obtained/10
Score TC-12: 3/10

End test

Fig. 3 The algorithm applied for assessing transversal competencies. The final score is the average of all the test
performed.

3. Results

Results of the assessment analysis, obtained from Figure 4, show that 92% of the students
have reached the minimum level of development required in CT-03. In the case of CT-12,
75% of the students have reached the minimum level of development required. Similarly,
39% of the students have reached the maximum level in CT-03, and 28% have reached the
maximum level in CT-12. On the other hand, 8% of the student have no reached the
minimum required level in CT-03, and 25% of the student have not reached the minimum
level required in CT-12.
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Fig. 4 Results of the methodology applied for assessing the TC-03 and TC-12.

Figure 5 shows the final score for each of the 36 students in the 0 to 10 scale for the CT-03,
and in the A to D scale for CT-12. Only 1 student Scored 0 in the final grade scale from 1
to 10 points for CT-03.
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Final score 1 to 10 scale - CT-03

1
35 3@3 2 3

31
30 8
29 9
28 10
27 11
26 12
25 13

6

1
21 5o 18 17
19

Final score A to D scale - CT-12

1
364 2
34 3 3 4

22 16
2120 18 17
19

Fig. 5 Final score for CT-03(0 to 10 points scale) an for CT-12 (0 to 4 points scale, where 1=D; 2=C; 3=B; 4=A)

The methodology has been applied to a theoretical part of the subject Thermal Renewable
Energies. Nevertheless, the methodology could be applied to a practical part of the subject.
If the competence to be evaluated is related to a specific technical part, as is the case of
transversal competence 13 (Specific instruments), surely, the results obtained would be
more realistic.
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Finally, a survey for assessing the methodology has been carried out. The results are shown
in Figure 6. Where 44% of student have scored the methodology with a grade greater than 8
and only 8%, have scored the methodology with a grade less than 5.

Survey

1
3 2
34353 34

Fig. 6 Results of the survey carried out for assessing the methodology applied.
4. Conclusions

In this paper, a methodology for assessing the transversal competencies CT-3 and CT-12
has been developed and applied. This methodology can be applied to other transversal
competencies. Once the initial defined time to perform the test is finished, the student has
the possibility of continuing working for an extra period. Then it is possible to assess the
CT-12 according to the time expended by the student to solve the problem. The students
have assessed the methodology in a very positive way, which has been positively rated by
92% of students.

The methodology has been applied to a theoretical part of a subject. Nevertheless, if the
methodology is applied to a practical part of a subject, surely, results obtained would be
more realistic when a technical transversal competence is evaluated.

To save time, the test can be designed for assessing both: transversal competences and the
final grade of the subject. The methodology used in this paper was designed for covering
both purposes.

Finally, the results obtained are consistent. According to the results, the student receives
feedback to improve the deficiencies detected in both: analysis and resolution of problems;
and planning and time management.
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Abstract

As an integral part of physics education, we consider the development of
pupils” SPS. The aim of our survey is the development of selected pupils” SPS
- predicting and formulating hypotheses on the age level 14- 16 years. As an
endeavour to meet such a goal, we prepared and included specific activities,
which requires to make predictions or formulate hypotheses, and also we
included physics experiments planned by students themselves in physics
education. The process of preparation of specific activities for the
development of selected SPS is described below. Reason for the inclusion of
physics experiment planned by students themselves in physics education is
that formulating hypotheses or prediction is one of the planning stages of a
physics experiment. In the second part of our contribution, we present our
experiences with utilization of specially designed activities and with the
implementation physics experiments planned by students themselves. In the
last part, we present a Hypotheses quality scale, a tool for the comparison of
students” hypotheses, to compare how they formulate hypotheses in the first,
second and third activity in a series. We also made a comparison between
hypotheses formulated in activities prepared by the teacher and hypotheses
formulated for experiments planned by pupils themselves.

Keywords: Science process skills, predicting, hypothesis, physics education.
1. Introduction

To teach pupils to think is one of the most important goals of schooling. All school subjects
should be involved in achieving the goal. In physics lessons, we can achieve it by
application of science process skills.
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Harlen (1999) points out that the development of SPS should be the main goal of science
education.

1.1. Predicting and formulating hypotheses

Predicting is the ability to create a statement about a future event based on a pattern of
evidence (Held, 2011). Predictions reflect our understanding of the issue, our experiences,
thinking and the evaluation of facts and expected events. Learning predicting is not easy.
Students learn to take into account their experience, and they start to think about
alternatives. Once the experiment has been completed, it is right to return to the prediction
and compare it with reality (Demkanin, 2006; Kires, 2016).

Quinn and George (1975) define a hypothesis as a testable explanation of an empirical
relationship among variables in a given problem situation. Demkanin and Velanova (2016)
highlight that a hypothesis is a causal prediction, which must be based on arguments, on
previous knowledge. Formulating hypotheses means to make a sentence which includes a
verifiable relationship between variables. After verification, we decide if the hypothesis is
accepted or not. If we accepted the hypothesis, the predicted relationship between variables
is correct. We gained new knowledge. Negative results are as important as positive because
they help us cross from ignorance to understanding, but we must continue with researching.
Continuing research is based on circumscribed ignorance. If we find that variables are not
dependent, our cognition has progressed (Kerlinger, 1972). For example, pupils predicted
that a larger area of contact between two surfaces creates a larger frictional force. However,
if pupils change the size of surface area, they will found that the frictional force is constant.
Pupils gained knowledge about independence of surface area with friction force, their
cognition progressed.

Learning hypotheses formation requires to move from the lowest level of creating
assumption to the level of making a prediction and then progress to the highest level of
formulating hypotheses. If we want to teach pupils to formulate hypotheses of good quality,
we must do it gradually. Hypothesis includes predicted relationship between variables.
Hypotheses formation requires pupils to be familiar with making correct predictions.
Predicting requires to give up guessing and creating assumption. The assessment of the
situation, estimate the acquisition of predicting. Correct prediction is not based on guesses,
but on a pattern of evidence. Fig. 1 is based on Lapitkova’s tables (2015). It schematically
shows the progress of teaching hypotheses formation.
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Figure 1 The progress of teaching hypotheses formation

[ Startinng level - CREATING ASSUMPTION }

[ Middle level - PREDICTING ]

[ Final level - HYPOTHESIS FORMATION }

Answer on the question: “How to develop selected SPS in the education process?” is still
the focus of our research. Withing traditional, instructional education, the task of teachers is
to induce situations, which require the application of the skills. We tried to apply this
strategy. We focused on the development of predicting and formulating hypotheses on the
age level 14-16 years. Our survey took two years. The first year we included in the
education process special activities for the development of selected SPS. We prepared 3
activities for the development of formulating hypotheses and some other activities for the
development of predicting. The activities for the development of formulating hypotheses
were included at the beginning of the school year, in the middle of the school year and at
the end of the school year. Activities for the development of predicting were included
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whenever possible. After a few activities aimed at making predictions, students formulated
a statement about future event automatically when it was appropriate. After every activity,
there was a discussion aimed at making a prediction or hypothesis of good quality.

The process of preparing special activities usually starts by searching for appropriate
experiments. We can search in books, magazines or on web sites. Sources of experiments
also can be our own ideas or debates with our colleagues, friends and students. Previous
methods can inspire us, but generally, this is not enough. The main part of the preparation
of activities is to modify them into the form, which offers the opportunity to scaffold
students in predicting or in formulating a hypothesis. If we want pupils to predict, we have
to challenge them to create a statement about a future event. For example: ”7Two same coins
are put on the side of a ruler at some distance from each other. What happens when we
push one coin, so it hits the other one?” If we want pupils to formulate hypotheses, we
have to challenge them to make a sentence which includes a verifiable relationship between
variables based on arguments. Jet is an activity aimed at acquisition of pupils” hypotheses.
The activity has been included in the education process in the first grade of upper secondary
school in part Uneven movement. Pupils have to build a jet whose average velocity is as
high as possible. For building and upgrading they could use balloons, straws, twine,
paperclips, duct tape, scissors, meter and stopwatch. The most important part of the activity
are answers to the question: “How does the average velocity of jet depend on its
parameters?”’ Pupils answered the question before upgrading the jet.

The second year we included in the education process physics experiments planned by
pupils themselves. Pupils prepared and performed three physics experiments. In the
framework of physical experiments, the pupil has different tasks. One approach to leading
pupils to structured work within physical experiments is the approach of the International
Baccalaureate Organization. We focused on the planning stage of physics experiments,
which contain formulating hypotheses. In the right column is the aspects that pupils and
teachers should follow and in the left column is a requirement to fulfil the aspect.
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Table 2 Planning stage of a physics experiment

Defining the problem or
research question

Identifies a focused problem or research question.

Formulating a hypothesis
or prediction

Relates the hypothesis or prediction directly to the
research question and explains it, quantitatively where
appropriate.

Selecting variables

Selects the relevant and controlled

variable(s).

independent

Selecting appropriate
apparaturus or materials

Selects appropriate apparatus or materials.

Designing a method for
the control of variables

Describes a method that allows for the control of the
variables.

Designing a method for
the collection of sufficient

Describes a method that allows for the collection of
sufficient relevant data.

relevant data

1BO (2001)

2. Experiences from implementation specially designed experiments and
experiments planned by pupils themselves

We led pupils to formulate hypothesis before the realization of the experiment. Pupils first
formulated hypotheses separately, then discussed their hypotheses with a classmate and
then they could change them. When pupils formulate hypotheses first, they were afraid that
predicted relationship would not be correct and the hypotheses would not be accepted. We
had to encourage them to formulate hypotheses and also we had to assure them that it
would not be assessed. Each activity was followed by discussion about their hypothesis.The
aim of the discussions was to draw attention to shortcomings of hypotheses to avoid them,
and also formulated hypothesis of good quality.

When we first implemented in the education process physics experiments planned by pupils
themselves, pupils were confused. Some of them enjoyed that they can explore what they
want; others did not know what to do. The most problematic part was to teach students to
formulate a problem. We tried to guide them to the clear and correct formulation with
appropriate questions.
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3. The success of pupils” hypothesis formation

Pupils” hypotheses were evaluated by Hypotheses quality scale, which was created based
on Hypotheses quality scale of Quinn and George (1975). Points were assigned to each
hypothesis according to the criteria listed in table 3.

Table 3 Hypotheses quality scale

Points awarded Criterion

0 No explanation, non-scientific statement, such as, nonsense
statement, a question, an observation.

1 Partial scientific explanantion, such as, incomplete reference
to variables, a negative explanation or an analogy.

2 The scientific explanation includes a predictive relationship
between all variables.

3 The precise explanation includes a predictive relationship
between all variables and a justifying relationship.

Klinovska, L. (2018)

3.1. Hypotheses formulated by pupils

To compare the level of hypothesis formulation, we looked at the percentage of
representations of pupils in each points category.

Table 4 Percentage of pupils in individual points” categories

percentage representation
s aris | TP | G TS o0
0 42% 0% 9%
1 25% 19% 18%
2 33% 62% 64%
3 0% 19% 9%
Klinovska, L.
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If we look at percentage representation of pupils in individual points™ categories in table 4
we see that in the first experiment pupils were afraid to formulate hypotheses— 42% of
pupils did not formulate predicted relationship between variables. The percentage of
hypotheses, which contained the relationship between complete variables, almost doubled.
In the second and third experiment, some pupils formulated the justified relationship
between all variables. They gradually tried to specify the hypotheses.

To compare hypotheses formulated for experiments prepared by us with hypotheses
formulated for experiments planned by the students themselves, we looked at percentage
representation in individual points” categories. In table 5 we see that almost the same
percentage of pupils received 0 points. A significant reduction in the percentage of pupils,
who received 1 point reflects the fact that most hypotheses formulated for experiments
planned by pupils themselves contain all variables. In the last row of the table we see, that
percentage of hypotheses, which include the justified relationship between all variables,
doubled. When we looked at the theoretical background, which pupils used in the
formulation of their hypotheses, we found out that their arguments were clear and obvious.
Based on the results we think that it is easier to argue the relationship between all variables
in experiments planned by pupils themselves. These results offer an opportunity to examine
whatever the quality of hypotheses is related to the understanding of the problem situation.

Table 5 Percentage representation in individual point’s categories for experiments prepared by the
teacher and for experiments planned by pupils themselves

percentage representation

oints experiments experiments planned
P prepared by the perin P

awarded teacher by pupils themselves

0 15% 16%

1 21% 3%

2 54% 59%

3 10% 22%

Klinovska, L.

4. Discussion and Conclusion

In physics lessons, we included 3 specially designed activity aimed at acquisition pupils”
hypotheses and 3 physics experiments planned by pupils themselves. Within the limitations
of this survey, the observations and percentage representation of pupils in individual points”
categories suggest that hypothesis formation can be taught and developed by specially
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designed activities and physics experiments planned by pupils themselves. In the near
future, we plan to look at the problem of development of the ability of students to formulate
prediction and hypothesis in the light of the learning science (Demkanin, P., 2018). As we
know, that formulation of hypothesis most methodologists connect to logical inference —
abduction, abductive reasoning (Magnani, L., 2017), we plan to analyse each activity used
in the process of development of abilities to formulate hypothesis from the view of
abduction.
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Abstract

“Innovation, creativity, and entrepreneurship” transversal competence
evaluation method (CT04-UPV) used in Electrical Machines course (2™
course, Electrical Engineering Degree) is described in this paper. Its
evaluation activity consists of a technical and economic analysis of different
commercial electrical transformers, carried out by the students. To this end,
students get in touch with electrical suppliers, obtaining real transformers
data. With this data, they can calculate transformers efficiency through its
energy losses and the economic cost that these losses suppose in a period of
10 years. In this way, students are able to question reality, identifying the
existing necessity of evaluating not only its initial cost but also economic cost
generated by its energy losses when selecting a transformer. With this
method, CT04-UPV learning outcome referred to the 1% domain level is
achieved: to question the reality, identifying improvement necessities and
generating added value ideas. This methodology has been applied for the last
three years in the course. In each year, students marks have been graded by
the professor using a rubric. Results indicate that “innovation, creativity,
and entrepreneurship” transversal competence learning outcome is
satisfactorily reached by students. Moreover, rating survey answered by
students, using Google Forms, shows that their level of satisfaction is very
high.

Keywords: transversal competence, evaluation, innovation, creativity and
entrepreneurship.
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1. Introduction

Traditional university education has been focused on transferring specific knowledge to
students, always directly related to the courses. The technical training that Universitat
Politécnica de Valencia (UPV) offers to the students is one of the widest and completest, as
graduated students job performance has been verifying for years (“La UPV en los
rankings,” 2018). However, transversal training of UPV students has not been enough
worked out. For this issue, researches like (Fernandez, 2011; Scallon, 2007) indicate that it
is essential to develop a broad range of transversal competences, that can be defined as all
the abilities associated with the personal growth, that does not depend on a specific topic,
but appear in all the professional and academic performance fields (Gonzéalez & Wagenaar,
2003). In order to achieve this goal, Studies, Quality and Certification Vice-Rectory from
UPV launched The Transversal Competences Project (“Proyecto competencies
transversales UPV,” 2005) on 2015, currently supported by UPV2020 strategic plan. In this
project, thirteen transversal competences were defined. In every degree, all these thirteen
competencies should be evaluated in different control point courses. Learning outcomes of
the transversal competences are different, depending on the level of domain of the course:
basic (1%) for 1% and 2" years of degree, middle (2"®) for 3" and 4™ years of degree and
advance (3") for master.

Electrical Machines course of 2™ year of Electrical Engineering Degree (Hurtado, 2018) is
a control point of the transversal competence “Innovation, creativity and entrepreneurship”
(CT04-UPV) (“CT04-UPV,” 2015). As this course is given during the 2" year of the
degree, the learning outcome concerns the 1% domain level: to question the reality,
identifying improvement necessities and generating added value ideas. Chosen activity for
evaluating this learning outcome consists of an academic work, where students develop a
complete technical and economic analysis of different electrical transformers.

At the beginning, it was quite difficult for the professors of the course to find the suitable
assessment method and instrument, as it was something new and unknown for them
(Ramon et al., 2017; Villa, A'y Poblete, 2007). The rubric “Rubric UPV CT-04. Innovation,
creativity and entrepreneurship” (“Rubrica UPV CT-04,” 2015), made by some UPV staff,
meant a reference point for them, as it hugely helped professors find out the right activity to
evaluate CT04-UPV in the 1% domain level. With the results compiled during three years,
the present paper shows the study made to really verify the suitability between the
evaluation method and the CT04-UPV learning outcome for Electrical Machines Course
and its acceptance-scale among students.
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2. Educational Methodology

2.1. “Innovation, creativity, and entrepreneurship” transversal competence

The Transversal Competences Project (“Proyecto competencias transversales UPV,” 2005),
launched on 2015 by Studies, Quality and Certification Vice-Rectory from UPV, collects
thirteen transversal competencies, that should all be assessed in every degree by means of
different control points courses. In this paper, “Innovation, creativity and entrepreneurship”
(CT04-UPV) (“CT04-UPV,” 2015) is going to be deeply analyzed since Electrical
Machines course is one of its control point courses.

This competence looks for innovation as a mean of answering to the personal necessities
and social claims, with the aim of adding new value with an entrepreneurship behavior
(Cuenca et al., 2016). Focusing on the student, it is necessary to detect the improvement of
this competence development. For this issue, three levels of domain are defined: 1% for 1%
and 2" years of degree, 2™ for 3" and 4™ years of degree and 3™ for master. In each level
of domain, different indicators are defined. Depending on the scale that students achieve the
different indicators of the corresponding learning outcome, they would get a different mark:
A, if it is satisfactorily achieved; B if it is adequately achieved; C if it still being developed;
D if it is not achieved (“Rubrica UPV CT-04,” 2015).

2.2. Electrical Machines Course as a control point for “Innovation, creativity, and
entrepreneurship” transversal competence

Electrical Machines course of the 2" year of Electrical Engineering Degree (Hurtado,
2018) is a control point of the transversal competence “Innovation, creativity and
entrepreneurship” (CT04-UPV) (“CT04-UPV,” 2015). This course is given during the 2™
year of the degree, so the learning outcome concerns the 1% domain level: to question the
reality, identifying improvement necessities and generating added value ideas.

2.2.1. Evaluation activity

As in every new situation, it was not easy for the professors of Electrical Machines to find
out an activity to evaluate “Innovation, creativity, and entrepreneurship” transversal
competence. Specifically, to evaluate the learning outcome referred to the 1% domain of the
competence. Taking as a reference point the rubric “Rubric UPV CT-04. Innovation,
creativity and entrepreneurship” (“Rubrica UPV CT-04,” 2015) and consulting previous
activities to evaluate this competence in different universities (Cuenca et al., 2016; Le
Boterf, 2001; Tardif, 2006), it was possible to finally find out the suitable activity. This
activity is next described:
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e It is individually made. Every student should present at the end of the course an
academic work.

e  Firstly, students need to contact with different electrical suppliers in order to get
real transformers data (initial cost, nominal voltage, short-circuit voltage, short-
circuit power, no-load losses and no-load current). With three commercial
electrical transformers data is enough.

e Then, with these data, they ought to make the complete technical analysis of the
different electrical transformers: equivalent circuit, daily performance curve, daily
electrical voltage variation curve, and daily energy losses.

e Next, students have to obtain the economic cost that these energy losses suppose
for every electrical transformer in a period of 10 years.

o Finally, they have to think about the total cost of every studied transformer in a
period of 10 years old (initial cost + energy losses cost). With this activity,
students realized how important is to pay attention not only to the machine initial
cost but also to its long period energy losses cost. Then, they have to write ideas to
improve these energy losses.

In this way, learning outcome referred to the 1% domain level is achieved, since students
question the reality, identifying improvement necessities and generating added value ideas.

Contact Get real data Make complete ) Calculate total cost:
with from different technical analysis of Initial cost

electrical commercial every commercial -

suppliers transformers transformer ) Energy losses cost

How important is to pay
attention not only to the initial
cost, but also to the energy
& losses cost in a long period time

Nominal voltage Equivalent circuit =
g y Provide new ideas to
Obtain cost of energy improve electrical
o transformers energy
Initial cost - Energy losses ——p) losses of every

. | S
commercial transformer o2t

in a 10 years period

Figure 1. Flowchart of evaluation activity

2.2.2. Evaluation method

Finding out the right evaluation method to assess the learning outcome of the transversal
competence “Innovation, creativity and entrepreneurship” in Electrical Machines course
was the most difficult part of the process, even more than finding out the evaluation activity
(Ramén et al., 2017; Villa, A y Poblete, 2007). Previous studies show that using a rubric as
an evaluation instrument for “Innovation, creativity and entrepreneurship” would be really
helpful for professors (Cuenca et al., 2016; Fernandez, 2011; Masmitja et al., 2013).
Considering these researches and using “Rubric UPV CT-04. Innovation, creativity and
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entrepreneurship” (“Rabrica UPV CT-04,” 2015) as a point of reference, Electrical
Machines professors have elaborated a specific rubric to evaluate the concerned learning
outcome. It is shown in Figure 2.

