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Preface

The International Congress on Education and Technology in Sciences (CISETC 2019),
was held during December 10-12, 2019, at the Catholic University of Santa Maria,
Peru. CISETC is a global initiative framed in STEAM for the development of science
and technology in various contexts. CISETC 2019 was the first edition of this con-
ference series and had a great reception nationally and internationally with regard to the
presentation of manuscripts and attendance of participants.

CISETC 2019 aimed to provide a good forum for participants to discuss best
practices of STEAM (Science, Technology, Engineering, Art and Mathematics) in the
different educational systems that according to PISA had the best results, as was the
case with Singapore, Taiwan, Finland, Spain, and the USA. For this reason, this event
was sponsored by the National Council of Science, Technology and Technological
Innovation of Peru. With regards to the manuscripts, CISETC 2019 had two main
themes:

— Pedagogical practice in the sciences, focused specifically on science education
— Complementary aspects of science teaching, which considers all the elements that
can contribute to science education

This preface has been generated with the participation of the keynote speakers,
because to a greater extent the manuscripts were linked to the development of teachers’
skills. The proceedings were sponsored by the Peruvian Educational Research Society
(SIEP), the Research Group on Interaction and eLearning (GRIAL) of the University of
Salamanca, Spain, the Mackensie University of Sdo Paulo, Brazil, and the Research
and Development Group on Software Engineering of the University of Cauca,
Colombia, who helped to ensure that the process of selecting manuscripts was relevant
and appropriate to the scope of CISETC. The call for papers was made through
EasyChair and wikicfp, and there were of two types of papers accepted: full paper (up
to 10 pages) and short paper (6 pages). In total 96 manuscripts were received, which
were submitted to the Program Committee for a blind peer review. In some cases,
according to the score reached, there was more than one review to define the accep-
tance (or rejection) of the manuscripts. Of the 96 manuscripts presented (84 full papers
and 12 short papers), both distributed in the corresponding thematic areas, 36 full
papers were accepted. These papers were presented in the proceedings during the event.
Later, and considering the higher scores obtained and after the discussion among the
Program Committee (who prepared the preface), the extended version of 13 papers was
requested, which correspond to the two thematic axes presented below and focused on
the central theme of CISETC 2019.



vi Preface

Considering the scope of this first edition of CISETC, we are satisfied with the
impact generated within the national and international scientific community.

December 2019 K. O. Villalba-Condori
A. Aduriz-Bravo

J. Lavonen

L.-H. Wong

T.-H. Wang
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Abstract. The idea of competency, which is widely disseminated through science
curricula in various countries, has great potential for the professionalisation of
science teachers. Moreover, teachers need competencies for introducing these
competencies and for supporting students to develop them. In this chapter, we
explore a characterisation of scientific competencies that can be productive for
the pre-service teacher education. With such a definition, it would be possible to
inspect some “paradigmatic” competencies in science teaching.

1 Introduction

In current educational research, the notion of “‘competency” is considered both problem-
atic and promising [1, 2]. To a large extent, this problematic character arises from its exo-
educational, economicist origins. The promising aspect of the concept, on the contrary,
may be lying in its power to transform teachers’ professional development in the 21st
century.

In the context of the European Higher Education Area, one definition of competency
that has already become classic characterises it as the general capacity based on knowl-
edge, experiences, and values that a person has developed through their participation in
educational practices [3]. Such a definition of competency could be considered, follow-
ing [4], as “generic”. It has the value of placing science as a noteworthy contribution to
the integral education of people, but it entails a danger: separating the development of
formal skills from the disciplinary ways of understanding the world. Therefore, it would
also be necessary to have a “specific” definition of competency, set in context . In the

© Springer Nature Switzerland AG 2020
K. O. Villalba-Condori et al. (Eds.): CISETC 2019, CCIS 1191, pp. 1-5, 2020.
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case of professional competencies of science teachers, the specific context is the science
classrooms, in which the specific activities of science teaching are developed.

One way to understand competencies for science teacher education is to think of
them as abilities (cognitive, discursive, material, value-related) that operate on scientific
content within a well-defined context, which is that of professional performance. How-
ever, this definition does not indicate any criteria for selecting the competencies that
would be most relevant for teacher professionalisation. It is here that the need arises to
make additional specifications in order to identify the most paradigmatic competencies
in the professionalism of teachers.