DESCRIPTORS
INDICATORS

A. Satisfactorily achieved | B. Adequately achieved | C. Still being developed | D. Not achieved

The student questions reality

Does the student realize the necessity of
analysing both economic factors: initial cost
and long-period energy losses cost?

The student identifies results

Does the student identify the necessity of
improving the electrical transformers energy
losses?

The student provides new ideas

Does the student provide new ideas for
improving the electrical transformers energy
losses?

The student describes new ideas in a formal
way

Are the new student's ideas described ina
formal way?

Figure 2. Rubric for evaluating learning outcome of CT04-UPV in Electrical Machines Course.

3. Results

3.1. Transversal competence learning outcome results achieved by students

Previous rubric (Figure 2) and evaluation activity have been used in Electrical Machines
Course for three years for assessing the concerning learning outcome (1% domain) of the
transversal competence “Innovation, creativity and entrepreneurship” from UPV. These
results are shown in Figure 3.

CTO4-UPV learning outcome results for 2016 Electrical Machines Course
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CT04-UPV learning outcome results for 2017 Electrical Machines Course
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CT04-UPV learning outcome results for 2018 Electrical Machines Course
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Figure 3. CT04-UPV learning outcome results

Paying attention to the individual indicators of the rubric, it is possible to observe that the
highest indicator always corresponds to “The student's questions reality”. Globally, around
a 75% of the students got an A and 25% a B. Referring to the evaluation activity, it is
possible to deduce that most of the students realize the necessity of analyzing both
economic factors of a transformer: initial cost and long-period energy losses cost.

Indicator “The student identifies results” is not as high as “The student questions reality”,
but it is also adequately reached: globally, a 68% of the students got an A, 25% a B and 7%
a C. The majority of the students identify the necessity of improving the electrical
transformers energy losses, in a higher or lower scale (A or B). However, there is a small
percentage of students that are not completely able to reach this indicator (C).

Indicator “The student provides new ideas” is, by far, the lowest one: generally, 26% of the
students got an A, 52% a B, 15% a C and 1% a D. Professors of Electrical Machines
understand that this is the hardest indicator to reach, as students should provide new ideas
for improving the electrical transformers energy losses. Nevertheless, it is essential for
them to develop this point.

Final indicator, “The student describes new ideas in a formal way”, is adequately achieved
by the student, as, in global, 70% of the students got an A, 24% a B and 6% a C.
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Having the rubric allow professors evaluating the learning outcome taking into account four
different indicators. In this way, they are able to observe the results of each indicator,
identifying the strong and the weak points. As it is shown in Figure 3, year by year
indicators have been improving, since professor has stressed on the weak points in order to
improve them.

Finally, the global mark of the learning outcome is obtained as an average of the individual
marks of the indicators. Figure 3 indicates that in 2016, 73% of the students got an A, 18%
a B and 9% a C; in 2017, 71% of the students got an A, 23% a B and 6% a C and in 2018
73% of the students got an A, 24% a B and 2% a C. These results are very positive since
they show that almost 92% students achieved the learning outcome in past years. It is also
possible to observe that results are getting better year by year, as it has been explained in
the previous paragraph.

3.2. Students opinion

Previous results show that learning outcome in question has been satisfactorily reached
during 2016, 2017 and 2018. Moreover, a growing achievement tendency is observed, as
Figure 3 indicates. Even so, it is thought that knowing the student's opinion in every
educational aspect is something vital, especially when new situations or changes take place
(Harden, RM; Crosby, 2000). A survey made by Google Forms tool (Jhonnel & Alvarez-
Andrade, 2012) has been used for knowing students’ opinion about the activity and the
evaluation method used to assess CT04-UPV learning outcome applied to Electrical
Machines Course. The results are detailed in Figure 4.

Do you think the evaluation activity is related to Do you think the learning outcome is related to
Electrical Machines Course contents? the evaluation activity?
100 100
80 20
_ 60 _ 60
3 £
40 a0
20 20
1] 1]
VERY MUCH NORMAL ALITTLE BIT NOT AT ALL VERY MUCH NORMAL A LITTLE BIT NOT ATALL
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Figure 4. Students’ opinion

As Figure shows, students’ opinion is approximately the same in 2016, 2017 and 2018.
The great majority of them (around 95%) considers that the concerned activity is hugely
related to Electrical Machines contents. Additionally, approximately 95% of the students
think the learning outcome is linked to the evaluation activity in different scales: 73% very
linked and 22% normally linked. Knowing the evaluation rubric before doing the activity
has also been useful for almost students: for around 69% very useful and for 26% just
useful. They also consider that using indicators makes easy the learning outcome grade of
achievement evaluation: for around 56% of students in a great way and for around 32% in a
normal way. Finally, most of the students consider that the activity and the evaluation
method have been very useful and interesting (72%) or useful and interesting (24%) for
them.

These results prove that the activity and the evaluation method used to assess CT04-UPV
learning outcome in Electrical Machines course has great acceptance among students. With
their answers, it can also be observed how greatly fits the chosen methodology with the
learning outcome and the course contents.
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4. Conclusions

The introduction of The Transversal Competences Project in 2015 by Studies, Quality and
Certification Vice-Rectory from UPV supposed a new way of understanding university
studies. This project highlighted the importance of developing a broad range of transversal
competences on UPV students since it would make easier their labor insertion. Thirteen
transversal competences were defined. Every degree had to evaluate all of them by means
of control point courses, considering the specific learning outcome too. With this project,
professors had to face a new challenge: assessing transversal competences learning
outcomes.

Electrical Machines course of the 2" year of Electrical Engineering Degree is a control
point of the transversal competence “Innovation, creativity and entrepreneurship” (CT04-
UPV). As this course is given during the 2" year of the degree, the learning outcome
concerns the 1% domain level: to question the reality, identifying improvement necessities
and generating added value ideas. Finding out the right activity to evaluate the
corresponding learning outcome, that should also be linked to Electrical Machines contents,
and the suitable evaluation method were not easy for the professors. With the help of
previous studies and the “Rubric UPV CT-04. Innovation, creativity and entrepreneurship”,
made by some UPV stuff, professors finally found out the suitable activity and evaluation
method. The concerned activity consists of realizing the importance of considering not
only the initial cost of machines but also its total cost in a long period of time due to its
energy losses. This activity is related to the learning outcome in question. Using a rubric
with 4 indicators and 4 descriptors, professors are able to assess the learning outcome
achievement grade of students.

Collected results show the importance of using a rubric. As it is divided in four indicators,
professors can observe weak and strong points of the students during the process of
reaching the learning outcome. In this way, they can focus on the weak points in order to
improve them. These results show besides that, generally, most of the students reach the
learning outcome (around 95%): satisfactorily (around 73%) or adequately (around 22%).
Year by year these results are improving, as professors can highlight the weak points thanks
to the rubric indicators marks.

Having feedback from every educational activity, especially from new activities or
situations, is essential for professors. That is why every year since 2016 students answer a
survey about the evaluation of CT04-UPV learning outcome. Collected results show in
general terms that the activity and the evaluation method have great acceptance among
students: 72% of students consider they are very useful and interesting and 24 % think they
are useful and interesting.
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Abstract

The term Executive Functions (EFs) refers to a set of higher order cognitive
processes that are critical for goal directed behaviour. They include
inhibition (i.e., the ability to suppress task-irrelevant cognitive processing
and ignore salient yet irrelevant features of the situation), shifting (i.e. the
ability to switch between different operations or levels of processing), and
updating (i.e. the ability to encode, hold and monitor incoming information in
working memory, replacing information that is no longer relevant with new
information). The most notable developmental change in children’s EFs
occurs during the preschool period, and this is associable to and predictive
of children’s general learning ability. For this reason, efforts to develop EFs
in preschoolers is of vital importance. In recent years, only few studies have
investigated the effect of EFs intervention on preschoolers, despite the
potential preventive effect of early intervention on later developmental
problems. A number of related solutions have been proposed over the years,
including both paper-and-pencil activities and digital applications (e.g.,
software and videogames). However, few attempt have been made to
integrate the many advantages of traditional, low-cost playful activities with
the (often) powerful affordances of digital technologies. Hence, we propose
just such a hybrid solution, with a set of mobile applications (apps) designed
to foster EF development among early learners in education settings. We
opted for such a solution as mobile apps have proved to be familiar, highly
usable and well accepted among young children. At a more general level, this
contribution seeks to provide useful input on the affordances and indicators
that can help guide the effective choice of apps useful for developing EFs,
and how these tools can be optimally introduced and employed in traditional
teaching and learning programs.

Keywords: executive functions, app, preschoolers, educational context
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1. Introduction

Executive Functions (EFs) refer to a family of adaptive, goal-directed, top-down mental
processes needed to focus and pay attention and when an automatic response would be
insufficient (e.g., Burgess & Simons, 2005). There is general agreement that three core EFs
exist (Miyake, Friedman, Emerson, Witzki, Howerter, & Wager, 2000; Miyake &
Friedman, 2012): (a) inhibition, namely the ability to suppress task-irrelevant cognitive
processing and ignore salient yet irrelevant features of the situation; (b) shifting, namely the
ability to switch between different operations or levels of processing; and (c) updating,
namely the ability to encode, hold and monitor incoming information in working memory,
replacing information that is with new information.

Furthermore, Miyake et al. (2000) suggest the possibility that all EFs rely to some extent
on Working Memory (WM), i.e. the simultaneous maintenance and manipulation of
information.

Although EFs develops over a long period spanning the first year of life until late
adolescence, the most remarkable change in EFs skills occurs during the preschool period*
(e.g., Garon Bryson, & Smith, 2008; Morra, Panesi, Traverso, & Usai, 2018). There are
studies demonstrating that the development of EFs and WM in this period is associable to
and predictive of children’s general learning ability, such as mathematical achievement
(e.g., Blair, & Razza, 2007; Clark, Pritchard, & Woodward, 2010) and literacy ability (e.g.,
Blair, & Razza, 2007). For this reason, efforts to improve WM and EFs in preschoolers are
of vital importance as a prevention strategy, in particular for children with a potential delay
or impairment in the development of EFs, such as children at risk of acquiring ADHD
symptoms (e.g., Re, Capodieci, Cornoldi, 2015), children with specific language
impairment (e.g., Vissers, Koolen, Hermans, Scheper, Knoors), or children whose
development is impeded by their low socio-economic backgrounds (e.g., Miech, Essex, &
Goldsmith, 2001). In this regard, there are studies demonstrating that EFs can be improved
in preschoolers in regular classrooms and the benefits are transferrable to other activities
(e.g., Diamond, Barnett, Thomas, Munro, 2007). Therefore, school teachers could play a
crucial role in supporting children’s development of WM and EFs (e.g. Bodrova & Leong,
1996) by providing challenging activities performed in suitably designed environments

! The structure of EFs and WM in this period is controversial: some studies (e.g., Wiebe, Scheffield,

Nelson, Clark, Chevalier, Espy, 2011) propose a single factor for all executive functioning while others (e.g.,
Miller, Giesbrecht, Muller, Mclnerney, Kerns, 2012). propose two factors. This doubt makes it difficult to
distinguish the main EFs (inhibition, shifting and updating) and WM in preschoolers.
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(e.g., Traverso, Viterbori, & Usai, 2015; Passolunghi & Costa, 2016) that blend paper-and-
pencil enviroments with the new technologies young digital natives find so attractive (e.g.,
Dini & Ferlino, 2016).

Based on a review of the literature, the main aims of this paper are to:

(1) provide a theoretical deepening about the importance of integrating technological tools
in traditional educational programs to improve EFs and WM in preschoolers, focusing in
particular on the powerful affordances of educational apps;

(2) provide suggestions for selecting and evaluating apps useful for promoting EFs and
WM in the educational context;

(3) provide practical information about how teachers can use apps to improve WM and
EFs, integrating their use with traditional educational activities.

2. Integrating Technological tools to improve EFs and WM in the
educational context

WM and EFs interventions using digital applications (e.g., software or video games) have
the dual advantage of automatically modifying task difficulty according to performance and
focusing on specific EF components. However, these programs are rarely generalizable to
daily life activities and are resource consuming, requiring individual exercises and
extensive teacher training (e.g. Rueda, Checa, & Combita, 2012; Thorell, Lindgvist,
Bergman Nutley, Bohlin, & Klingberg, 2009). To avoid these problems, Di Lieto and
colleagues (2017) propose altenative activities based on Educational Robotics that stimulate
children to maintain and update information, inhibit automatic response and solve
problems. These researchers argue that Educational Robotics allow children to integrate
several EF training strengths, such as: a) incremental challenging tasks based on an
adaptive paradigm, b) real engaging objects to work on, and ¢) group settings.

Though partially effective, EF training programs using technologies for preschool children
can be challenging and expensive when applied in standard educational contexts. On the
other hand, EF training programs based on low-cost paper-and-pencil activities can be cost-
effective but clash with the drive for digitally-based school innovation. Furthermore, while
digital-based EF training programs tend to favour individual activities, those adopting
paper-and-pencil activities tend to favour small group activities.

Clearly, the space exists for a mixed method that integrates digital approaches with more
traditional, low-tech activities. A key advantage of this method would be useful for
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combining the development of EFs on an individual basis with digital activities with EF
improvement through more traditional group activities.

To this end, we need to identify a digital solution appropriate for employing in a mixed
method. We maintain that mobile applications (apps), in particular educational apps, can
represent a valid tool to foster EF development among early learners in education settings.

3. Powerful affordances of Educational Apps

The term educational app refers to a software application designed to support learning (e..qg,
Bouck, Satsangi, & Flanagan, 2016) that works on a mobile device (Purcell, Entner, &
Henderson, 2010) such as tablet or smartphone. These devices are available to practically
everyone, including young children (Holloway, Green, & Livingstone, 2013). In particular,
Hirsh-Pasek and colleagues (Hirsh-Pasek, Zosh, Golinkoff, Gray, Robb, & Kaufman, 2015)
argue that educational apps are those designed to promote active, engaged, meaningful, and
socially interactive learning within the context of a supported learning goal.

Despite the potential and increasing uptake of apps, there is limited understanding of their
impact on young children's learning and development. In particular, there is limited
understanding of how apps can improve the cognitive development of young children. In
this regard, Huber and colleagues (2018) found that apps can play an important role.
Specifically, these authors studied 2- and 3-year-old children’s experience of three different
screen-based interventions: watching an educational television show; playing an
educational app? and watching a cartoon. It emerged that children’s WM improved after
playing the educational app.

The tactile-based interface of touchscreens enables the introduction of digital interaction at
an early age (Plowman, Stevenson, Stephen, & McPake, 2012; Dini, Ferlino, 2016). Young
children instinctively touch the screen and experience objects that appear as if they were
real. Preschoolers think it is normal to receive feedback when they touch the screen,
assuming that everything around them is interactive and responsive to the same gestures
they use to interact with tablets (Dini, & Ferlino, 2016). This near-direct relationship with
what appears on the screen and the mind-set that virtual objects react according to the type

2 In this study, the authors use the app Shiny Party by the developer Shiny Things. It was chosen for the

opportunities it offers to learn shapes and complete puzzles, activities set within the narrative of preparing for a
character’s birthday. The app can be considered educational in that it incorporates a learning goal [Hirsh-Pasek et
al., 2015]) and features a physically interactive dimension accessible to the age of users (Huber et al., 2018, p.76).
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of touch are factors underlying the attractiveness and increasing success of apps for mobile
devices (Kopecky & Szotkowski, 2015).

These features make apps used via mobile devices more approachable for young children
than software used on the computer. Other comparative advantages include lightweight
design, portability, relatively intuitive interfaces, communication features, and affordability
(e.g., Vavoula & Karagiannidis, 2005). Finally, young children are often gain familiarity
with apps proposed to them by their parents for leisure purposes (Dini, & Ferlino, 2016).

4. Suggestions for selecting and evaluating apps

Teachers who decide to propose apps to preschoolers with the aim of promoting EFs and
WM need to be aware that no single app exists that has been designed to develop one
cognitive ability in isolation. Some, however, promote multiple cognitive abilities
simultaneously, as is the case with traditional playful paper-and-pencil activities created for
training preschoolers (e.g., Traverso et al., 2015).

A typical example is a memory game app that invites players to (a) pay attention to the
moves of the virtual player (the opponent), (b) memorise the visual information, (c) recall
necessary information at the right time, and (d) inhibit unnecessary information.

This multiplicity of WM and EFs addressed is but one of the key characteristics teachers
need to consider when selecting apps for educational use by preschoolers. First, according
to traditional WM and EF training approaches (e.g., Traverso et al., 2015; Caponi, Clama,
Re, Cornoldi, e gruppo docenti "Rete Ricerca infanzia" di Treviso, 2009) apps must
propose activities graduated in difficulty "from the simplest to the most complex™. They
can also offer added value by proposing activities that are calibrated in response to the
performance of the young user; that is, children can start from an easy level and progress to
increasingly complex levels based on their individual performance. This helps to optimise
the level of challenge, which is key to both motivation and successful performance.
Another key to motivation in young children is the level of fun the app induces.
Furthermore, apps need to provide feedback so that the young user gains a sense of their
performance and progress.

Selecting effective apps for preschoolers also involves some key technical elements (a)
clear, well defined contents; (b) attractive graphics and design; (c) audio-visual rather than
text-based communication; (d) effective exploitation of touchscreen interaction; (e) limited
screen size; (f) active/touch-sensitive screen areas of sufficient size (Dini, & Ferlino, 2016).
A good example of the role these elements play in an app for improving preschoolers’ EFs
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and WM is "A Memory Game for Kids"* by Rony Arbiv. This app proposes four fun and
original games to improve different memory skills and responds well to the six technical
criteria mentioned above. Figure 1 shows the "auditory memory game". This activity
proposes a "span task" in which children must memorise and process an increasing quantity
of auditory information and provide a simple motor response (touch the screen).
Specifically, the child listens to the individual sounds from a series of onscreen monsters;
then, an off-screen speaker reproduces one of those sounds. The child must identify the
monster that produced that sound by touching it. If the child responds correctly, the number
of sounds produced by monsters increases but if the child makes a mistake, the number of
sounds decreases.

Fig 1. Screenshot of the app "A memory app for kids", activity "auditory memory game"
Source: https://itunes.apple.com/it/app/a-memory-game-for-kids/id1070495677?mt=8 or

https://play.google.com/store/apps/details?id=air.com.shubi.memoryEnglish&hl=it

5. How teachers can use apps to improve WM and EFs

Using only apps to improve preschoolers’ EFs and WM would be limiting; it is
fundamental to integrate app use with traditional educational activities, ideally fun activities
carried out in small groups. Clearly, the cognitive abilities targeted by the app and the
group activity should match. When the individual and group activities are concluded, the
teacher can help the children reflect about the strategies they used to tackle the tasks, the

Link (iOS): https://itunes.apple.com/it/app/a-memory-game-for-kids/id1070495677?mt=8
Link (Android): https://play.google.com/store/apps/details?id=air.com.shubi.memoryEnglish&hl=it
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difficulties they faced, and how they overcame them. Such collective teacher-mediated
reflection can foster metacognitive abilities, even in quite young children.

To obtain an effective outcome, it is fundamental to plan a learning path that (a) comprises
a series of sessions in which activities of increasing difficulty are proposed, and (b)
alternates individual app games with more traditional non-digital group games.
Additionally, the learning path must be flexible enough to allow modification according to
the (emergent) needs of the children.

6. Conclusions

Improving EFs and WM in pre-schoolers is of vital importance because they are
associable to and predictive of children’s general learning ability. School teachers
could play a crucial role in supporting the development of WM and EFs in the
educational context, proposing integrated educational programs that include both
paper-and-pencil and technological activities. In the latter case, educational apps, if
appropriately selected and evaluated, seem to offer a series of features that are useful
for promoting pre-schoolers” WM and EFs. Therefore, suggestions for selecting and
evaluating apps provide fundamental support to teachers who are seeking to promote
WM and EFs in young children.
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Abstract

The ability of companies to develop simultaneously innovations that exploit
their current knowledge, while exploring new opportunities that go beyond
their present knowledge is recognized as organizational ambidexterity and
essential in the achievement of sustained performance above the average of
the industry. The concept of ambidexterity, includes exploration and
exploitation. Exploration requires search, discovery, experimentation, risk-
taking and innovation, while exploitation consists of behavioral patterns
characterized by refinement, implementation, efficiency, production and
selection.