2 Towards the Identification of Professional Competencies
for Science Teachers

We start from the basis that the education of science teachers aims at preparing indi-
viduals that are competent in designing, implementing and evaluating a good quality
science education in their classrooms. Thus, the competency par excellence for science
teachers would be that they make their students scientifically competent. This compe-
tency is similar to what [5] recognised in her analysis of various national-level teacher
competency frameworks, strategies and standards, which typically emphasise profes-
sional knowledge and practices in teacher profession. Specific teacher competencies, on
the contrary, could be conceptualised as a set of knowledge-based strategies that enable
teachers to successfully design a teaching of science directed to different audiences and
to tackle with the conflicts and difficulties that arise in their professional practice.

Science teachers of course need scientific competencies aligned with those that they
will foster in their students. But they also need competencies for the planning, execution
and regulation of their teaching practices, which involve effective actions responding to
complex demands. Science teaching, seen from the perspective of professional compe-
tencies, entails the integration of very different forms of knowledge—including, but not
reduced to, disciplinary knowledge. When science teachers teach, they are expected to
mobilise these different forms of knowledge adequately and efficiently.

A competency-based science teaching would include four dimensions [6]:

1. abody of scientific knowledge composed of theoretical models that should be taught;

2. the ability to effectively transform the world using those models according to various
human aims;

3. aset of socially shared attitudes and values to meet the demands of citizenship; and

4. acritical understanding of the nature of the scientific activity.

These dimensions, therefore, should be central in pre-service science teacher educa-
tion. In addition to competencies needed in a science classroom, science teachers need
professional engagement, which includes teachers’ own engagement in professional
learning and engagement with colleagues, parents and the community [7].

Therefore, a central trait in the professionalisation of science teachers would be
sound knowledge of science and about science; teachers’ professional competencies,
in relation to the discipline to be taught, would be both of scientific and meta-scientific
nature (using here the Greek prefix “meta” to give an idea of a “second order reflection
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on”) [8]. Among meta-scientific competencies, we could place the teaching, instructional
or didactical competency.

School science could be understood as an intellectual and social activity in which
students use scientific models to make sense of phenomena. The theoretical ideas carried
by the models, together with the specialised language of science and the experimental
activities to intervene on phenomena, would constitute “game rules” to explain the natural
world and to understand the human aims and values that shape science. With this idea in
mind, a key aspect of the professional responsibilities of the teachers is lying on teaching
model-based competencies, that is, competencies that mirror the epistemic nature of
scientific activities, requiring students to think, talk and act on scientific problems.

According to the “Future of Education and Skills 2030 (https://www.oecd.org/
education/2030-project/)”, proposed by the Organization for Economic Co-operation
and Development (OECD), “competency” refers to flexible applications of knowledge
and skills in daily life, which can be expressed in self-learning, problem-solving, and
adapting to the future [9]. Interdisciplinary STEM/STEAM education seems to be an
effective model for competency-based teaching and learning. According to these authors,
STEM/STEAM education facilitates interdisciplinary applications of science, technol-
ogy, engineering, art, design and mathematics so that students can achieve meaningful
learning for their daily life. Some effective teaching models for STEM/STEAM edu-
cation are recommended for science teachers to put into practice in their classroom.
For example, the DDMT teaching model, which includes four steps: discover, define,
model and modelling, and transfer, provides a scaffold for teachers to develop their
competency-based and interdisciplinary STEM/STEAM teaching activities [9, 10]. The
DDMT teaching model was adopted as the key teaching model for STEM/STEAM cur-
riculum development in the “Tsing Hua STEAM School (https://tsinghuasteam.org)”
alliance, which was initiated by the National Tsing Hua University (NTHU) in Taiwan.
The “Tsing Hua STEAM School” emphasises K-12 students’ gaining of interdisciplinary
learning experiences by solving and understanding daily life phenomena and problems
via maker practices.

What would then be some of the important competencies for teachers to teach, which
they would therefore need to learn during their professional education? When we face this
question, we are located on a continuum with two very recognisable ends: 1. competen-
cies that belong to science, working as a sort of “Ockham’s razor” to demarcate science
from common sense and from other human activities, or 2. more general competencies
directed to citizenship, for which science would be an instrument or a context.