Top managers are crucial to balance trade-offs among the competing
objectives regarding exploration and exploitation and to reduce the
organization’s tendency to focus only in one of them. Top managers act as a
leaders in the process of exploiting existing competencies while also
exploring new opportunities.

In this study we are going to review the literature to extract the
characteristics of ambidextrous leaders capable to cope with these tensions,
in order to achieve organizational innovations.

Keywords: Leader, ambidexterity.
1. Introduction

Innovation in firms and organizations requires the development of different capabilities. In
a dynamic environment firms could only be successful and innovative if they are enough
aligned with their current knowledge and capabilities while also explore new opportunities
(Gibson and Birkinshaw, 2004; Jansen et al., 2006). Organizational ambidexterity has been
analyzed as a capability that allows balancing and developing activities oriented to the
exploitation of existing businesses and the exploration of new opportunities (Raisch and
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Birkinshaw, 2008). Ambidexterity is difficult to achieve because it requires the
management of contradictory processes associated with exploration and exploitation
(March, 1991). It requires leaders that promote and encourage organizational members to
achieve ambidexterity. Managers are therefore proposed as one of the principal actors in
catalyzing these tradeoffs in order to be enough successful in exploring new opportunities
and knowledge at the same time that they exploit current knowledge and capabilities (Mom
et al., 2006; O’Reilly and Tushman, 2011). In this sense, education in management should
promote this ambidexterity orientation in future organizational leaders. Encouraging
ambidextrous thinking in higher education institutions could be an opportunity also to adapt
the educational process in these times of great changes (Rezende et al., 2016). The design
of the educational process has significant consequences for people involved in innovative
activities. Education provides technical competence and mastery of currently available
analytic tools to future entrepreneurs and others who will participate in activities related to
innovation and growth. Education can stimulate creativity and imagination and facilitate its
use (Baumol, 2005). Many business skills can be taught. In fact, it has been shown that the
effect of general education as measured in years of schooling on entrepreneur performance
is positive (Van der Sluis and Versloot, 2007) and business training is effective for the
performance of people who applied for microfinance to start their own business (Valdivia
and Karlan, 2006). Therefore, management schools should know the ambidexterity concept
and promote the necessary management skills to achieve it in organizations. Ambidexterity
“would be an extremely useful capability, which should be studied in depth and learned as
subject to exercise management” (Rezende et al., 2016: 1016).

Given the importance of learning managers’ skills for business students as a future leaders
in the organization, in this paper, it is intended to deepen into the antecedents that
allow managers dealing with complex trade-offs. Knowing these features is a starting
point to know how to design management courses that promote different skills to allow the
development of future leaders.

2. Theoretical background

2.1. Organizational Ambidexterity

Whereas Duncan (1976) was the first to use the term organizational ambidexterity, it is
March’s seminal paper (March, 1991) which acted as the catalyst for the current interest in
exploration and exploitation in the management literature. Building upon earlier work by
Duncan (1976), Tushman and O’Reilly (1996) were first to present a deepen analysis of
organizational ambidexterity.
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March (1991) started from a definition of exploitation and exploration in the framework of
organizational learning as two different activities. Exploitation was understood as
"refinement, choice, production, efficiency, selection, implementation and execution” in
contrast to exploration, understood as "search, variation, risk taking, experimentation,
game, flexibility, discovery and innovation" (p. 71).

From a strategic perspective, companies need competencies and capabilities to be able to
guarantee their survival and long-term success. These capabilities are also required to
compete in today's markets and allow companies to recombine and reconfigure assets and
organizational structure for adapting to technology and emerging markets (O'Reilly and
Tushman, 2008). In this sense, Teece (2007) characterized dynamic capabilities such as
skills, procedures, organizational structures, decision processes and disciplines that are
distinctive and enable senior managers to identify threats and opportunities and reconfigure
assets to address them. O'Reilly and Tushman (2004) argue that the understanding and
management of the tensions between paradoxical objectives (exploitation vs. exploration),
as well as the success in the simultaneous achievement of high levels in the variables that
cause such tensions, are essential for the competitiveness of companies and their survival.

Organizational Ambidexterity is a dynamic capability referred to the routines and processes
by which an organization mobilizes, coordinates and integrates dispersed and contradictory
forces, besides assigning, reallocating, combining and recombining resources and assets
between differentiated organizational units (O'Reilly and Tushman, 2008).

The underlying idea of achieving the simultaneity of objectives is justified under the
premise that actions aimed at radical change could generate chaos in the organization if
companies do not think about the current moment. Likewise, an approach that is too
focused on the present would provoke an organizational inertia (Huy, 2002). This is why
ambidexterity is considered as a dynamic capability, which allows ambidextrous companies
to adjust to the changes that take place in the environment (O'Reilly and Tushman, 2008,
2011).

This capability enables to pursue two sets of completely different objectives
simultaneously: exploitation vs. exploration, stability vs. adaptability, short-term benefit vs.
growth over the long term (Benner and Tushman, 2003). While these sets of objectives are
different and paradoxical, they are not alternative. Ambidexterity is the capability that
allows these objectives to be reached, not only simultaneously but also to a high degree and
in a balanced way (Simsek et al, 2009). These tensions may not be completely eliminated,
but the most successful organizations manage to reconcile them to a great extent, which
allows them to be competitive in the long term (Gibson and Birkinshaw, 2004).

@@@@ Editorial Universitat Politecnica de Valencia

181



Leader’s Ambidexterity traits

2.2. Leader’s Ambidexterity

Is essential for senior executives to manage completely varied and inconsistent
organizational alignments. Efficiency, discipline, incremental improvement and continuous
innovation, in the exploitation demand with a short-term perspective, are the crucial success
factors needed to succeed in exploitation. Exploration focus in a longer time perspective,
more autonomy, flexibility, risk taking and experimentation (March, 1991).

As key leaders in organizations, senior executives are considered to play an important role
in promoting ambidexterity. Tushman and O’Reilly (1997) state that ambidexterity is
facilitated by the top management team’s internal processes. Some studies describe
leadership processes as a supporting factor in the implementation of structural or contextual
ambidexterity, for example Smith and Tushman (2005) explored the integrative
mechanisms by which leadership teams can successfully handle the contradictions that arise
from structural separation in ambidextrous organizations. In this way, Gibson and
Birkinshaw (2004), noted the “important role played by senior executives in making an
organization context effective and developing ambidexterity” (p. 223). In this sense,
managers must act as a leaders in the achievement of ambidexterity.

3. Leader’s ambidexterity traits

Organizations not only need ambidexterity at the business unit and company level, but also
at the individual level (Mom et al., 2009). The ambidexterity at the manager’s level is
defined as “a manager’s behavioral orientation toward combining exploration and
exploitation related activities within a certain period of time” (Mom et al., 2009). The
following characteristics have been proposed in literature as necessary for managers’
achievement of ambidexterity.

Hosting contradictions (Mom et al., 2009; O'Reilly and Tushman, 2011)

Ambidextrous managers have the motivation and also the ability to be sensitive, to
understand, and to know how to manage the apparently conflicting range of opportunities,
needs and objectives. Previous research points out the need for ambidextrous managers to
deal with conflict (Duncan 1976; Floyd and Lane 2000) and to engage in paradoxical
thinking allowing managers to work simultaneously and longitudinally through the tensions
of exploration and exploitation (Gibson and Birkinshaw 2004; Smith and Tushman 2005).

The organizational ambidextrous context encourages managers to make their own decisions
about how to divide their time between alignment- and adaptability-oriented activities
(Gibson and Birkinshaw, 2004). This characteristic indicates that ambidextrous managers
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look for market and technological needs and opportunities at the same time that they have
to be able to reinforce existing positions in the product market (Burgelman 2002; Tushman
and O'Reilly 1996). Another contradiction that managers have to take into account,
following Floyd and Lane (2000), is that each level of management has different roles in a
strategy process, so ambidextrous managers should fulfill multiple roles.

Ambidextrous managers elaborate and reassess existing decisions, goals, and beliefs, and
moreover are short-term and long-term orientation for identifying and pursuing
opportunities (Ghemawat and Costa, 1993; O'Reilly and Tushman, 2004). It asks managers
to deliberately and consciously engage in experimentation and small-scale efforts with a
long-term possible payout rather than the short-term maximization of profit (O’Reilly and
Tushman 2007). Leaders must to resolve conflicts arising in the organization and take
resource allocation decisions for reaching this ambidexterity (O'Reilly and Tushman, 2011).

Performing multiple task (Floyd and Lane 2000; Birkinshaw and Gibson 2004)

Ambidextrous managers accomplish different roles and manage multiple diverse tasks
within a limited period of time (Floyd and Lane 2000; Birkinshaw and Gibson 2004) for the
competence deployment and the competence definition activities (Floyd and Lane 2000,
Sanchez et al. 1996), carry out both creative and collective actions (Sheremata 2000), and
perform routine and non-routine activities (Adler et al., 1999). Some authors also indicate
that ambidextrous managers are more generalists rather than more specialists (Birkinshaw
and Gibson 2004,) and usually act outside the limits of their own job (Adler et al., 1999).

Refining and renewing their knowledge, skills, and expertise (Floyd and Lane 2000;
Sheremata, 2000; Mom et al., 2009)

The ability of being continuously searching for distant knowledge while also achieve more
reliability and efficiency in the current and local knowledge in another characteristic of
ambidextrous managers (Mom et al., 2009). Gibson and Birkinshaw (2004) stated how
managers with more authority and flexibility in decision-making could have higher
motivation in achieving efficiency and flexibility, by recognizing new opportunities.
Pursing different goals requires higher authority and self-control in the tasks development
(Tushman and O’Reilly, 1996).

Benefiting from top-down and bottom-up knowledge (Floyd and Lane, 2000; Mom et al.,
2007)

Top-down knowledge inflows are associated with knowledge coming from persons and
units at higher hierarchical levels to the lower levels while bottom-up knowledge inflows
are associated with knowledge coming from persons and units at lower hierarchical levels
to the higher levels (Mom et al., 2007). These inflows positively relate to the extent to
which this manager conducts exploitation activities, (Daft and Lengel, 1986). Moreover,
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bottom-up and horizontal knowledge inflows is positively related to the extent to which
managers conduct exploration activities (Floyd and Lane, 2000). The more a manager
acquires both top-down and bottom-up knowledge flows, or both top-down and horizontal
knowledge flows, there will be higher levels of both exploration and exploitation activities
(Mom et al., 2007).

Promoting common vision (Ravasi and Schultz, 2006; O’Reilly and Tushman, 2007, 2011)

O’Reilly and Tushman (2011) affirm that the articulation of a common vision and values
that provide for a common identity increase the likelihood of ambidexterity. This global
vision and values allows employees from the legacy and new business to create a common
identity. A vision helps employees to adopt the mentality in the long term being important
for the exploration (Ravasi and Schultz, 2006). The shared vision provides organizational
members, including managers, with a meaningful purpose and direction, helping to keep a
connected system and promote the integration of an entire organization (Orton and Weick,
1990). Without a shared vision, the reality of a firm would be characterized by very
enthusiastic and committed individuals who pull the organization towards different
directions.

It can override the adverse effects of divergent goals and conflicting perspectives among
senior team members in charge of exploratory and exploitative units (Brewer and Miller,
1984; Mackie and Goethals, 1987), and prevent senior teams from devolving into
fragmented structures. By contrast, a lack of shared vision and values can lead to distrust
within senior team members and throughout the organization, making it hard to draw
common characteristics and to identify, extract and combine diverse skills, abilities, and
perspectives within exploratory and exploitative units (O’Reilly and Tushman, 2011).

4. Conclusions

Leaders need a serial of competences and capabilities to be able to handle in an
ambidextrous way the different exploration and exploitation activities. In ambidextrous
terms, managers must be focused on both exploitation and exploration activities. These
managerial capabilities help organizations to reconfigure existing assets and skills to detect
and take advantage of new opportunities (O’Reilly and Tushman, 2011).

This paper aimed to collect the characteristics analyzed in the literature necessaries for
managers to be ambidextrous. Most authors consider that ambidextrous managers host
contradictions (Smith and Tushman 2005; Tushman and O’Reilly 1996); they are
multitaskers (Birkinshaw and Gibson 2004; Floyd and Lane 2000); and they both refine and
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renew their knowledge, skills, and expertise (Floyd and Lane 2000; Sheremata 2000).
Global and shared vision and having incentive reward systems allows managers to achieve
ambidexterity and to keep all member in the organization involved with the ambidextrous
strategy. Furthermore, the importance of bottom-up knowledge inflows for managers’
exploration activities, and top-down knowledge inflows for managers’ exploitation
activities (Mom et al., 2007) has been outlined.

Literature is broader because personal antecedents and leaders’ characteristics are also
studied, including the different types of leadership. A more extensive review may require
finding common aspects between personal characteristics, leadership styles and
ambidextrous leaders.

This study is a starting point in identifying the characteristics that ambidextrous leaders
must have to achieve organizational ambidexterity that allows a long-term success for the
organization, and therefore it could help to design management courses that encourage
skills to achieve ambidexterity in future leaders.
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Abstract

Digital technologies play an important role in the development of partially
children, who require early intervention to help sustain and improve their
visual capacity throughout childhood, and also to stimulate their other senses
S0 as to prevent any global development deficit.

To this end, therapists, parents and teachers must be able to choose from a
wide range of suitable, up-to-date digital resources that have been field
tested and are well organized so that they can be located easily and rapidly
as required.

To respond to these needs, the authors have been involved in a research
project, which has defined the key features of apps that make them suitable
for use by and with visually-impaired children. Consequently, the project
developed an online environment that combines structured analytical
information from experts with the practical know-how of the user community
in a joint effort to support the choice of the most suitable resources to use in
different contexts and with different users.

Keywords:  shared knowledge; low-vision; education;
rehabilitation; apps.

1. Low Vision and technology: a brief introduction

Visually impaired children typically present a lack of visual acuity and reduced visual field,
conditions that are often accompanied by low sensitivity to contrast and altered colour
perception. Reduced visual space can be like looking through a keyhole, and for this reason
the condition is commonly referred to as keyhole vision. In other cases, images can appear
washed out, with low contrast levels, or colours may be perceived in a non-standard
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fashion. Generally speaking, visually impaired children have low vision in both eyes both at
short and at long range, even when wearing glasses. They are usually classified as being
visually impaired when their sight level is only 30% of that of other children. This means
that they are unable to perceive small or even standard text and pictures, but they can make
out large images when holding these close up®.

In such cases, it is vital that rehabilitation should begin at an early age, drawing on a range
of stimuli and support systems, including digital technology. Specifically, tablets and apps,
which appeal to children with normal and low vision alike, favour task concentration and
the exercising of visual effort (Dini & Ferlino, 2016). To employ these successfully visually
impaired children, rehabilitation therapists, teachers at school and parents at home need to
have ready access to apps that meet the specific needs of the young low-vision user.

To be affective, these apps must be age-appropriate and need to have strong appeal to the
child so that they can foster motivation and visual effort making. At the same time, they
must have certain usability characteristics in terms of interface and graphics.

2. Towards systematic knowledge sharing

In education, the need soon arose for tools and services to help locate and, in particular,
select suitable information for meeting specific needs. The educational research sector
responded by developing cataloguing services to help educators locate and select learning
resources. These mostly took the form of databases of material compiled according to an
objective and neutral approach emphasizing informativeness (Bonaiuti et al., 2017).

The emergence of Web 2.0 (and subsequently of social networking) had an enormous
impact on the education sector as elsewhere. Teachers, parents and other stakeholders
continued to consult trusted institutional databases and information services, but at the same
time the direct experience of others was also seen as a valuable information source. This is
especially true in the special education sector, where the experience of others is taking on
particular significance, given that accessibility and usability information is generally absent
from institutional learning resource databases.

In the effort to identify and select digital resources suitable for visually impaired children,
therapists, teachers and parents are currently engaging in informal, experience-based online
communication flows. In this light, researchers in the field of special education have the
opportunity to act as pivotal mediators, augmenting and adding value to their established,

! http://www.who.int/mediacentre/factsheets/fs282/en/
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well-trusted institutional documentation services with the integration of structured user-
driven knowledge sharing initiatives (Pantazopoulos, 2017).

Hence, there are now two pathways available to those seeking out and selecting apps that
can be used with, and by, visually impaired children: first, continue consulting institutional
documentation services which provide neutral, objective information (formal structured
flows); second, consult forums and social networks where users of different types exchange
opinions and experiences on apps (uncontrolled spontaneous informal flows).

Clearly, the challenge facing the research sector is to achieve an optimal combination of
these two approaches by combining neutral and objective catalogue information about
potentially suitable apps with appropriately filtered experiential input from users so as to
gain the best of both worlds. The aim of blending these two is to trigger a virtuous circle of
effective knowledge sharing.

This challenge has been taken up by a research team located in Genoa, Italy, which for
some time has been active in the field of technology-supported educational and social
inclusion of people with visual impairment, particularly by offering documentation services
dedicated to those ends. In 2016, the team launched a social-network oriented environment
called Sharehab (“Share rehabilitation resources”). This combines formal and informal
knowledge sharing about apps suitable for use by children and youngsters with visual
impairments of various kinds (Figure 1). The platform is substantially aimed at rehab
professionals, teachers and parents.

Children partially

N o pnneees » Visual rehabilitation needs

sighted needs H
v

Apps Selected by Teachers and/or App generic availablein

Parents S Stores o

v !

| @s=sassass Informal Information flow oo |

Criteria PRI e Apps Selected by Researchersand Therapists

4
‘ """""" Formalinformation (documentation) -------------=-=oeo- »
H v
SHAREHAB

Fig. 1 From apps to Sharehab: the information sharing process
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3. The Path to Sharehab

Defining the methodologies and tools adopted in the Sharehab initiative per se is a process
that has involved professionals from various fields and backgrounds. The same varied
workgroup has also been involved in suggesting the technical specifications and contents of
the Sharehab online environment. Project development took place over four phases:

Phase 1: Investigation and definition of the characteristics (graphics and usability) that
render apps suitable for visually impaired users, e.g. neutral backgrounds that minimise
visual interference with perception of foreground figures and text, simple illustrations with
minimal details and bold outlines, etc.;

Phase 2: Empirical validation of these criteria in tests with actual uses in the field;

Phase 3: Analysis of initial candidate apps to be catalogued in Sharehab on condition they
met the validated criteria;

Phase 4: Design and implementation of the online platform for information and opinion
sharing (platform and database).

From the research viewpoint, the crucial aspect of the project was identifying the criteria
that render apps usable for the rehabilitation, education and entertainment of children with
visual impairment (Phase 1).

Building on past work in the usability of digital resources generally (Bocconi et al., 2006),
the research team concentrated on more recent technology, namely mobile apps. The aim
was to identify key elements that underpin app usability on the part of visual impaired
children.

As well as surveying apps developed specifically with visually impaired users in mind, the
team also investigated apps of a more general nature that therapists and parents had adopted
effectively for use by and with visually impaired children. Employment of apps in this latter
category had often been made possible thanks to guidance from the research team via
different channels, and with the application of suitable adjustments (Dini et al., 2007;
Bocconi et al., 2006; 2007).

The app surveying phase highlighted a core set of critical technical criteria in apps (e.g. use
of colours, shadings, backgrounds, etc.) that have a strong impact on usability by visually
impaired children. Other aspects were identified that, while not directly effecting low vision
usability levels, were nonetheless of interest to rehab professionals and parents, such as
functions for personalizing the app, changing the interaction language, etc. These
characteristics are detailed in Panesi et al. (2018).
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In Phase 2, the research team closely consulted with the therapists, who possess strong
practical experience in low vision rehabilitation. Together the group identified an initial set
of 200 apps that are actually usable for these ends. For each app, the therapists proposed
possible applications in accordance with the type of visual impairment in question.

Phase 3 involved the design and development of a database to store and manage the data
emerging from the experimental and field activities, which would subsequently be made
available via the specifically designed Sharehab platform. The catalogue entries describing
each app are brief and concise, displaying only a subset of the evaluation data and
characteristics collected for each individual app.

Finally, Phase 4 involved the entire project team in the design and implementation of a
hybrid online environment. This was intended both to make available the collected
information destined for rehabilitation purposes and as a means for sharing the information,
knowledge, and evaluations generated by the experience of the active user community.

4. The Online Environment for formal and informal information sharing

Sharehab can be considered as a hybrid environment, in that it blends documentation,
catalogue information, and opinions with the aim of facilitating the identification of
resources for low vision rehabilitation. The platform has been optimized for use on mobile
devices and provides user-friendly search functions for locating apps to meet the user’s
specific needs. Only a small number of search criteria are made available: app title, target
user age, degree of eyestrain correlated to visual impairment category. This design choice is
a deliberate attempt to facilitate use by non-specialist users, such as parents. When the user
performs a search, a list of records (under the heading “Occhio alle app!”) is generated in
response to the search criteria that the user has applied. Filtering functions are available to
narrow the list of records so that they align more closely to user interests and requirements.
Each individual record on the list comprises an illustrative icon of the app, the app title, a
very brief description (in Italian), and a community rating score; to display the complete
catalogue entry for the chosen app, the user simply needs to click on the app record title.

The full catalogue entry provides a set of basic information that has been validated by
Sharehab researchers. These describe the app and the main interaction features that may
impact on usability. There are also indications from therapists that determine what type of
visual impairment the app can be used with; this information is the fruit of extensive field
tests carried out together with children who have different kinds of visual impairment.
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Users who have registered and logged into Sharehab can also add comments and ratings
about the listed apps. Further specialized, technical information regarding rehabilitation use
is displayed to rehab professional users only.

As explained, the Sharehab catalogue entry for each app specifically addresses visual
impairment matters. However, this specialized information is complemented by more
general educational information directly available from the corresponding catalogue entry
in Essediquadro?, a general-purpose digital educational resources information service also
run by CNR-ITD. The corresponding entries in the two services are interlinked to facilitate
navigation and to promote a more inclusive approach to the adoption of mobile apps.

Sharehab also features subsections that showcase apps which have caught the attention of
the community and/or have attracted favourable comments or ratings. The platform also
includes supplementary information pages.

5. Sharehab’s target users

Sharehab mainly addresses the needs of families of children with visual impairment,
rehabilitation professionals and teachers. The platform offers users three different access
levels (Guest, Basic and Pro) for accessing contents and contributing to the knowledge
building process.

Anyone can explore Sharehab as a Guest user, so as to get a taste of the platform and the
project itself, and therefore decide whether or not to join the community. Guest users can
consult listings of a variety of apps suitable for children with visual impairment and access
basic information about the criteria guiding app choice.

At the other end of the scale, rehab professionals, orthoptists and visual rehabilitation
therapists can register as Pro users. This grants them access to supplementary technical
information regarding particular apps for rehabilitation. The added value at this level lies in
the opportunity for professional peers to exchange of know-how expressed in familiar
technical, sector-specific language. This regards aspects like the application of technical
aids, compatibility with accessibility features, management of involuntary user movement,
ergonomics, and experience-based knowledge of target user needs. To identify which apps
are best suited to particular rehab needs, Pro users can search the catalogue using a specific
menu of general sight function categories. Each function is related to a specific
rehabilitation methodology and objective.

2 https://sd2.itd.cnr.it/
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The bulk of Sharehab users register in the Basic category, which effectively represents the
core of the Sharehab community. This largely comprises sector professionals, teachers and
parents. Basic users can share their experiences and opinions of the apps listed in Sharehab,
and can also propose new apps to be listed on the platform based on their practical and/or
professional experience. Participation in the community is open to all Basic users who are
willing to share their experience and expertise and to enrich the community’s knowledge
base with their own information, whether of a professional nature or not.

It was decided not to add a general discussion space on the platform, as this could well have
ended up being dominated by a small number of highly active, experienced members,
possibly discouraging others from sharing their experience. Conversely, a more discreet
form of participation was foreseen, whereby users can post comments tied to specific
product listings. In this way, the primary focus for user feedback is on the app and on their
experience and impressions thereof.

As is the case in most content-centred educational communities (Trentin, 2004),
interactions in Sharehab affect the dynamics surrounding the content. Typically, the
opinions, ratings, and displayed pages tend to centre around the sections of the platform
that highlight the most commonly viewed and highly rated apps, those that have attracted
the most recent comments, and the “Top Apps” (combined rating and comment level).

Such features help to provide stimulus and focal points for interaction, especially for new
users, without limiting the scope for freedom of expression. There is ample space for
sharing experiences, and for informing others about salient characteristics to consider when
choosing a usable product that meets specific needs.

The consolidation and growth of Sharehab is grounded in its involving and expanding user
community. This comes not just through uses sharing opinions and ratings about the apps
already listed on the platform, but also by allowing them to propose inclusion of new apps
that they themselves have used effectively in their practice and activities. When the
Sharehab editorial team evaluates these and shares them on the platform, a virtuous circle
of knowledge sharing and knowledge building is generated that is the essential drive force
of the Sharehab initiative and the key to its sustainability.

Added value derives from ongoing interaction and exchange between people who share a
common objective, in this case support for children with visual impairment. Without
Sharehab, this value would be lost to those who could benefit from it most.
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6. Conclusion

Given their high degree of manageability, mobile devices like smartphones and tablets now
form part of the daily lives of most children and youngsters, including those with visual
impairment. They use tablets in particular in a range of different settings: for home
entertainment, for learning at school, and also for carrying out rehabilitation exercises.

Given the enormous number of apps available on the market, making a suitable choice for
low vision users can be a complex matter. Accordingly, the need arises to identify and
apply criteria for selecting apps that propose activities and contents that align appropriately
with the end user’s age group and, at the same time, provide insight into the characteristics
unpinning contents, interface and interactions.

One way to address the challenge of identifying such apps is to rely on authoritative,
institutional online cataloguing and documentation services that seek to provide
information in a neutral and objective manner. Another is to seek out the experience and
opinion of others who have actually had practical experience in using such apps and hence
are aware of their potential and limitations.

This latter type of information typically flows in an informal and spontaneous manner
within social networking contexts. This form of communication exchange is increasingly
becoming part of the research world too as an amplifier underpinning knowledge building
processes.

It is our firm belief that children with visual impairment can and should be able to use
emerging technologies like apps, so long as these respond to certain requirements. This can
be achieved by channelling the informal information spontaneously generated and
exchanged online by users within structured documentation services. This is the hybrid
approach pursued by Sharehab, which combines formal and informal information in a
manner that leaves the way open for dynamic ongoing enrichment. Sharehab’s challenge is
to respond successfully to the diverse needs of different actors and stakeholders, such as
therapists, teachers and parents, who are seeking to select appropriate apps for children with
low vision that can then be used in a range of settings and for different purposes, whether it
be rehabilitation, learning or entertainment. On a final note, we believe that the Sharehab
model could be successfully adopted to meet the needs of other kinds of disability in
addition to visual impairment.
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Abstract

This paper presents the results of implementing the Flipped Learning Agile
(FLA) methodology as a general framework to manage courses and to
encourage proactive learning for students in higher education levels. Flipped
Learning is used in combination with Information and Communication
Technologies (ICTs) to encourage the student in the self-learning process. It
is proposed the integration of an Agile Methodology that includes the use of
Scrum and Kanban methodologies, by means of sprints for task scheduling
and using a board for activities status, into a Flipped Learning (FL)
environment. The proposed FL environment is composed of applications such
as YouTube, Google Classroom, and Google Drive. The Scrum methodology
was designed for 4 sprints, each one for a week-long. Before applying the
FLA methodology, a Motivated Strategies for Learning Questionnaire
(MSLQ) was applied in a group of Electrical Circuits students at the
University of Guadalajara. To examine the self-regulated learning process,
the performance of the students was analysed before applying the FLA
methodology; the same MSLQ was carried out after implementing the FLA
methodology. The analyses of the last MSLQ show that the implementation of
the FLA methodology, by means of the integration of the Agile methodologies
of Scrum and Kanban into a flipped learning environment, encourage the
self-learning strategy for higher education level students.

Keywords: Flipped Learning, Agile Methodology, Scrum, Kanban, Learning
strategies, sprints, Peer-learning.
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1. Introduction

Agile methodologies have improved project development in the industry. The Agile
Manifesto (Schwaber, 2004) settled down a development paradigm introducing Scrum and
Kanban methodologies (Maximini, 2015; Stellman & Greene, 2016) leading to a faster and
more efficient project management. Scrum frameworks allow the completion of complex
projects by dividing them into small time-lapsed tasks called sprints (Tracy, Frog, &
Power, 2014); while Kanban boards are meant to organize these tasks into a categorized
status list of activities in the form of a planned task board (Hammarberg & Sundén, 2013;
Leopold & Kaltenecker, 2015).

Agile methodologies have probed to improve project management in software engineering
fields (Ahmad, Dennehy, Conboy, & Oivo, 2018) as well as in product-service systems
(Hernandez, Version, & Hernandez, 2019). Recently, Industry 4.0, which can be defined as
the integration of Internet of Things, Big Data and Artificial Intelligence into traditional
industry (Vaidya, Ambad, & Bhosle, 2018; Xu, Xu, & Li, 2018), has started to make an
extensive use of agile methodologies (Cakmakci et al., 2019).

There are also efforts for applying agile methodologies in Education fields. In the work of
(Fernanda et al., 2018), a case of study in Universidad Técnica Particular de la Loja in
Ecuador, is presented to apply agile methodologies in their teaching-learning process for
engineering. Authors present a scrum based framework to plan, develop and follow-up
academic activities. As a result, their students became more efficient and self-satisfied, with
a higher interaction level in teamwork, as they were actively involved in more stages of the
teaching-learning processes than in the traditional method. Also in (Fernanda et al., 2018) is
presented an adaptation of the Agile Manifesto principles into the Academic field. Other
authors have explored the potential, and evaluate the benefits, of agile methodologies and
lean concepts to design teaching units, as (Judd & Blair, 2018) presented in their case of
study for an Australian university which adopted these strategies. They found that peer-
learning was encouraged in students. Peer-learning is a process where students are
stimulated to collaborative learning and efficient teamwork (Nielsen, Johansen, &
Jorgensen, 2018). As in agile methodologies is needed to work in teams, peer-learning
becomes very important.

There are many instruments to encourage peer-learning. Recently Information and
Communication Technologies (ICTs) had led to a Flipped Learning classroom
environments for individual and collaborative online work. The authors in (Basoo-
Arénguiz, 2018) present a variety of online tools, like Google Classroom, YouTube, Google
Drive, as a technological framework for a Flipped Learning (FL) environment
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methodology to promote peer-learning and self-regulated learning strategies (Broadbent &
Poon, 2015).

In this paper, it is presented a combined Flipped Learning and Agile (FLA) methodology
applied to a case of study for a final project in a group of students for the course of Applied
Electrical Circuits at the Universidad de Guadalajara, México. Improvements in student
performance were measured by applying a Motivated Strategies for Learning Questionnaire
(MSLQ) before and after implementing the FLA methodology.

The objectives of this work are as follow:

e To apply an FL environment to academic activities for a higher education level
assignments.

e To apply the Agile methodology, the Scrum framework, and Kanban boards, for
the student's activities.

e To obtain and analyze students self-learning and motivational learning beliefs
indicators before and after applying the FLA methodology.

2. Research methodology and implementation

The methodology used is based on a Flipped Learning (FL) environment as presented
(Basoo-Aranguiz, 2018), using the online Google Classroom suite as the course
management platform, where the professor can publish and evaluate assignments as well as
course additional material publishing. Also YouTube and Google Drive were incorporated
into the Flipped Learning environment model presented. The inclusion of Agile
methodologies was implemented by means of a Scrum framework and a Kanban board for
the final course project. The student's performance is evaluated by a Motivated Strategies
for Learning Questionnaire (MSLQ) before and after the FLA is implemented. As a case of
study, the methodology was applied for 4™-semester students of Engineering in Energy at
the Universidad de Guadalajara in the Applied Electric Circuits course. The student's group
was composed of 23 students (18 men and 5 women aged 19 to 31 years old).

The Applied Electric Circuit course program is divided into five thematic units. For the
case of study, in order to apply the FLA methodology, it is proposed a new sixth unit to
integrate the Scrum framework and Kanban board as well as the MSLQ as a student's self-
regulated learning strategies and motivational beliefs assessment.

Tools in face-to-face lectures and online work, such as Google Classroom, Google Drive
and YouTube, were used as a flipped learning environment to accomplish the Scrum
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framework and Kanban boards tasks. Figure 1 shows the FLA methodology adaptation
proposed for academic fields.

Proffesor
assigns
final
course
project
requireme
nts

Proffesor
applies final
MSLQ for

Student
work
teams

Proffesor
applies

Proffesor
asses final
projects

Sprints 1 to
4 and

initial

assesing

learning
performance
improvements

present
Final

Kanban L
Project

updates

Assessment of Flipped learning environment setup Student work teams Final course project delivery,
student (Google Classroom + YouTube + Scrum and Kanban professor assess activities and final
learning Google Drive) and final course activities students learning strategies for
strategies project requirements improving assessment

Fig. 1 Flipped Learning Agile Methodology proposed for academic field.

The MSLQ, as propose (De Groot & Pintrich, 1990; STEM Learning and research center,
2018), was applied at the beginning of thematic unit six and before implementing the FLA
methodology in the student's group. Figure 2a shows the MSLQ students register form and
Figure 2b shows the MSLQ 0 to 7 questions to carry out the assessment.

@ Editorial Universitat Politécnica de Valéncia

202


http://creativecommons.org/licenses/by-nc-nd/4.0/

Jests Aguila-Leon, Carlos Vargas-Salgado, David Ribo-Pérez, Paula Bastida Molina

H H H Prefi | trabajo de cl tador, de tal
Motivated Strategies for Learning I A e o o mRcORRiaimanen g0
Questionnaire V203 4 5 6 7
“Obligatorio Nadaclertoparami O O O O O O O Muyclerto parami

_ BRI o T A A RalA Class, o saiate
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Apellido paterno * 1 2 3 4 8 & 7

Nadaciertoparami O O O O O O O Muycierto para mi

Suelo estar muy nervioso durante los examenes, de tal manera
i * i
Apellido materno que no puedo recordar cosas que he aprendido *

1 2 8 4 8 6 7
Nada ciettoparami O O O O O O O Muycierto para mi

Nombre(s) *
Para mi es importante aprender lo que se ensefia en esta clase *

1 2 3 4 85 6 7

Nadaciertoparami O O O O O O O Muycierto para mi

Género *
Hombre Me gusta lo que estoy aprendiendo en esta clase *
1 gl 8 4w e g
Mujer

Nadaciertoparami O O O O O O O Muycierto parami

Prefiero no decirlo

Estoy seguro de que yo puedo entender las ideas ensefiadas en
Edad * este curso *

1 2 3 4 5 6 7

Nada clertoparami O O O O O O O Muyclerto para mi
@ (b)
Fig. 2 MSLQ online form, (a) shows the student register and (b) the applied questions
After applying the MSLQ, professor publishes, by means of Google Classroom, the final
project requirements and assessment policies. Then student’s teams start to work in their
own activities using the Scrum framework and Kanban board for scheduling the tasks.

After finishing each sprint, students must update their Kanban board. Figure 3 shows an
example of Kanban board implemented by a student’s team.

MACETA INTELIGENTE 2019

PENDIENTES FECI NZO FECHA o COMPLETADO COPLETADO

conseguir materiales  10/04/19 03/05/19 100% [] electronicos
conseguir materiales  10/04/19 03/05/19 100% [] paramaceta
realizar el diagrama ~ 10/04/19 03/05/19 realizar el diagrama 75%

simular circuito 10/04/19 03/05/19 0%

hacer maceta 10/04/19 03/05/19 hacer maceta 75%

armar maceta 10/04/19 03/05/19 armar maceta 25%

comprobar maceta 10/04/19 03/05/19 0%

programar arduino 10/04/19 03/05/19 100% []

armar filamento 10/04/19 03/05/19 100% []

conseguir planta 10/04/19 03/05/19 100% []

hacer calculos 10/04/2019 03/05/2019 hacer calculos 25% por el momento se ha complicado

Fig. 3 Kanban board implement by a team of students

@ Editorial Universitat Politécnica de Valéncia

203


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

A Flipped Learning Agile Methodology for teaching in higher education levels

After all Scrum sprints were completed and the final project delivered, it was applied an
MSLQ again to evaluate the students self-regulated learning strategies improvements. Table
1 shows how questions of the MSLQ evaluates the students learning components.

Table 1 MSLQ learning components index assessment

Learning component

Questionnaire

Motivational Beliefs

Self-Regulated Learning

Strategies

Self-Efficacy
Intrinsic Value

Test Anxiety

Self-Regulation

Cognitive Strategy Use

2,7,10,11, 13, 15, 20, 22, 23

1,5,6,9,12,17,18, 21,25

3,14, 24,27

53, 54, 56

32, 34, 40, 41, 43, 45, 46, 52, 55

30, 31, 33, 35, 36, 38, 39, 42, 44, 47

Using the learning components presented in Table 1, it is possible to assess the students
self-regulated learning strategies and their motivational beliefs. A higher index in self-
efficacy, intrinsic value, cognitive strategy use, and self-regulation is desired.

3. Results and discussion

A comparison of the results between the first and the last MSLQ (for motivational beliefs
and self-regulated learning strategies) was carried out, as shown in Table 2.

Table 2 MSLQs results and its learning components rate change (A)

Strategy MSLQ component 1"MSLQ group results 2@ MSLQ group results A
Motivational Self-efficacy 5.51 5.70 +0.19
beliefs -
Intrinsic value 5.49 5.64 +0.15
Test anxiety 5.34 5.54 +0.20
Mean value 5.45 5.63 +0.18
Self-regulated Cognitive strategy use 5.00 5.41 +0.41
learning .
Self-regulation 4.90 5.35 +0.45
Mean value 4.95 5.38 +0.43
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Agile methodologies and flipped classroom framework allowed the students to improve
their self-regulated learning strategies, as well as their motivational learning beliefs as
shown in Figure 4.

Motivational beliefs and Self-regulated learning strategies
components evolution for applying the FLA methodology

5,80
5,60
5,40
5,20
5,00
4,80
4,60

5,63

5,38

MOTIVATIONAL BELIEFS SELF-REGULATED LEARNING
STRATEGIES

m1st MSLQ m2nd MSLQ

Fig. 4 Motivated Strategies for learning evolution after applying FLA methodology

According to results in Table 2, improvements in self-regulated learning strategies were
noticed, changing the score from 4.95 to 5.38 points. While a less significant change was
noticed in motivational beliefs strategies, scored from 5.45 to 5.63 points. About specific
learning components, “self-regulation” score increases from 4.90 to 5.35 points. “Self-
regulation” is related to an improvement in how students transform mental abilities in task-
related skills (Zimmerman, 2001). “Cognitive strategy use” score increase from 5.00 to
5.41. “Cognitive strategy use assesses” how students learned to use new tools presented
(Kauffman, 2004).

4. Conclusions

This paper presents the FLA methodology framework and its implementation results in a
case of study for a student’s group at the University of Guadalajara, México. Results of
applying FLA methodology show that the method acts meanly on the self-regulated
learning strategies and its related learning components. Main advantages obtained after
applying FLA methodology are:

- Professors can improve significantly the self-regulated learning strategies in their
students.

- Students increase self-confidence using the Scrum framework and the Kanban
board improving their learning self-regulation.
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Abstract

Gamification techniques have demonstrated that students improve their
learning process through mobile applications. However, every teacher
creates his/her own questions for the game design, involving classroom
response systems through a digital app such as Kahoot!, Socrative, Blicker,
Clickers, Plickers, etc., without previous planning of the difficulty in every
question formulated to the students. This work focuses on the evaluation
design of a questionnaire for the final test of the Power Electronics subject,
following Bloom’s Taxonomy methodology for every level of critical thinking
within the cognitive domain of the learning process for students.
Furthermore, an analysis of the V-Aiken for the reliability and validity of
each question were taken into account. The final test implementation was
carried out at Centro Universitario de Tonala, Jalisco, Mexico, involving
nine students of the Energy Engineering grade of the fifth semester. The
results show an analysis of the performance of the students when applying a
designed test based on revised Bloom Taxonomy. It was better because the
student demonstrates, in a more integral way, his/her mastery skill in
different topics of the subject, while the results of the not-designed exam
showed a poor student performance because all of their knowledge and skills
are not evaluated when it is not applied a proper effective question.

Keywords: Questionnaire design, gamification in education, Kahoot!, Bloom
Taxonomy, V-Aiken.
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1. Introduction

Modern education demands technology innovation (Westera W, 2004). Due to the growth
of student population and technology innovation, the learning environment in schools has
been changing the way a student can learn interacting with the new educational digital
platforms. Nowadays, educational institutions requires the inclusion of new information
technologies within a classroom environment where students must have access to online
digital tools (Tak, Wong, Yuen, & Wong, 2018). Although technology is gaining greater
importance in the modern learning environment and for educational purposes, it is essential
to remember that technology serves as a tool for teachers to deliver knowledg to the
students. Students perceive gamification activities as a strong tool for the scholar
assessment and the student performance, it is an important key to harnessing the power of
gameplay for educational purposes (Kingsley & Grabner-Hagen, 2018). The main problem
of gamification activities, especially in Kahoot!, is that questions asked on the game are
often very easy to answer by students or any other person who wants to play a game of a
specific subject. Many times these questions do not follow a methodology to be better
formulated or answer options are simple to discard because they are not related to the
question (Wang & Hoang, 2017). In other words, the set of questions made by a game
results inefficient for the students and have no value for the learning process during the
course. Students perceive gamification activities as a strong tool for the scholar assessment
and student performance. It is an important key to harnessing the power of gameplay for
educational purposes (Kingsley & Grabner-Hagen, 2018). As a consequence, the main
objective of this work is to evaluate the differences between a set of normal questions made
on Kahoot! and a second set of questions based on the six level of learning skills according
to the cognitive domain of Bloom Taxonomy, in order to stimulate critical thinking of
students. To this end, Kahoot! was used in the subject of Power Electronics belonging to
the Energy Engineering degree at the University of Guadalajara, Mexico, as a case of study.

1.1. Bloom Taxonomy

It is important to evaluate the learning process of students because it is an effective way to
provide a valuable feedback on the design and the implementation of the study program in a
continuous process and a periodic exercise. (Rajsp, Berani¢, Hericko, & Horng-Jyh, 2017).
One way to accomplish the above is through a hierarchical model used to classify
educational learning objectives into a level of complexity known as Bloom Taxonomy. It
divides the way people learn into three different domains. Cognitive is one of those
domains, which emphasizes the intellectual performances of people, then is the affective
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domain, based on people emotions, and psychomotor which involves manual or physical
skills (Bloom, 1956). The goals of the learning process are to acquire new skills,
knowledge, and attitudes. Bloom taxonomy is commonly used in applications for exam
papers assessment where the cognitive level is the prime objective of a school subject
(Sivaraman & Krishna, 2015). Furthermore, it is also applied in scientific writing papers,
such as literature reviews, where the author needs to develop and demonstrate the
intellectual skills for every one of the six categories of learning in the cognitive domain
(Granello, 2001). In the beginning of the 21* century Lorin Anderson, a former student of
Bloom, revised the cognitive domain in the learning taxonomy making two big upgrades:
changing the names in the six categories from noun to verb forms and rearranging the
evaluation and synthesis skills as seen in Table 1.1, this new structure of Bloom taxonomy
reflects a more active and accurate form of the learning process (Anderson, et al. 2001).

Table 1.1 Bloom Taxonomy cognitive domain modification.

o . Original Bloom Taxonomy Revised Bloom Taxonomy
Thinking Skills
(Bloom, et al. 1956) (Anderson, et al. 2001)
. Knowledge Remembering
Low Order Cognitive . .
. Comprehension Understanding
Skill (LOCS) . .
Application Applying
. . Analysis Analyzing
High Order Cognitive . .
. Synthesis Evaluating
Skill (HOCS) ] .
Evaluation Creating

1.2. Gamification in Education: case of Kahoot!

Popular online games have shown very interest in students, fomenting the competitivity and
superiority of the smartest student of the group (Raj$p et al., 2017). Many works have
demonstrated that gaming platforms result pleasant and fun to play, even though many of
them do not deliver knowledge, only serve as a tool of reinforcing the knowledge of
students (Sola Guirado, Castro Garcia, & Gonzalez Sanchez, 2018; Stott & Neustaedter,
2014). One of the most popular gamification tools being used in the academic field is
Kahoot!, which is a free e-learning platform with more than 30 million users (Bicen &
Kocakoyun, 2018). Using kahoot! Proffesor can set up conducted learning games, design
own tests. Furthermore, questionnaires can be projected in the classroom and each student
can answer it via web or smartphone application, also question punctuation, student
accumulated score and winner can be displayed motivating a competition environment
(Ares, Bernal, Nozal, Sanchez, & Bernal, 2018).
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1.3. Content Validity

One aspect to consider while designing the questionnaire in Kahoot! is the validity of the
questions on the game. Content validity is mainly used to test whether the items possess
representativeness and comprehensiveness, and whether or not the items tested fully reflect
the contests and theories seen in class. Hence, in order to obtain a valid and reliable
measurement instrument of each item, it is a must to follow a systematic procedure to
achieve that. One approach is the content validity coefficient and homogeneity reliability
coefficient proposed by Aiken (1980), which can be used to quantify the validity rating of
each item into one coefficient called “V value”. The procedure for determining the V
coefficient begins with the ratings of m items by a single rater. Validity ratings can be made
on any convenient scale of ¢ successive integers. In this particular case, the ratings will be
4, from 0 to 3. When ratings of m items are made by one rater, the V coefficient for that
rater is computed in Eq. 1.
Ys
V= m#Eq. 1

Where V is the item validity index; s is the score assigned by each item minus the lowest
score in the used category s = r — [,,, with r equals to rater category selection score and 1,
equals to the lowest scores in the scoring category); m is the number of items; and c is the
number of categories that raters can choose. The V index value ranges from 0 to 1. The
closer an item to 1, the better it is (Aiken, 1985).

2. Methodology

In this research two sets of 13 questions were conducted; the first one evaluating normal
questions of the Power Electronics subject and the second one evaluating the questions
based on the six levels of learning of Bloom Taxonomy within the cognitive domain. Each
item was accompanied by a Likert scale from 1 to 3 to reflect the judge’s opinion with each
statement, as seen in Table 2.1.

The Kahoot! session was held in April 2019, using student’s smartphones. The session was
divided into two questionnaire application; the normal test was first and the design test
(according to revised Bloom Taxonomy) was second. A total of 9 students belonging to the
subject “Power electronics” of the Bachelor Degree in Energy Engineering of the
Universidad de Guadalajara took both questionnaires. By gender, 11.11% were women and
88.89% were men. Considering age, 90% were students up to 21 years old while the
remaining students were over 21 years.
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The missing questions of the table were not relevant to write them because they are on the
same cognitive level of knowledge, comprehension or application, making the first
questionnaire on the Low Order Cognitive Skill (LOCS). The second questionnaire is
located on the High Order Cognitive Skill (HOCS) due to the complexity of the formulated
questions. Table 2.2 shows the categorization of questionnaire one and two according to the
cognitive domain of Bloom Taxonomy. It is notable that many items belong to the
Remembering and Understanding skill, while items three and eight only belong to the
Applying skill. Furthermore, questionnaire number one consists only on LOCS, while
questionnaire number two applies LOCS and HOCS for the item design.

Table 2.1 Sample questions to rate item of certain cognitive level for both questionnaires

How well

does the item

Cognitive level Questionnaire statement of the first session evaluate the
concept?

1 2 3

Knowledge 1. Arectifier is a device which converts...
Comprehension A single phase bridge rectifier consists of how many diodes?
The AC source has an effective voltage of 120 V, 60 Hz. Calculate DC
voltage across the load.

Questionnaire statement of the second session

Analysis 4. Why a rectifier transforms the AC energy input into DC energy output?
Synthesis 5. How would you test a single phase full-wave bridge rectifier?
Evaluation 6. What protections would you recommend for a safety home electrical installation?

w N

Application

Table 2.2 Ttem categorization based on Bloom’s taxonomy for both questionnaires.

LOCS and HOCS of Bloom Questionnaire #1 Questionnaire #2

Taxonomy Items Items

Remembering 1,2,3,4,5,6 1,2,3

Understanding 7,8,9 10,11 4,5,6
Applying 12,13 7,8
Analyzing NA 9,10

Evaluating NA 11,12
Creating NA 13

*NA = Not Available
The steps taken for this study were:

1. Determining the complexity level of each question according to the cognitive domain
of Revised Bloom Taxonomy from the lowest order to the highest order.

2. Evaluating each question previously designed by inviting experts, teachers or
researchers to engage in the content validity testing.
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3. Checking all the responses given on each item with a significant standard of content
validity coefficient (V value).

4. Applying questionnaires #1 and #2 to the students.

5. Analyzing the game’s outcomes for interpreting the results.

3. Results

In this section, the results obtained are presented in Table 3.1, where each question was
evaluated according to Bloom Taxonomy and calculating the V-Aiken value for the
validation of items by three expert judges (J1, J2, J3), with a confidence index (CI) for both
questionnaires.

Table 3.1 Results of the validity calculation using Aiken formula for the questionnaires.

Questionnaire #1 Questionnaire #2
Judge Criteria Judge Criteria
Item
95% CI 95% CI

Y atken Lower Upper Y atken Lower Upper
1 0.167 0.080 0.254 0.833 0.746 0.920
2 0.167 0.080 0.254 0.833 0.746 0.920
3 0.500 0.413 0.587 1.000* 0.913* 1.000*
4 0.167 0.080 0.254 0.833 0.746 0.920
5 0.500 0.413 0.587 0.833 0.746 0.920
6 0.500 0.413 0.587 0.833 0.746 0.920
7 0.333 0.246 0.420 1.000* 0.913* 1.000*
8 0.333 0.246 0.420 0.833 0.746 0.920
9 0.667 0.580 0.754 0.833 0.746 0.920
10 0.333 0.246 0.420 1.000* 0.913* 1.000*
11 0.667 0.580 0.754 0.833 0.746 0.920
12 0.833 0.746 0.920 0.833 0.746 0.920
13 0.833 0.746 0.920 0.833 0.746 0.920

Note: *Denotes where V-Aiken coefficient satisfies condition V > 0.75.
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Table 3.2 Outcomes of questionnaire #1 done in Kahoot!.

QUESTIONNAIRE # 1: Test of Power Electronics

Total

Correct Incorrect
Rank Players Score Total answers 117
. Answers Answers
(points)
1 Student 9 28,224 13 0 Total Correct answers 106
2 Student 7 27,668 13 0 Effectiveness percentage 90.60%
3 Student 3 26,677 12 1 Incorrect answers 11
4 Student 5 25,864 12 1 Ineffectiveness Percentage 9.40%
5 Student 1 23,264 12 1 Average Points 24,468.22
6 Student 4 22,198 12 1
7 Student 2 22,198 11 2
8 Student 8 21,256 11 2
9 Student 6 20,085 10 3

Table 3.2 and Table 3.3 shows the outcomes of the games on Kahoot! after the revision of
judges on item analysis was done to questionnaire 1 and 2. One aspect to observe was that
students who obtained good results in the implementation of the first questionnaire do not
achieve the same results on the second questionnaire application. Therefore, the number of
correct answers or points obtained during the game do not necessarily make a student more
intelligent, but it is subject to several interpretations to really know the level of knowledge
of the participants in the game and their skills and mental abilities.

Tabla 3.3 Outcomes of questionnaire #2 done in Kahoot!

QUESTIONNAIRE # 2: Modified Test of Power Electronics

Total
Correct Incorrect
Rank Players Score Total answers 117
i Answers Answers
(points)
1 Student 5 8956 9 4 Total Correct answers 71
2 Student 8 8294 9 4 Effectiveness Percentage 60.68%
3 Student 2 7548 9 4 Incorrect answers 46
4 Student 3 6861 8 5 Ineffectiveness Percentage  39.32%
5 Student 1 6657 7 6 Average Points 6,872.11
6 Student 9 6550 8 5
7 Student 4 6456 7 6
8 Student 6 6196 8 5
9 Student 7 4331 6 7
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4. Discussion

The goal of this study has been to design a proper questionnaire for gamification in
education, according to a methodology for a better performance of student’s learning
objectives by applying the Revised Bloom Taxonomy. It has proven to be a good
mechanism to develop and create more effective questions than only “yes or no” answers.
Perhaps not many teachers would like the idea to redesign a quiz for the time that involves
thinking, analyzing and classifying each question depending on the skill level of the
cognitive domain. Although students prefer applying the test on digital platforms and taking
quizzes over online games perhaps reality is that educational institutions do not like the
idea of changing panorama even though digital tools go hand-to-hand with the new
generation students. Overall, content validity is a powerful tool to measure the evaluate
student’s performance. Bloom taxonomy is ideal for better construction of learning
objectives. Kahoot! is a fun, dynamic and interesting platform where competitiveness and
learning among people come to challenge.

The first questionnaire showed that questions on the game that lacks complexity and
difficulty can be fun to play but the second questionnaire was statistically validated with the
use of V-Aiken, showing that questions are more challenging and therefore, requires more
time to think and analyze the problem. It is good to enhance student’s learning and
stimulate their cognitive skills. All of them, LOCS and HOCS, result as important as
formative evaluation. Some future research projects that can be done are the addition of a
greater number of judges, validators or teacher who are Subject-Matter Experts for a better
questionnaire validation of the V-Aiken. Also, the item discrimination index and item
difficulty index can take place in order to find those items which are extremely hard to
answer or too easy to solve. With that, a more comprehensive analysis can be made to
discard questions on Kahoot! games.
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Abstract

With the new paradigm of higher education, courses syllabus are not only
addressed to develop the knowledge in some specific contents, but also to let
the student acquire a set of the so-called transversal competences or soft
skills. Amongst these, the ability of the students to communicate in an
effective manner is a soft skill that will present a key role in the future
careers of the students. In this paper, the experience in two courses of the
Aerospace Engineering Bachelor Degree working on the effective
communication through written technical reports is presented. Different
enhancements have been introduced over the years, including specific
sessions to present best practices for written reports, assessment using
rubrics or intermediate deliveries to provide feedback to the students before
they deliver the final report. The analyzed courses belong to consecutive
years and are taught in both Spanish and English, which provides a wide
view for understanding the impact of each feature. With the current
configuration, significant improvement in the students written reports
readability is obtained. Their works are more rigorous in terms of writing
and format. Nevertheless, the effect of these new features on the technical
content of the reports is slight. Overall, the content is transmitted by the
students in a more effective manner.

Keywords: key skills, scoring rubrics, transversal competences, effective
communication, evaluation.
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1. Introduction

For more than 20 years now, companies have been transmitting to universities their concern
about the skills acquired by students in their training cycle. Among others, such as a good
understanding of engineering science fundamentals (mathematics, physics, computing...),
one of the desired attributes of an engineer is good communication skills (written, oral,
graphic and listening) (The Boeing Company 1996).

Part of the responsibility of developing such skills relies on the university, in cooperation
with their "customers" (i.e. industry, academy, administrations...), and in recognition of
their own local resources and constraints. The implementation of the Bologna system (The
Bologna Declaration 1999) was the result of the requirements of these “customers”,
promoting the students to demonstrate (Crooks 1988) not only knowledge of the basis but
also a series of competences at the end of their formation.

Under this scope, the Universitat Politécnica de Valencia (UPV) was one of the precursors
in the design of a work plan based on a series of 13 specific competences or soft skills,
assigned to each course or subject (UPV 2015). These soft skills are characterized for being
integrating, transferable, independent, multi-functional and evaluable. Three levels of
control are established within them: first level (developed during the 1st and 2nd years of
Bachelor’s degrees), second level (3rd and 4th years), and third level (acquired in a
Master’s degree).

The soft skill number ‘08 - Effective communication’ is investigated in this work. This
constitutes a key interpersonal skill for many jobs. Effective communication is more than
just exchanging information, it is about understanding the intentions behind the information
transmitted in the fastest and most direct way. Among the different communication
channels, written communication is the one analyzed in this case. Although there are many
guides for achieving effective written communication (Koehler 2001), this skill needs to be
trained and consequently evaluated (Yusof 2015, Masoud 2019).

This document describes the actions carried out in the frame of two courses of the
Aerospace Engineering Degree at UPV that act as “control points” for the aforementioned
soft skill. This implies the students face activities planned to develop this skill, followed by
an evaluation of their achievements. Indicators for comparison are reported from the
academic year 2015-16, the year before scoring rubrics were introduced to conduct the
evaluation process (Tiseira 2015). The analyzed courses are sequential in time. This allows
to investigate whether training the soft skill during the first course has a noticeable effect on
the second one.
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2. Description of the courses

2.1. Aerospace Technology

Aerospace Technology (AT) is a compulsory course offered to second-year students (about
120 students) of the Aerospace Engineering Bachelor Degree at UPV. It takes place during
the first semester of the second year (fall semester) and covers 4.5 ECTS. This is the first
course of the curriculum that specifically deals with aircraft. It is aimed at providing the
students with a general view of Aerospace Engineering and the associated technologies
implemented. Thus, it may be seen as a link among the basic disciplines (mathematics,
physics, etc., studied during the 1st year of the degree) and the applied ones, specific of this
degree. Its contents are divided in 2 parts: atmospheric flight aircraft (with 3 different units)
and space vehicles (with 2 units).

In addition to working specific competences of the degree, the students train the UPV
“Effective communication” soft skill. This skill is developed in both its written and oral
aspects. Hence, the evaluation of this course (Delgado 2006) comprises two open-answer
exams (30% of the final grade), two multiple-choice tests (30%), an academic assignment
assessed through a written report (30%) and the observation of laboratory sessions (which
includes an oral presentation, 10%).

It is important to note that, as part of the training of the soft skill object of investigation, a
session within Unit 2 of atmospheric flight aircraft part is specifically devoted to give
guidelines to produce written reports, addressing their structure, how to include and
reference figures and tables, which language register to use and how to properly cite
external information. This session is designed with a practical point of view including
recommendations and tips to communicate effectively together with issues to be avoided
when writing. Particular examples are extracted from the reports handed by students of
previous years.

2.1.1. AT assignment

The academic assignment for which a written report must be handed consists on analyzing
a real aircraft on the view of the theoretical lectures. Each student or group of students need
to pick a different aircraft. In short, they are asked to perform three different kinds of tasks:

- Research tasks to get to know the aircraft specifications (3-view drawings, weights
breakdown, cruise speed, cruise altitude, powerplant...).

- Analysis tasks: reasoning the aircraft configuration and structure, justifying the
arrangement of systems within the aircraft according to its mission.
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- Simple calculations concerning aerodynamics and performance, with basic tools that will
improve in following courses. An analysis of the results is demanded.

Thus, besides applying concepts and providing descriptive work, it is intended that the
students get familiar with some order of magnitude of the relevant parameters of real
aircraft (weights, thrust, aerodynamic parameters, ...) through self-discovery.

The written report is evaluated through a scoring rubric (Tiseira 2015, Maldini 2010).
Indicators of the rubric cover two different aspects: several dimensions merely related to its
contents are assessed as ‘Unsatisfactory’ (0 to 4 marks), ‘Fair’ (5 to 7), ‘Good’ (8 to 9) or
‘Excellent’ (10) whose marks are additive; and language and appearance dimensions
deemed to contribute to an effective communication, assessed from D to A. These grades
are numerically assigned values from 0.7 to 1 and act as multiplicative factors to the
previous ones in order to compute the final grades.

It is important to note that the assignment has suffered some modifications since the
introduction of the rubric in the 2016-17 academic year, which are summarized as follows:

- To compensate for the growing complexity of the assignment, it is carried out in groups of
3 or 4 students from the introduction of the rubric in 2016-2017.

- In order to provide feedback to the students prior to the final submission, an intermediate
submission was introduced in 2018-19. The impact of this action is analyzed in this work.

2.2. Advanced Fluid Mechanics

Advanced Fluid Dynamics (AFM) is an elective course offered to third-year students of the
Degree, although students in its fourth year may also take it (80 to 100 students enroll each
year). The course is held during the first semester of the academic year, covering 4.5 ECTS.
It is the continuation of a compulsory Fluid Mechanics (FM) course, which is taught during
the second year. Both courses are carefully coordinated regarding shared contents, in order
to promote the acquisition of the “01 - Comprehension and integration” soft skill (Dolz
2017). The contents treated in AFM are also divided in two parts: the first one can be
considered as a continuation or extension of a corresponding unit in FM, meanwhile the
second introduce to the student a useful tool to solve all fluid dynamics problems, such as
Computational Fluid Dynamics (CFD), and a new fluid dynamic problem, which is
turbulence.

The evaluation of this course (Delgado 2006) comprises one written exam (30% of the final
grade), one multiple-choice test (30%), observation of laboratory sessions (10%) and one
academic assignment (30%), which is designed as a short CFD project.
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2.2.1. AFM academic assignment

AFM course project consists in solving any wall bounded flow problem the students may
be interested in (open proposal) by means of CFD. By letting the students to come up with
ideas for the topic of their project, they are involved in the project from the first step, which
is setting the focus, refine the issue(s) and identify the stakeholder(s) (NOAA, 2009).

Together with the statement of the assignment, they are given guidelines to carry the project
out successfully, and few examples organized by complexity. The evaluation rubric
(Maldini, 2010) used to grade the report is also provided to the student in advance (Tiseria,
2015). It contains 5 criteria, 2 of them associated to the soft skill of study (formatting,
writing), and the other 3 to technical or specific competences (difficulty of the study,
procedure and results) to be evaluated in 4 different levels of performance, from A (highest)
to D (lowest). This grading is later transformed to a numeric mark. Teachers also remind
the students that they already have guidelines about how to write reports, and provide them
again all the related material of AT.

3. Effects on the technical contents of the reports

A summary of the grades is presented in Tables 1 and 2 for the last four years and both
courses. Results for the Advanced Fluid Mechanics course in the academic year 2015-2016
are not considered in this analysis because that generation of students did not carry out the
written assignment the previous year in Aerospace Technology. The use of scoring rubrics
allows differentiating the dimensions to be evaluated: Table 1 includes the results of the
writing skills dimensions of the rubrics, whilst Table 2 considers the technical content of
the reports. Results for the two first years of analysis of Aerospace Technology are not
shown in Table 1 because the report was written and handed individually, not in groups,
and that would not be comparable to the AFM assignment. The multiplicative factor of AT
is converted to a scale of 0-10, so results need to be carefully analyzed or they would be
misleading. As far as the evaluation of the technical contents is concerned, the marks the
students obtain in the Advanced Fluid Mechanics course are lower than the ones in
Aerospace Technology in all cases. This could be associated to the difficulty of the course
and the assignment itself, but also to a higher degree of freedom in the selection of the topic
in that course. Even though they are warned by the professors in the beginning, some
groups select a more difficult topic with the idea of obtaining a higher grade.
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Table 1. Evaluation results of writing skills (max. 10).

2015-2016 AT = = = =
2015-2016 AFM - - - -
2016-2017 AT = = = =

2016-2017 AFM 6.60 10 4.38 1.36

2017-2018 AT 6.47 10 0 0.23
2017-2018 AFM 531 8 3 1.27
2018-2019 AT 6.50 10 0 0.27

2018-2019 AFM 7.33 10 3.75 1.66

From the collected data on the writing and formatting dimensions (Table 1), results vary
from one year to another. Only the introduction of the intermediate delivery improves the
average result obtained by the students. Even so, the minimum score does not significantly
change, probably because this review system is not motivating all the individuals. This
would also explain why the standard deviation is higher in the last evaluated academic year.

As it has been said, data on the writing skills are not provided for the Aerospace
Technology course during 2015-2016 and 2016-2017. Nevertheless, it is the perception of
the authors that the performance of the students in this regard is substantially improving.
During the first years reported (2015-2016 and 2016-2017), some students did not include a
bibliography section and did not cite external information, despite the warning that this
constitutes plagiarism. After this resulting in failed assignments when applying the scoring
rubric and after introducing the specific lecture about writing skills, properly referencing
has now become a standard among students. Similarly, the formal and impersonal language
of written reports is also progressively being adopted by them. Thus, the presented method
of assessment forces the students to make an effort on communicating information
effectively, hopefully adopting these practices for the rest of their academic studies as the
increasing grades in this dimension for the AFM course could suggest.
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Table 2. Technical contents evaluation results (max. 10).

2015-2016 AT 8.55 10.00 3.50 1.55
2015-2016 AFM - - - -

2016-2017 AT 8.15 10.00 2.20 2.12
2016-2017 AFM 6.16 958 292 1.73
2017-2018 AT 8.89 10.00 6.30 1.03
2017-2018 AFM 6.72 10.00 3.75 1.37
2018-2019 AT 9.33 10.00 7.20 0.77

2018-2019 AFM 7.55 10.00 4.17 1.46

Trends observed in the evaluation of the writing itself (Table 1) are not reproduced in the
technical part (Table 2). The average grade is similar in the different academic years, and
there is always at least one group of students that outstands in this aspect of the reports, but
some improvements in the minimum value are observed, as well as a reduction in the
standard deviation of the results (less significant in the Advanced Fluid Mechanics course).
In the case of Aerospace Technology, there is a reduction in the minimum value and an
increase in the standard deviation of the marks showing up during 2016-2017, when the
rubric was introduced. After that year, important rises in the minimum grade and reductions
in the standard deviation have been observed. Further improvements have been observed
during 2018-2019, after introducing intermediate deliveries. This action has also a
significant effect in the course of Advanced Fluid Mechanics, the average grade of the
technical part of the report increases 0.80 points from one year to the next, increasing 0.40
the minimum value. However, a stronger impact is observed in the dimensions related to
the written skills, with an increase of about 2.00 points.

4. Perception of the students

During 2018-2019 academic year, the students of Aerospace Technology took part on a
survey about their experience and their results. Two of the questions were about the partial
submission and about their performance. The overall opinion was positive towards
performing partial submissions, and the students reported that they acquired new skills but
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they worked more than they should have. In addition, the subjective feeling of the authors
of this work is that students feel somewhat saturated by the amount of work done.
Complaints about overwork are not, however, due to the extra care that they have to
communicate properly, but due to the level of demand of the technical content.

5. Conclusions

In this work, the experience of developing and assessing the effective written
communication in the frame of two Aerospace Engineering courses is reported. Through
progressive improvements made on the courses along the years, such as the introduction of
a specific session devoted to this skill, the use of scoring rubrics or the splitting of the
submission in different deliveries, an enhancement has been obtained in the readability of
the reports delivered by the students. Forcing students to develop these skills during a 2nd
year course seems to be translated into an improvement of the reports the same students
produce in successive years. Even though no significant differences are noticed in the depth
of the technical content they develop, they transmit more effectively these contents. With
all, designing activities related to writing skills and a coherent evaluation procedure seems
to allow students to produce reports that meet the standards in terms of use of language,
format, citing and referencing.
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Abstract

The European Higher Education Area (EHEA) defines the competences for
professional practice of a Telecommunications Engineer. The School of
Telecommunication Engineering of the Universitat Politecnica de Valéncia
(Valencia, Spain) provides an integrated education program consisting of a
Graduate (GITST) + Master (MUIT). The GITST course offers four
specialization tracks: Electronics, Telematics, Communication Systems and
Multimedia for the proper acquisition of knowledge and competences of the
future Telecommunications Engineers. In 2018, the graduate program has
implemented a structural change in the organization of subjects for
reinforcing important skills, in which a course on digital electronics design
and verification (Integration of Digital Systems, ISDIGI) has been
transformed into a core subject of the study plan. In this paper, we describe
the methodology and adaptation of ISDIGI (i.e. a project-based learning
intermediate HDL course that includes design and verification abilities) to
the new GITST Curriculum. In addition, this paper describes the process of
moving from specialized to core subject.

Keywords: Telecommunications, Digital Electronics, EHEA, study plan
1. Introduction

Moore's Law states that approximately every two years the number of transistors in a
microprocessor is doubled. This means that today’s a regular computer has a similar
computational capacity as the NASA had when Neil Armstrong step on the moon, and that
by 2025 a personal computer will have the computational capacity of a human brain. The
advent of digital signal processing (DSP) systems, 32-bit microprocessors with internal
DSP capabilities, Application Specific Integrated Circuits (ASICs) and Field Programmable
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Gate Arrays (FPGAs) progressively replaced analog technologies by improving the
maximum frequency range, stability and digital computing power with increasingly lower
costs due to mass production manufacturing technologies. A FPGA is a programmable
device that contains logic blocks whose interconnection and functionality can be
electronically reconfigured. The FPGA design flow is based on specialized description
languages, enabling hardware reuse for developing, testing and deploying digital systems.
FPGA-based systems can be found in a wide range of applications, from aero-spatial
systems to medical signal acquisition systems, including consumer electronics, power
electronics and hardware acceleration. Hardware and software development environments
have progressively included Hardware Description Verification Language (HDVL) as an
integrated feature. HDVLs are languages that allow us to describe digital circuits together
with their verification testbenches.

In 2009, the Spanish Ministry of Science and Innovation established the requirements of the
official higher education that qualify for the profession of Telecommunications Engineering
(Educacion & Deporte, 2014). The current legislation defines the profession of
Telecommunications Engineer as a regulated profession whose exercise requires the
corresponding official degree, that complies with the new Bologna Plan promoted by the
European Higher Education Area (EHEA). This ministerial disposition established the
requirements that qualify for the exercise of the Telecommunications Engineer profession
and specifically included: “Knowledge and application of the fundamentals of hardware
device description languages” in the common study branch of the degree. In 2018, the
graduate program for Telecommunications Systems Engineering of the Universitat
Politecnica de Valencia has implemented a structural change in the organization of subjects
for meeting the ministerial disposition, in which the subject of Integration of Digital
Systems (ISDIGI) has been transformed from specialized branch into a core subject of the
study plan.

This update has posed an interesting challenge for both the faculties and students, as it
required to change the teaching methodology and syllabus structure to cover a course
demand of more than 120 students, when formerly it was prepared for up to 30 students in
the Electronics specialized branch. In this paper we describe the rationale and methods for
transforming a branch subject into a common subject, the new proposed course structure
and the evaluation results after the first year of set up.
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2. Theoretical framework

Bowden and Marton defined the characteristics that a quality learning environment should
provide (Bowden & Marton, 2003). These characteristics included varied set of teaching
methods comprising concepts, theories, abilities and competencies which should be
embedded into an interactive process between teachers and students, and among students
themselves. Another important point was the introduction of realistic activities, in such a
way that students can recognise them as socially valued and thus motivate and stimulate
their interest towards the course. More recently, the Tuning Educational Structures defined
the learning outcomes as “statements of what a student is expected to know, understand and
/ or be able to demonstrate after completing a learning process”. Learning outcomes are a
fundamental pillar of the Bologna process and it requires to adapt the objective learning
strategy to a more practical educational scenario (Bologna Working Group, 2005). Learning
outcomes stand as a very useful tool for the planning and organization of higher education
courses. On the one hand, they support teachers on the preparation of their lectures to the
achievement of specific objectives defined as knowledge, abilities and competences
(ANECA, 2012). Furthermore, they allow the student to meet beforehand the requirements
needed to achieve during the course of the subject and, specifically, at the evaluation points.

2.1. Multimedia based support

New technologies in the classroom and those elsewhere located, known as virtual
classrooms, have changed the way in which higher education is structured, paving the way
to evolve from a teacher-directed method to a student-directed one (Abrami, 2005). We aim
at including screen-casts and video and audio objects embedded into the educational
program so they can be used by students anywhere and at any time they need to reinforce
theoretical concepts, put in practice technical concepts and practice the skills of the subject.

2.2. Course assessment and evaluation

The increase of students enrolled in the subject (which accounts for a +300%) after the
conversion from specialized to core course made necessary to adapt the number of teachers,
adding three more lecturers to a course that was initially lectured by three professors. This
change posed interesting challenges in the way each lecturer was implementing the course
for his respective group of students, but also a risk in the way the tasks and the learning
outcomes should be assessed in an objective and fair base. To this end, rubrics have been
previously proposed to evaluate very different kinds of technical projects and skills
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(Mergendoller, Markham, Ravitz, & Larmer, 2006). Analytical rubrics are useful to split a
learning product into several sub-components and evaluate them independently with
objective and clearly defined metrics and scores. In this subject, we aimed at defining a
standard rubric for the major evaluation assignments students had to develop. The
evaluation of this task was carried out by means of iRubric, from RCampus (Rcampus,
2019).

3. Case description

3.1. Structure of the subject and methodology

The subject is dedicated to the advanced verification and design of digital systems through
the extensive use of System Verilog as verification and hardware description language. The
presented program (topics, methodology and evaluation) are intended to provide an
outcome-based subject for ensuring the following learning outcomes: 1) To analyse and
design complex digital circuits architectures (i.e.: digital signal processing modules,
microprocessor, etc.). 2) To use hardware description languages for the modelling and
synthesis of combinational and sequential circuits. 3) To develop simple applications in
assembly language 4) To implement advanced System Verilog-based automated
verification methodologies and 5) To design testbenches that allow the functional validation
of a module through hardware description languages. Table 1 depicts the course structure in
chapters and the distribution of classroom lectures and the laboratory sessions.

Table 1. Course structure and distribution

Classroom Laboratory
Chapter sessions sessions
(hours) (hours)
System Verilog and Verification 10 8
Architectural design and partitions 8 4
High-level synthesis and temporal considerations 8 6
Data processing architectures 10 6

Font: Authors

As presented before, the main objective of the proposed methodology was the acquisition
of competences by encouraging a growing autonomy of the students throughout the course.
Accordingly, 75% of the percentage in the evaluation was dedicated to practical activities
developed in teams from 3 to 6 students, while the theoretical part accounted for 25% and

@G)@@ Editorial Universitat Politécnica de Valéncia
BY NC ND

232



Antonio Martinez-Millana, Alejandro Liberos, Jose Maria Monzo,
Marcos Martinez, Jorge Daniel Martinez and Rafael Gadea

was evaluated with two multiple-choice tests that had to be done individually. The contents
of the course were introduced by means of an expository methodology in classrooms
sessions, in addition, teachers motivated the participation of students through open
questions or linking with the practical part of the subject. For the practical part, laboratory
sessions were dedicated for team work. The teacher acted as a guide or mentor throughout
the learning process. Tasks were also completed at home and individual or team tutorials
and multimedia based support were also available. Even though the laboratory team was the
same through the entire course, the roles of the members had to be swapped on each
practical assignment. For instance, in the first project, half of the team should be devoted to
design tasks, whereas the other half should be on verification task. In the subsequent
projects, the team members who had done the design should move to the verification and so
on.

3.2. Practical assignments

Laboratory sessions were aimed at developing two tasks (sections 3.2.1 and 3.2.2) and a
project (section 3.2.3). Students were gathered into groups from 3-6 members, in which a
half of them should focus on hardware design and the other half on the verification. Tasks
had an atomic structure with clear and well defined objectives. The project consisted of a
pipelined set of tasks (some of which could be developed sequentially or in parallel) with a
clear definition of the control points (deliverables and progress reports), mandatory
objectives and voluntary developments.
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3.2.1. Design and Verification of a FIFO stack

Previous digital electronics courses are more focused on developing students design
capabilities rather than verification. In this first task, students had to focus on verification
and to get used to describe full test-benches with Verilog and learn new advanced
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verification methodologies in System Verilog. During this task the student should gradually
change their verification methodology from a Verilog based classical one to a System
Verilog based self-checking methodology. In addition to functional simulations, developed
as in the previous courses, students were provided with a much more powerful and complex
testbench based on System Verilog, with the intention, that they understand a modern
testbench architecture. During this task, students should add incrementally new verification
functionalities sucha as the RCSG ("random constrained stimuli generation™), assertions,
behavioural models or the functional coverage. In this way, students progressively learn the
most typical System Verilog verification structures, as well as the types of necessary data
for these tasks (Fig. 1).
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3.2.2.  Add and shift multiplier

In the second course task, students had to design and verify a parameterized two's
complement binary multiplier. The proposed multiplier architecture is based on sums and
shifts. The proposed design should be fully described in System Verilog with two
hierarchical levels already introduced in the theoretical lessons dedicated to the “control-
path” and “data-path” of a digital system and its architectural design (Fig. 2). A System
Verilog automated tesbench should be developed to verify the described hardware. Finally,
students had to implement their desings on the FPGA-based evaluation boards available in
the laboratory.. However, at this stage, students started to miss classroom sessions and
attended the practical sessions without the sufficient knowledge to extract the task
requirements and draft the FSM (Fig. 2).
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3.2.3.  RISC-V micro-processor

The final task is focused on the design, functional verification and experimental validation
of a simple microcontroller based on an instruction subset of the RISC-V architecture. The
microcontroller had to be described in System Verilog so that it is synthesizable and can be
implemented in the FPGAs in the laboratory. The experimental validation should be carried
out in the laboratory through a simple application proposed by each team of students that
makes use of the hardware resources available in the test module (Fig. 3). The project
therefore covers the aspects of functional verification, microprocessor architecture,
hardware segmentation, hardware description using System Verilog, implementation of a
complex digital system integrated in a programmable device and assembly language
programming of the RISC-V. The microcontroller was developed in four different phases.
Phase 1 was focused on the design and validation of the functional units of the processor:
instructions and data memories, register bank and arithmetic-logic unit (ALU). In addition,
the programming model of the RISC-V architecture was introduced and put into practice by
students through a series of simple assembler programs. Phase 2 consisted on the
implementation of a single-cycle model of the processor. The priority was to deliver a fully
functional model, which had to be validated exhaustively. Phase 2 model was then defined
as the golden-model, which then allowed carrying out the verification of the segmented
implementation.

Phase 3 was aimed at the hardware segmentation of the processor developed in the previous
phase, as well as to the extent possible to carry out the introduction of mechanisms for the
detection and control of risks that allow the execution of the instructions implemented
without the need to introduce delay gaps or make segmentation stops. Finally, in Phase 4
students had to implement and validate the designed microprocessor in the Cyclone IV
FPGA based board available in the laboratory. The objective was then to test simple
programs that runs on the microcontroller and, using the elements available in the DE-2
module, carry out a simple application (e.g. control of LEDs, timing, use of the 7-segment
displays, etc. ). The program had to allow interaction with the user (i.e. students had to use
both the output pins and the input pins of the GPIO module). The final task was presented
at the end of the course to a panel formed by the teachers of the subject, this final
evaluation was useful to identify those students that contributed differently to the task.
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Fig.3 Materials for task 3.
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3.2.4. Evaluation and scores

Practical assignments were evaluated using an electronic rubric edited in iRubrics. We
implemented three different analytic rubrics which defined three performance levels
(indicators), each of them representing a factor for each of the assessed categories: Not
implemented (0.0), Implemented (0.7) and Excellent Implementation (1.0). The assessment
categories depended on the type of assignment, but the common structure contained
Hardware Design (use of parametrization, comments in the code, proper use of System
Verilog rules, coding style), Verification (implementation of a testbench, randomization,
stimulus generator, cover-groups, timers and interfaces). The mark was in general shared
for the whole team presenting the activity. Exceptionally, the grade was differentiated for
those students who contributed differently to the task (abandoning team etc).

4. Discussion

In this paper we have described the process of converting a specialization course into a
common branch course for the curricula of Telecommunication Engineer Degree under the
EHEA. The approach presented hereby was successful in the way it enabled a collaboration
with new lecturers in the team of professors and provided objective metrics and
measurement methods to evaluate the attainment of learning outcomes. The evaluation with
rubrics was different categories and objective indicators, a fact that allowed us to have an
homogeneous criteria among the six teachers and helped students to know beforehand what
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were the evaluating points and the scoring criteria (Martinez, Herrero, & De Pablo, 2011).
The proposed approach for laboratory sessions was also satisfactory in the way team
members switched on their roles, and tasks (form hardware design to software verification).
Nevertheless, we should point out that in two of the assignments, students were provided
with basic units of software so hardware designers and verifications could work in parallel.
Multimedia based support were mainly viedos that helped students in the development of
tasks and project. They made compatible the different work rhythms of the teams and
avoided team work interruptions. A major limitation was the low attendance rates to the
classroom sessions, as it affected the normal development of laboratory. A significant part
of the students did not had the knowledge that should be put into practice in the tasks with
the consequent delay in the implementation. A secondary limitation was the imbalance in
the achievement of the competences detected in some students in comparison with other
members in their teams. To face these limitations, forthcomming courses will integrate
attendance controls and more multimedia and flipped teaching resources (mini-videos,
materials and tests) to mitigate the negative impact of students un-attendance. Self-
evaluation, continuous and peer assessment tools will be evaluated in the upcoming courses
to avoid imbalances in the teams.

In summary, the case presented describes the year of growth of a subject in which the
practical part predominates. Despite the significant increase in the number of both teachers
and students, the course has been completed satisfactorily, limitations were detected and
improvements are proposed for the upcoming courses.
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Abstract

This article presents an updating of the structure, methodology and
evaluation results after 4 years of teaching (courses 2015-2016, 2016-2017,
2017-18 and 2018-19) of a subject entitled Applied energy technology -
Project course belonging to MUTEDS (Master's Degree in Energy
Technology for Sustainable Development) at the Universitat Politécnica de
Valéncia).

The presented subject is mainly focused on the improvement of professional
skills as multidisciplinary teamwork and leadership, lifelong learning,
competitiveness, planning and managing of time and effective communication
in English. To work these skills, students have to do the exercise of creating a
company (including name and logo) where there are 4 -6 students randomly
selected and with different roles; this company evaluates the techno-
economic and environmental feasibility of an energy project (related with
energy efficiency and renewable energy sources in and specific location)
during 8 technical sessions (in which roles change in each session), and
present the project proposal in a public competitive event where the students
vote for the best work according to their point of view. In parallel,
transversal competences associated to the above mentioned professional
skills and the academic quality of the reports are evaluated by the professors.

Keywords: professional skills, cooperative work, group dynamics
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1. Introduction

The implementation of the new educational framework of the Bologna Process has required
a redesign and adaptation of the curriculum of bachelor and master degrees, based on skills
or competences development (Garcia Manjon, 2008). Within this context, it emerges a new
concept of teaching and learning, which is centered on the student and whose objective is
that students learn to learn. For that purpose, and according to (Pérez Gémez, 2007), it will
be necessary to create situations of uncertainty and dynamic processes where the students
put into practice their knowledge and skills. Therefore, a correct development of
competences will involve the simulation of real situations that the students will find not
only throughout their professional lives but also in their daily lives. In these situations they
will apply their knowledge (learning further concepts/tools if necessary) to solve problems
that may arise. It should also encourage cooperative work among students, which includes
activities such as dialogue, debate, multidisciplinary and multilingual teamwork enriched
by the contributions of others, respect for differences, listening, teamwork, etc. This in turn
affects the teaching methodology, planning and evaluation (Yaniz, 2008).

In this context, the Universitat Politecnica de Valencia (UPV), launched the UPV
Transversal Competences Institutional Project (which began as a pilot experience during
the 2014/2015 academic year, being the beginning of year 2015/2016 its definitive
implementation). It should be noted that its fundamental objective was to establish a
strategy of systematic evaluation of transversal competences, defining in which subjects
they are acquired and how they should be evaluated, as well as accrediting the acquisition
of such competences.

The potential of varius active methodologies to enhance the development of transversal
competences was analysed in (Robledo, 2015) from the students perspective, resulting the
problem-based learning the most useful one, as it combines the acquisition of knowledge
with the development of skills, attitudes and useful skills for the professional market; in
addition, it is based on promoting the autonomous work of the students, who, organized in
groups and tutored by a professor, should try to propose an effective solution to a problem
which is characteristic of their professional profile.

This article presents the structure, methodology and evaluation results after 4 years of
teaching (2015-2019) of a subject titled Applied energy technology - Project course
(AETP) belonging to Master in Energy Technology for Sustainable Development
(MUTEDS) at the Universitat Politécnica de Valéncia. The didactic techniques considered
by professors to encourage participation and motivation of the student in class, the activities
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developed to promote the cooperative learning in a dynamic environment, as well as the
transversal competences assessment and the impact on the results will be presented.

2. Description of the subject

2.1. Background

The subject under study in this article is framed in the first year of the master MUTEDS of
the School of Industrial Engineers (ETSII) at the (UPV). The aim of the master (described
in (Master in Energy, 2019)) is to provide its graduates with the necessary knowledge to
address professional activity or research work in the energy sector, according to the needs
of sustainable development, so improving efficiency and CO,/energy savings, and limiting
the environmental impact of the processes of generation, transmission and use of energy.
The subjects of the master are organized in 3 modules: Module 1(mandatory subjects),
Module 2 (optional subjects) and Module 3 (Master’s Thesis).

The subject AETP is mandatory, so it is included in Module 1. All the subjects of Module 1
are taught in English to comply with student exchange agreements with foreign universities,
such as the agreement signed with the KTH Royal Institute of Technology in Sweden, to
obtain a double degree.

The objective of AETP is the realization of a practical teamwork exercise focused on the
design of an energy system for a particular application. The exercise will consist of a
project design focused on renewable energies and energy efficiency, and includes the
creation of a team, the dynamics of teamwork with different roles, the different phases in
the development of a project design, search and compilation of information, discussion and
synthesis of possible solutions, and finally an open door “commercial” presentation to sell
the project.

2.2. Teaching methodology

In the process of teaching and learning, there are a total of three main actors involved: the
student or individual who will learn, the professor, and the subject contents.

As described in (Johnson, 2013), there are different models of teaching and learning that
depend on the approach in which each of these actors fulfill its role.

The model of teaching and learning or teaching methodology used in the subject under
study in the present work is a student-centered model. In this model the main actor is the
student. The professor is a figure that provides the necessary tools for students to build their
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knowledge, helps on providing sources of information, answers general questions, refers to
learning tools, etc., always trying to encourage students motivation. Therefore, within this
model of learning, students search, organize, study and finally learn.

2.3. Contents: Learning units

The didactic units in which the subject is structured correspond to the phases of
development of a project related to energy systems. Unit names and description are
included in Fig.1.

1. INTRODUCTION: General review of sustainable approach and overview of enegy
SUSTAINABLE ENERGY technologies (commercial availability, cost-efficiency ratio,...)

I o2 [pp Vi ele) e ag 0 i\ Project objectives, data search and gathering, brainstorming,
DESIGN discussionand synthesis of possible solutions (general feasibility).

3. PRE-DESIGN Selection of one or more alternativesand initial design proposal.

| A.FINAL DESIGN Equipmentselection, final design, performance estimation
and techno-economic and environmental feasibility analysis.
I 5. PROJECT Communication of main project
PRESENTATION characteristics and feasibility

Fig. 1 AETP Didactic units and description

2.4. Organization of the subject: group dynamics and planning

The first day of class students are grouped into groups of 5-6 people randomly selected and
assigned to a project type. There will be two types of projects: Project A (PA) consisting of
the basic design of a single-family house with almost zero energy consumption; and Project
B (PB), which consists of designing an off-grid polygeneration system (electricity, heat and
cold) for a single application based on renewable energy, mainly solar, wind, biomass or
any other feasible energy resource available in the location of the project.

Due to the fact that the subject belongs to Module 1 (mandatory subjects), the teaching
language used is English, which is also higlhly convenient due to the high number of
foreing students (25-30% of students), that are either students coming from international
exchange agreements of the master or ERASMUS students. This fact allows forming not
only multidisciplinary but also multilingual and even multicultural teams.
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The random assignment of students in each group is performed in such a way that it is
guaranteed that at least there is one foreign student inside each group. Analogously, gender
differences are also covered so that there is at least one female per group.

For each type of project, there will be one responsible professor who guides students along
the different stages of the process. Figure 1 graphically shows how the subject is organized.

Depending on the number of students enrolled, there should be a total of 8 groups (4 per
project type).

Students choose a company name for their group as well as a logo that will represent both
themselves and the philosophy of the project. Within each group, there will be several roles
identified:

- LEADER: manages the group, takes final decisions in the different phases of the
project, and is the spokesperson with the professor.

- SECRETARY: makes the summary of each session reflected in the portfolio that
will be sent to the professor at the end of each week of class.

- STAFF: 3-4 people following the orders and providing support to the leader.

Regarding the planning, it is organized in sessions of about 2-3 hours. The first two
sessions are mainly focused on introducing the subject, roles explanation, teams creation
and project type assignment. After these initial sessions there should be, at least, 8
teamworking sessions: 6 sessions in which the roles are randomly assigned at the beginning
of the semester for each team member (each student has a number inside the team and the
role to be performed in each session is assigned according to a calendar for each student
number), and 2 last sessions, in which the team has to decide who will be the leader and
secretary in each session. All students have to perform each role at least once. The structure
of the teamworking sessions is presented in the following:

e Introduction to the session (10 to about 20 minutes): first, the professor performs
a summary of the previous session; then presents the current session objectives,
recommended list of tasks to achieve them and recommended
tools/methodologies.

e Teamwork by students in each group (it is recommended a session duration of
about 180 minutes but 120 minutes is also feasible, so that the effective time
dedicated to students teamwork would be at least 140 and 80 minutes
respectivelly).

e Communication of results to the professor by the leader and resolution of main
doubts (limited to 5 minutes per group) at the end of the session. It is important to
limit this time to make the leader summarize and organize the session performance
and priorize doubts.
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The last two sessions of the course are focused on the project oral presentation. Each team
has to do two project presentations: on close-door presentation with the professor (for
academic work evaluation purposes) and one open-door presentation (for competences
evaluation purposes) to the whole class. In the last session, students will vote for the best
project according to this open-door presentation (where time is also limited to 20-30
minutes, and in which all the students have to participate during 4-5 minutes).

2.5. Evaluation

The evaluation process has been developed taking into account the new educational
framework of the Bologna Process. Therefore, the competences development by students is
assessed. According to relevant bibliography (Pérez Gémez, 2007) the approach of teaching
and learning based on competences development will be focused on students to construct
their own mental models. It is important to emphasize that the development of competences
requires to provide safe and comfortable environment in which students feel free and
confident to try new concepts or technologies, make mistakes, feeding back, correct and so
improve their competences and knowledge. Transversal competences evaluated in the
subject are included in Table 1.

Table 1. Transversal competences evaluated in AETP

Transversal competences | Description of key aspects in the subject

TCO01: Comprenhension Understanding of the objective, data and results integration, consistency of
and integration the methodology used and results.

TCO05: Design and Selection and use of available tools and design methodologies

project

TCO06: Teamwork and Teamwork during the different class sessions: encouraging debate, synthesis
leadership of solutions, innovation, etc. Leading/coordination of the group (for
TC11: Continuous Continuous search for information, new methodologies, new design tools,
learning etc.

TC12:Planning and Distributing and planning the tasks to be performed by the team.

time management Management capacity (for the role of secretary only).

As mentioned in (Cano-Garcia, 2008), to conduct the competences acquisition assessment
is necessary to sample executions of students and use observation as a strategy of
systematic information collection. This process of collecting the information can be carried
out by professors, by peers or by the students themselves (or all of them, in a 360°
assessment model). In order to be able to assess the transversal competences through active
observation and systematic collection of information, there will be a continuous evaluation
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of the teaching-learning throughout the course (specially during the teamworking sessions).
Key evaluation elements used during the teamworking sessions are:

PORTFOLIO: consists of a paper document (also available in digital format) with
main comments, decisions, notes,etc that stand for the work carried out in each
teamworking session.

ACTIVE OBSERVATION: professor has to observe the different teams during
the 8 working sessions and make one/two interactions (5 minutes approximately)
per team during each session (asking how they are addressing the objectives of the
session, how is the work distribution and coordination inside the team,...)
LEADER ORAL SUMMARY: at the end of each technical session, the leader
communicates the professor a summary including the achieved goals and main
difficulties/doubts found during the working session. The teacher may also ask for
further clarifications of any aspect observed during the session or regarding the
leader’s summary.

The final qualification of the subject is obtained by means of the assessment methods and
weights shown in Table 2. Each assessment method is evaluated numerically from 0 to 10
(in order to pass, student must have a mark equal or greater than 5).

Table 2. Subject assessment methods

ASSESSMENT Description Weight
METHOD
Evaluation of oral communication quality, audiovisual support tools, 40%
ORAL EXAM body language, timing, speakers coordination... 0
KEY EVALUATION ELEMENT: ORAL PRESENTATION
ACADEMIC Evaluation of quality/correctness of contents, coherence, scope, 40%
WORK structure and format,. .. 0
KEY EVALUATION ELEMENT: FINAL REPORT
Evaluation of the team analysis and resolution of problems
TEAMWORKING capability, critical thinking, motivation, innovation, completion of 20%

SESSIONS work. .

KEY EVALUATION ELEMENTS: PORTFOLIO + ACTIVE
OBSERVATION + LEADER ORAL SUMMARY

Regarding the evaluation process, there is rubric to evaluate students work in each of the
assessment methods described in Table 2, which is provided to students since the very first
day of the subject. The advantage of showing and using appropriate rubric headings is that
it allows continuous self evaluation (for the students) which considerably improves the
effective learning, as established in (Biggs, 2000).
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It must be noticed that transversal competences evaluation doesn’t follow this weight
distributions shown in Table 2. As their evaluation mostly takes place during the
teamworking sessions (specially for TC06 and TC12, where it is the main element).
Regarding the transversal competences assessment, UPV stablished a common scale (A, B,
C, D) to indicate the level of development of each transversal competence. In this scale A
means excellent (when mark is > 9, out of 10), B appropriate (from 7 to 9), C developing
(from 5 to 7) and D (when mark is <5).

3. Results

Results about students assessment and tranversal competences evaluation is included in Fig.
2. It can be observed that results are very positive, looking at the different assessment
methods in the last two courses, 2017-18 (Fig. 2.a) and 2018-19 (Fig. 2.b), qualifications
are in the range 6 to 10, and final mark was in the range 7 to 10. Taking a look at the
evolution of the final mark during three consecutive years, as shown in Fig.2.c, it can be
concluded that values are very close, being a slight increase in the average final mark from
a value of 8.65 (course 2016-17) to 9.0 (course 2018-19).
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Regarding the tranversal competences evaluation, it was observed in the data that 95% of
students obtained a qualification of A or B for any of the transversal competences analysed.
Therefore Fig. 2.d takes only into consideration those students with A and B qualification,
and presents the minimum and maximum percentages for the three courses analysed and for
each tranversal competence. So it can be concluded that the competences evaluation
methodology was adequate or excellent in most cases (about 30-70% of students obtained a
qualification of A, depending on the transversal competence). Transversal competences
evaluation didn’t show any specific trend for last three courses. It was also noticed that
students with better transversal competences evaluations usually obtained better final marks
in the subject. Regarding the evaluation of the subject carried out by the students, very
positive results were obtained, observing a progressive teaching quality improvement with
an initial value of 7.8 out of 10 (in course 2016-2017) to 8.6 in 2018-19. This was also
confirmed by internal coordination meetings with students were it was also concluded that
the key elements to motivate the students were the open-door presentations, the competition
between teams and the “company” approach.

4. Conclusions

This paper presents the description, planning, teaching methodology and experience after 4
years of teaching (courses 2015-2016 to 2018-2019) of a subject titled “Applied energy
technology - Project course” (AETP) belonging to the Master in Energy Technology for
Sustainable Development (MUTEDS) at the Polytechnic University of Valencia (UPV).

Very good and consistent results in students assessment, tranversal competences evaluation
and students feedback were obtained. During the last three courses, a progressive
improvement in these results was observed.

The fact that students had to work in a simulacrum of real situations such as being members
of a multidisciplinary group inside a company that has to carry out a project, and make an
oral presentation in competition with other companies, was a key motivation element for
the students and it was reflected in the final marks. This, together with the teamworking
sessions, resulted in a very useful tool to evaluate tranversal competences.

References

Garcia Manjon, J., Pérez Lopez, M.d.C., (2008). Espacio Europeo de Educacion Superior:
competencias profesionales y empleabilidad. Revista Iberoamericana de Educacion, Vol. 46, N°.
9, 2008. 46.

@G)@@ Editorial Universitat Politécnica de Valéncia
BY NC ND

247



Improvement of transversal professional skills through cooperative work and group dynamics in the
UPV Master's Degree in Energy Technologies for Sustainable Development (MUTEDS)

Pérez Gomez, A.l. (2007) Las Competencias Basicas: su naturaleza e implicaciones pedagdgicas,
Cuaderno de Educacion n°1.

Yéniz, C. (2008). Las competencias en el curriculo universitario: implicaciones para disefiar el
aprendizaje y para la formacién del profesorado. Red U. Revista de Docencia Universitaria,
nimero monogréafico 1°.

Robledo, P., Fidalgo, R., Arias, O., Alvarez, M.L., (2015). Percepcion de los estudiantes sobre el
desarrollo de competencias a través de diferentes metodologias activas. Revista de Investigacion
Educativa, 33(2), 369-383.

Master in Energy Technology for Sustainable Development. (2019, February, 19) Retrieved from
https://www.upv.es/titulacionessMUTEDS/.

Johnson, Eli (2013). The Student Centered Classroom: vol 1: Social Studies and History. Ed. Taylor
& Francis Group.

Cano-Garcia, M. E. (2008) La evaluacion por competencias en la educacion superior. Profesorado.
Revista de curriculum y formacion del profesorado, 2008, 12 (3).

Biggs, J. (2000) Teaching for Quality Learning at University. SRHE and Open University Press
Reprint, 2000, 86-158.

@(D@@ Editorial Universitat Politécnica de Valéncia
BY NC ND

248


https://www.upv.es/titulaciones/MUTEDS/

INNODOCT 2019
Valencia, 67-8" November 2019
DOI: http://dx.doi.org/10.4995/INN2019.2019.10137

The case method: study of a corrosion problem

Maria José Mufioz-Portero®, Rita Sanchez-Tovar®, Ramén Manuel Fernandez-
Domene®
Departamento de Ingenieria Quimica y Nuclear, Escuela Técnica Superior de Ingenieros Industriales,

%Universitat ~ Politécnica  de  Valéncia,  Valencia,  Spain, mjmunoz@iqgn.upv.es),
b(Universitat Politécnica de Valéncia, Valencia, Spain, risanto@etsii.upv.es),
“(Universitat Politécnica de Valéncia, Valencia, Spain, raferdol@etsii.upv.es).

*Equipo de Innovacion y Calidad Educativa sobre Trabajo y Evaluacién de Asignaturas mediante
Técnicas de Evaluacion Continua Formativa (EICE-TECOF).

Abstract

The aim of the present work is the application of the case method as
teaching-learning methodology for the study of a corrosion problem, in order
to obtain more active learning of the student. The educational innovation has
been applied in 2018/2019 academic year in the subject of “Manufacturing
Processes of Building Materials” imparted in the fourth course of the
Chemical Engineering Degree in the Higher Technical School of Industrial
Engineering in the Polytechnic University of Valencia. Such educational
innovation consists in the description by the lecturer of a real situation about
a corrosion problem, so that the students can analyse it and propose
solutions individually and in group. At the end of the case it is added
questions to help to the students in the analysis. This activity is realized in
class, which is evaluated using a rubric. The evaluation of the educational
innovation proposed is realized by the scores of the students, the polls of the
students, and the autoevaluation of the lecturer. The results show the high
scores obtained by the students in the case method and the high grade of
satisfaction of the students after applying the educational innovation. The
case method permits that the students know real situations that they could
find in a professional future, which increase the motivation towards the
subject of study.

Keywords: case method, corrosion, real situation, rubric.
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The case method: study of a corrosion problem

1. Introduction

The case method is part of a group of teaching methodologies called "active" due to the role
of the student in the teaching-learning process (Bain, 2005).

The origin of the case method dates back to 1870 when Christopher Columbus Langdell
introduced it to the Law School of the University of Harvard, substituting textbook reading
for case reading. In that way, law students learned the laws facing real situations in which
they had to make decisions, base resolutions, and evaluate actions. In the year 1914 the case
is formalized as a method of teaching in the program of law under the term of "Case
System". Due to its success the method of the case was extended to other disciplines such
as business schools, medicine, psychology, political science, social sciences, etc., and in the
last decades it has begun to be used in technical areas (Vazquez, 1995).

The method of the case consists in the description by the teacher of a real situation from
which a problem to be solved is proposed so that the students can analyze it and propose
solutions, favoring in that way the reflection and the learning of the students (Wassermann,
1994).

The description of the case should be clear, easy to read and with adequate terminology. It
is advisable to add questions at the end to help the student in the analysis (Labrador, 2008).

The case method consists of several stages (L6pez, 1997):

e Preliminary phase: reading and case study individually for the taking of
consciousness.

e Phase of expression of opinions and judgments: reflection and search for answers
to questions in an individual way.

e Contrast phase: pooling of analyzed data and responses in small groups.
Subsequently, it is done the joint in the whole group. At the end of this stage the
teacher can make the synthesis and express his own reflections and opinions on the
problem that raises the case.

e Theoretical reflection phase: formulation of theoretical concepts derived from the
case in small groups.

The benefits derived from the application of the case method for educational purposes in
higher education are (Labrador, 2008):

e Encourages the student's active participation.
e It is based on real situations that the student will be able to find in a professional
future, which increases the motivation towards the subject of study.
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e It encourages students to work individually and then contrast their reflections with
other partners, facilitating meaningful learning.

The aim of the present work is the application of the case method as teaching-learning
methodology for the study of a corrosion problem, in order to obtain more active learning
of the student.

2. Methodology

2.1. Context

The context of the subject in which the case method is applied corresponds to the subject
of "Manufacturing Processes of Building Materials", taught in the 4th year of the Degree in
Chemical Engineering at the Higher Technical School of Industrial Engineers (ETSII) of
the Polytechnic University of Valencia (UPV). This is an optional subject of the subject
"Mentions-ETSII (Industrial Processes)” within the "ltineraries” module. The subject is
taught in semester B and it consists of 4.5 credits (2.5 credits of theory, 1.1 credits of
classroom practices, 0.6 credits of field practices, and 0.3 credits of laboratory practices).
Three general and specific competences are expected to be achieved by the students in the
subject: 1) design processes in the different industrial activities in the field of chemical
engineering (specific competence), 2) make decisions and reason critically (general
competence), and 3) design equipment, installations, and services in the chemical industry
(specific competence). The transversal competence of “understanding and integration” is
developed and evaluated in the subject, which is check point. The number of students
enrolled in the 2018-2019 academic year was 15. The fact of having a small number of
students can facilitate the development and evaluation of the case method.

The context of the case method within the subject corresponds to topic 6 of "Processing of
steel™ within the didactic unit 3 on "Manufacturing processes of metallic materials used in
construction". The objective of this topic is that the student knows the manufacturing
processes of iron and steel and their applications in construction.

2.2. Design of the activity

The teaching objective of the case method is that the student knows one of the
contemporary problems that can arise in the applications of steel in construction: the
corrosion of steel. For this, the student must be able to:
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The case method: study of a corrosion problem

e Identify the problem of steel corrosion, specifically the corrosion produced by
chlorides in marine environments, analyzing their causes and consequences.

e Propose alternative solutions to avoid corrosion, relating them to existing
solutions.

2.3. Development of the activity

The case method is carried out within the credits of classroom practices of the subject. To
do this, once the explanation of topic 6 on "Processing of steel" is finished, the case method
is proposed as an activity to be carried out in class. The duration of the activity in the
classroom will be one hour. It is divided in two parts. In the first part, the students are
organized in groups of 2-3 people. Students are given the statement of the case. Some time
is left in class for the students to read the case carefully and then each group answers the
questions proposed. At the end of the class each group gives the task to the teacher. The
duration of the first part is about half an hour. The second part of the activity is realized at
the beginning of the following class for half an hour. The teacher gives the students the
corrected tasks. The answers are shared in the whole group. At the end of this part the
teacher makes a synthesis of the activity.

2.4. Evaluation of the activity

The evaluation of the activity is carried out by the teacher based on the task delivered in a
group manner through a rubric prepared with iRubric (Table 1). Students have the rubric
of evaluation during the development of the activity to be able to know previously the
criteria with which they are going to be evaluated.

The rubric of evaluation of the case method consists of 4 indicators, which are evaluated
with a scale of 0 to 3: not reached (0), in development (1), good/adequate (2), and
excellent/exemplary (3). The evidences of the students to be able to perform the evaluation
of the activity are:

e Indicator 1: Identify the causes of the problem. Evidence: answer to question 1
of the case.

e Indicator 2: Identify the consequences of the problem. Evidence: answer to
question 2 of the case.

e Indicator 3: Reason (criticizes) the solution already proposed for the problem.
Evidence: answer to question 3 of the case.

e Indicator 4: Proposes new solutions to the problem. Evidence: answer to
question 4 of the case.
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Table 1. Rubric for the evaluation of the case method (author own elaboration).

DESCRIPTORS

INDICATORS
Not reached In development Good/adequate Excellent/exemplary
) ) @ ®
. It does not identify | Identify few causes | Identify many | Identify many causes
Identify the causes of the |y cayge. and do not explain | causes and partially | and explain them in
problem them. explain them. detail.

It does not identify | It identifies few | It identifies many | Identify many
Identify the consequences | any consequences. consequences and | consequences and | consequences and
of the problem does not explain | partially explains | explain them in detail.
them. them.
It does not reason | Reason (criticize) | Reason (criticize) | Reason (criticize) the
Reason (criticizes) the | (criticize) the | the proposed | the proposed | proposed solution and
solution already proposed | proposed solution | solution solution in an | analyze it
for the problem or it does it | incompletely. appropriate way. optimally/satisfactorily.
wrongly.
It does not propose | It proposes some | It proposes new | It proposes new
. any new solution. new solution, but it | solutions, justifies | solutions, justifies
Proposes new solutions to d develop it. | th 4 devel th devel th
the problem oes not develop it. em, and develops em, develops them,
them. and relates them to the

existing solution.

The teacher gives feedback to the students of the evaluation of the case method.

3. Results

The evaluation of the educational innovation proposed is realized by the scores of the
students, the opinion polls of the students, and the autoevaluation of the lecturer.

3.1. Scores of the students

Table 2 shows the results obtained by the students in the case method realized in class in
the subject of “Manufacturing Processes of Building Materials” in the 2018-2019 academic
year. The number of students that realizes the activity of the case method is 14. The
students are organized in 6 groups: 2 groups of 3 students and 4 groups of 2 students. The
evaluation of the activity is realized for each group. Each box in Table 2 is divided into two
parts: on the left side is shown the number of groups who obtains each of the scores and on
the right side is shown the percentage of groups.
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The case method: study of a corrosion problem

The results shown in Table 2 indicate that the students obtain good results in the evaluation
of the case method realized in class. For each of the indicators evaluated with the rubric
(except for the indicator 1), the highest percentage of groups obtains a score of 2
(good/adequate). There are no students with a score of 0 (not reached). In the case of the
indicator 1, the highest percentage of groups (67 %) obtains a score of 3
(excellent/exemplary), while 33 % of the groups obtains a score of 2 (good/adequate).

Tabla 2. Scores obtained by the students in the case method realized in class in the subject of
“Manufacturing Processes of Building Materials” in the 2018-2019 academic year (author own
elaboration).

Scores
2
- ©
3 5 g e
Indicator < S o g
2~ 2 D X~
XS 2 S e
= > 3 S
g g g z
= A 5]
>
n
Indicator 1 0 0 2 4
0% 0% 33% 67 %
Indicator 2 0 1 5 0
0% 17% 83 % 0%
Indicator 3 0 0 5 1
0% 0% 83 % 17 %
Indicator 4 0 2 4 0
0% 33% 67 % 0%

Indicator 1: Identify the causes of the problem.

Indicator 2: Identify the consequences of the problem.

Indicator 3: Reason (criticizes) the solution already proposed for the problem.
Indicator 4: Proposes new solutions to the problem.

3.2. Opinion polls of the students

Students fill out an opinion poll of the subject the last class day. The opinion poll has two
parts. In the first part, the students must fill out a table with the strong points and the weak
points about different aspects in the subject. In the second part, the student must assess a
total number of 18 items, in a scale of 0 to 10 points, including the case method: very
deficient/very low/very inadequate (VD/VL/VI) with 0 points, deficient/low/inadequate
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(D/LM) with 2.5 points, regular (R) with 5 points, good/high/adequate (G/H/A) with 7.5
points, and very good/very high/very adequate (VG/VH/VA) with 10 points.

Fig. 1 shows the results of the opinion poll of the students about the case method realized in
class in the subject of “Manufacturing Processes of Building Materials” in the 2018-2019
academic year. The total number of opinion poll processed is 15 (100 % of the registered
students). According with the results obtained, the majority of the students considering the
case method realized in class as very adequate (7 students, being the 47 % of the polled
students). The other students considering the case method as adequate (5 students, being the
33 % of the polled students) and regular (2 students, being the 13 % of the polled students).
Only 1 student (7 % of the polled students) indicates do not know/no answer (NK/NA).

(%) Case method realized in class
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Fig. 1 Results of the opinion polls of the students about the case method realized in class in the subject of
“Manufacturing Processes of Building Materials” in the 2018-2019 academic year (NK/NA: do not known/no
answer; VD/VL/VI: very deficient/very low/very inadequate; D/L/I: deficient/low/inadequate; R: regular, G/H/A:
good/high/adequate; VG/VH/VA: very good/very high/very adequate) (author own elaboration).

The item about the case method realized in class obtains a mark of 7.83 with a standard
deviation of 1.82, which indicates high grade of satisfaction of the students.

3.3. Autoevaluation of the lecturer

The experience about the use of the case method in class is very positive. The case method
is an useful tool for the student and the lecturer. From the student perspective, the case
method permits that the students know real situations that they could find in a professional
future, which increase the motivation towards the subject of study.

In addition, from the lecturer perspective, the case method allows to apply a teaching-
learning methodology for the study of a real problem, as it is the corrosion of the materials,
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The case method: study of a corrosion problem

in order to obtain more active learning of the students. It also allows the lecturer to use a
rubric as evaluation tool so that students can know the criteria with which they will be
evaluated.

As a proposal for improvement for future courses, a short student poll could be carried out
at the end of the activity to know if the case method is an effective way to increase student
motivation and participation. It could be realized using the tool of “sondeos” in the e-
learning platform PoliformaT.

4. Conclusions

The present work describes the application of the case method as teaching-learning
methodology for the study of a corrosion problem in the subject of “Manufacturing
Processes of Building Materials” in the 2018/2019 academic year. The activity consists in
the description by the lecturer of a real situation about a corrosion problem, so that the
students can analyze it and propose solutions individually and in group. This activity is
realized in class, which is evaluated using a rubric. The results show the high scores
obtained by the students in the case method and the high grade of satisfaction of the
students after applying the educational innovation. The case method permits that the
students know real situations that they could find in a professional future, which increase
the motivation towards the subject of study.
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Abstract

Education is the key in mankind’s journey towards a fiee, just, and peaceful
world; nevertheless, education policies fail to make the top of the lists
containing government priorities. Taking into account Jacques Delors’
approach regarding the Four Pillars of Education, which appeared for the
first time on the 1991 UNESCO Report, and in an attempt to address the
need for socially-responsible global citizens, this paper looks at learning to
transform as an additional pillar that can help anchor the educational
experience in all aspects of the person’s life. The article explores the function
of education, revises Delors’ contribution, attempts to define the renewed
spirit of transformation, and explores learning to transform in four distinct
stages: learn, reason, act, and reflect. It is through transformation and self-
transformation that the learner can alternatively become a teacher while
forging relations in groups of people.

Keywords: Learning, transformation, education, global citizenship.
1. Introduction. The educational function

In his opening reflection on education, Jacques Delors puts in plain words that education
“constitutes an indispensable instrument for humanity to progress toward the ideals of
peace, freedom and social justice” (1991). In this sense, the members of the International
Commission on Education for the 21st Century have identified a way to service a genuine
and harmonious human growth within the role of education in the continuous development
of people and societies.

Although it is still true that we can speak with a touch of disappointment about economic
and social progress, it is also true that we have become more conscious about the threats
that loom over us. This encourages us to participate, from the sphere of education, towards
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“sustainable human development, mutual understanding among people, and the renewal of
an effectively-lived democracy” (Delors, 1991).

This development is attainable, from the ethical perspective, as long as we rise above a
series of tensions the Commission has identified as part of the problems of the XXI century:
The tension between global and local, universal and singular, tradition and modernity, short
and long term, competence and equal opportunities, knowledge development and human
capacity for assimilation; and, finally, between spiritual and material ambits.

Overcoming these tensions involves a life-long task; one in which each day represents an
opportunity to develop the potential of the person, to mature his or her talents and creative
capacities, to take responsibility for their own actions, and to fulfill their personal project.
Permanent education consists of a continuous structuration of the human person, his/her
knowledge, aptitudes, and judgment and action faculties (Delors, 1991). According to
Francisco Cua, the comprehensive human development consists both on self-awareness and
on personal relationships. It involves the totality of the mind, body, intelligence, sensibility,
aesthetics appreciation and spirituality, starting in infancy and stretching from that point
forward (Cua, n/d). Therefore, this continuous structuration covers the independent and
critical way of thinking and judging of each person, which allows decision-making
regarding the best courses of action in different life situations.

It is a task that acknowledges self-awareness and responsiveness to the environment while
inspiring action.

2. The four pillars of education

In Chapter 4 of the UNESCO Report, Jacques Delors described four roads to knowledge
that are inextricably linked and around which education is structured to fulfil its functions.
Delors called these learnings “pillars”. For each person, they will become the foundations
upon which the understanding of the world will be built. The four pillars of education are:

1. Learning to know. Beyond the acquisition of structured knowledge, this
pillar is about developing the abilities (competences and skills) required to
understand reality. In this sense, it can be regarded both as a means and an end
in life (Lee, Choi / Choil, 2017). Learning to know is about perceiving oneself
as competent with the abilities cultivated; it is also and about finding
satisfaction in the knowledge that has been built; finally, it is learning to think
in order to magnify the human experience.
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2. Learning to do. Learning to know helps understand reality, and learning to do
helps face it. It allows the person to participate in professional and social
activities to tackle emerging situations. It is the pillar more closely linked to
vocational training, and emphasizes the way in which education can be
adapted to future work when it is impossible to foresee exactly how that work
will evolve (Lee, Choi & Choil, 2017). Learning to do helps develop self-
initiative and collaborative competences that make it easier to use
information, knowledge and creativity.

3. Learning to be. This pillar is a response to the personal invitation to reflect
upon one’s personality and to explore personal talents. In this stage, the
development of abilities is focused on personal thinking processes, judgments
based on personal beliefs, and the capacity of autonomy and personal
responsibility. Education must contribute to the all-round development of the
individual, which is the complete fulfillment of man (Lee, Choi &Choil,
2017). Delors (2013) suggests that this is the hardest thing to achieve in
education: fully developing the creative potential of each individual in all its
richness and complexity.

4. Learning to live together. This pillar is based on understanding others,
recognizing interdependence, building a positive perspective of competence
and preparing to deal with conflict from the standpoint of respect to pluralism
and peace. It includes tolerance, respect, welcome, embrace, celebrating
difference and diversity in people, and responding constructively to the
cultural diversity and economic disparity around the world (UNESCO,
2012b). When we learn to live together, ties that bind people together beyond
differences emerge.

Based on the idea that education is a lifelong task, it is essential to recover the concept of
educational society; a notion that recognizes limitless possibilities to learn, nor only in
learning communities, buy in every experience of cultural, economic and social life. With
no doubt, this presents a demand that we are called to answer: We need to learn to learn
(Delors, 1991).

In 1990, during the World Conference on Education for All in Jomtien, Thailand, the
assembly recognized the urgency to contemplate education as an agent that enables people
to “survive, fully mature their capabilities, live and work with dignity, participate in
development, improve their quality of life, make well founded decisions and continue
learning” (Jomtien, 1990).

Learning to learn, and continue learning... But, what for?
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3. A renewed spirit

Delors orientating utopia consists on ensuring that the world converges towards increased
mutual comprehension, intensifying the sense of responsibility and solidarity supported
upon the basis of accepting spiritual and cultural differences. In other words, we are hoping
to shape citizens of the world through a conscious and active practice that must originate in
schools giving place to a renewed spirit that inspires students to make a positive difference
in the world: A transformational spirit.

Oxfam Education’s proposal of Basic Competences for Global Citizenship recognizes
Jacques Delors’ perspective of the person as a whole, and enriches it through education for
global citizenship, which allows to add a new pillar to the four learnings presented in the
UNESCO Report, one that is aligned with building a more just world: Learning to
transform (Oxfam, 2005).

Learning to transform therefore entails shaping the “renewed spirit that promotes the
realization of common projects, searching for intelligent and peaceful solutions to
unavoidable conflicts” (Delors, 1991) and developing the competences required to engage
in responsible interactions while building a more just and sustainable world; in brief, to act
in the quest of the common good, because education is a social experience.

This renewed spirit should impregnate not only the students. All the actors that conform the
educational society need to deploy their abilities to contribute to the transformation:
parents, principals, and the local community are also participants in this learning process.
We are encountering a spirit that transforms and is transformed, making space to a society
in which each member will alternatively become educator and learner (Delors, 1991).

4, What is transformation?

“Do not conform to the pattern of this world, but be transformed
by the renewing of your mind.” (Rom. 12:2)

Maria Moliner’s Dictonary for the use of Spanish defines transformation as “giving a
different form or appearance to something or someone”, “transmutation in another thing”,
and, in the case of electricity, “changing with the help of a transformer”. In the quote by
the apostle Paul cited at the beginning of this section, the term employed in early Greek is
metamorphosis (uetaudppwaig), a word that the Dictionary of the Spanish Language of

the Royal Spanish Academy (RAE) defines as “ a move that someone or something does
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from one state to another”; and when analyzing living beings, it is a “change that they
experiment during their development and that manifests itself not only in the variation of
form but also in the functions and in the genre of life”.

Adapting Moliner’s definition to educational society, the possibility of achieving change
through a transformer becomes an evident and reachable learning goal; this means, a
transformational agent, a transformative leader. Considering the definition proposed by the
RAE, it is possible to assume that change is experimented throughout the development of
skills but that it originates in human nature. As long as it is sustained with the adequate
nutrients, the person transforms altogether; very much like the caterpillar, which is not
disguised as a butterfly, but actually is one.

If transforming (and transforming oneself) depends on an important measure of the
“adequate nutrients”, it is also required that these nutrients are effectively assimilated
because genuine transformation starts with an internal change. Learning to transform is a
gradual process that emerges from a renewed state of mind, a new attitude, and culminates
with the external expression of concrete activities once a series of conditions from the
educational sphere are being met:

a. Searching for the truth, observing reality as it is (learning to know,
stemming from conceptual contents)

b. Being conscious and contemplating reality from the perspective of the
common good (learning to live together, stemming from the behavioral
contents)

c. Educating in justice; reflecting on what is fair (learning to become,

stemming from the attitudinal contents)

d. Identifying what is missing and rehabilitating reality (learning to do;
stemming from experiential contents)

e. Finally, socializing change, sharing achievements, and moving from
being a learner to being an educator.

By alternatively shifting from learner to educator, the person is called to “feel oneself with
the other” (Ballesteros n/d). Global citizenship therefore becomes a collective action that
allows to transform the world through a dynamic process, improving it to guarantee the
common good. Transformational leadership emerges from a pedagogy of full participation.
In this sense, Robinson (2009) acknowledges the importance of developing a sense of
cultural identity in students, an idea of their place in the world so that they will be able to
choose their standpoint in any scenario.
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5. Learning to transform

Learning to transform is supported on the postulate that people have the power to change
themselves and to change things. The concept has been analyzed from the perspective of
sustainable school transformation (Crossley & Corbyn, 2010), and sustainable evelopment
(UNESCO, 2012; Rieckmann, 2018).

In 2012, the UNESCO presented the Education for Sustainable Development Initiative,
which included a conceptual model for ongoing, lifelong learning based on Delors’ four
roads to knowledge, adding an additional pillar: Learning to transform oneself and society,
in the understanding that when individuals and groups gain knowledge, develop skills, and
acquire new values as a result of learning, they are equipped with tools and mindsets for
creating lasting change in organizations, communities, and societies.

The importance of learning to transform is based on specific claims of the newer
generations; young men and women who will develop critical thinking skills and who will
be able to ask themselves transcendent questions. It is a responsibility of schools to equip
children and young adults with the knowledge, skills and values that will promote their
participation in society.

By learning to transform, students will be able to acknowledge the complexity of global
affairs and to discern the global dimension as a part of everyday life in their local
surroundings. In this way, they will discover and understand their relation with the
environment and the people they share the planet with (Oxfam, 2005).

Learning to transform is educating for global citizenship; it is about accompanying the
development of persons who want to understand the way the world works in all aspects
(environmental, cultural, economic, social and technological). Being a global citizen, the
individual who learns to transform is conscious about his/her environment, realizes that he
has a role in it, and is willing to take action while respecting and valuing diversity. The
person we are talking about takes responsibility for his/her actions, finds social injustice
offensive, and participates in community life (Oxfam, 2005).

It is possible, then, to speak about a process inspired by Mark Sanborn’s potential matrix
(2017) and Bustos, Hernandez & Riojas’ social justice approach (2011); one that organizes
learning to transform in four distinct stages that correspond to the areas outlined in
Sanborn’s personal development route (Learn-Reason-Act-Reflect):

1. Learn: It is based on knowing the content (topic, problem), considering it from
multiple perspectives, trying to understand the causes that provoked it and the
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consequences that it would bring about. Individuals acknowledge previously
established beliefs and develop cultural competence.

2. Reason: Entails a critical consideration of what can be done based on the
problem, connects it to the values and global perspectives in order to understand
the nature of power and action. Individuals plan actions to raise awareness and to
experiment.

3. Act: Consists on planning and executing actions as a global citizen would, both
individually and collectively. In the sense of praxis, it is a reflection-action about
the world in order to transform it (Freire, 1986).

4. Reflect: It is based on reconsidering, questioning, celebrating and learning from
actions that have been taken.

The process is also supported by Vygotsky’s Theory of Sociocultural Cognitive
Development (Moll, 2013), since social interaction in a context always influences learning.

6. Final considerations

Richard Leblanc affirms that when learning occurs, the person is transformed the moment
in which synapsis and neurons form a connection and structure a thought; this
transformation is notorious even in minor details such as facial features.

Learning to transform entails transcending the traditional notion of competence, including
attitudes, conditions and needs; increased reliability, knowledge of disciplines, credibility,
domain of relevant skills, interpersonal, communication and decision-making abilities;
intelligence and intuition, all of which are immerse in a personal commitment for change
(Cua, n/d).

Change will find its way when communities assume the responsibility for their own
development and their innovation capacity; when we value the role of the education al
society orientated towards improving the quality of life and towards achieving the common
good (Delors, 1991).

To transform and to transform oneself into an agent of change or a transformational leader
requires a new state of mind. This new mentality is not only about accepting different
points of view or opinions, nor about the mere ability to perceive of detect something. It
requires to take a stand, to show a conduct, an orientation, an attitude, and an inclination.
Just as Paul exhorted the Romans: to transform oneself, one requires to be renewed “in the
spirit of the mind”.
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This is an open invitation to assume the knowledge of reality, stemming from the
commitment to action, as a vital instrument. The change that we need and desire will only
be possible if we learn to transform. The starting point for the transformation of the world
and for our own transformation needs to be based on what is familiar and constant; the near
and the daily, feeling one with the other to find each other and to find a way to be and to do
things (Ballesteros, n/d).

As Paulo Freire has stated, education does not change the world, but it does change the
people who will change the world (Freire, 2000).
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