Mid-way in between these two positions, we could talk about “paradigmatic” sci-
entific competencies, modelled on central traits of science. Such competencies would
satisfy, at the same time, two requirements: 1. they would show the most characteristic
elements of the scientific activity (and this does not imply that we naively believe that
such characteristics are exclusive of science); and 2. They would enable students to
acquire ways of understanding the world with scientific concepts and, at the same time,
to critically discuss the nature of science as a human endeavour.

Among the “good candidates” for paradigmatic competencies, we could identify
those related to:

1. grasping the methodological dimension of science;
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2. producing texts in the different scientific “genres” in order to elaborate, justify and

communicate scientific ideas;

using models while understanding their nature as representations, and

4. producing and defending solid arguments in favour of established scientific under-
standings of phenomena. It is worth noting that these four competencies have a
hybrid cognitive-linguistic nature.

b

The aforementioned competencies, and other instances that science teacher educators
could collective define, are perhaps key constituents of the definition of a scientifically
educated citizen: they help meet current social demands such as engaged social partic-
ipation, informed decision-making, critical thinking, or the ability to critically manage
information in mass media.

In the particular case of the competency of scientific argumentation, the careful
selection of the (socio-) scientific problems and issues on which students are going to
argue would help them to apply and evaluate the scientific models and, at the same time,
to discuss and incorporate an educationally valuable “image of science” that presents it
as a deeply human activity of enormous social relevance.

3 Concluding Remarks

Adopting an operational definition of competency for science teacher education requires
the identification of content to be taught (“big” scientific ideas that are essential), but
also of “modes of thinking” that give support to scientific activities and are valuable in
order to educate our students of different educational levels. In this sense, it is interesting
to cite Diaz Barriga [2] idea that “the best way to see a competency” is in the “amalgam”
between abilities, data and information, situations, aims, etc.

Students could be characterised as scientifically competent when all those elements
can be put into action not only in school situations, but also in a wide variety of new
conditions, thus demonstrating a high level of “transversal” applicability to a diversity
of contexts [11, 12]. In accordance with this, science teachers would be genuinely com-
petent when they can guide their students in the application of what they have learnt
to meaningful and relevant contexts. This would require for them the competency of
carefully designing science classes that accompany the whole process.
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Abstract. Despite the huge research efforts that have been made, the problem of
how to teach mathematics and sciences remains open. Deciding between teacher-
focused teaching models (transmissive teaching) or student-focused (inquiring
learning) poses a dilemma for educational practice. In this paper we address this
problem and propose a solution applying the Onto-semiotic Approach assumptions
and theoretical tools. We argue that the learning optimization and achievement
of an appropriate didactic intervention require interweaving in a dialectical and
complex way, the teacher’s moments of knowledge transmission with the student’s
inquiry moments. The implementation of efficient didactic trajectories implies the
articulation of diverse types of didactic configurations managed through didactical
suitability criteria on the teacher’s part. These should take into account the epis-
temic, cognitive, affective, interactional, mediational and ecological dimensions
involved in instructional processes.

Keywords: Didactical models - Constructivism - Objectivism - Onto-semiotic
approach - Didactical suitability

1 Introduction

Research in mathematics and experimental sciences education is usually interested in
describing and understanding teaching and learning processes, avoiding proposing norms
on how these processes should be implemented. In research activities the descriptive-
explanatory scientific component predominates against the technological component
of effective action on educational practice. However, intervention in the real problems
of teaching requires developing specific instructional theories that help the teacher to
take decisions in the design, implementation and evaluation phases. It is necessary to
develop educational theories that articulate the epistemic and ecological facets (curricular
theories), together with the cognitive and affective facets (learning theories), oriented
to the practice of teaching (instructional design theories). In particular, the optimization
of the interactional facet, that is, the types of interactions between teacher and students,
between the transmission and inquiry of knowledge, constitutes a problem: The dilemma
between directly transmitting knowledge or facilitating the students’ inquiry so that they
discover and build that knowledge themselves, remains unclear [1].

In this paper, we address the problem of instructional design in mathematics and
experimental sciences education from the point of view of the Onto-semiotic Approach
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to Mathematical Knowledge and Instruction (OSA) [2, 3]. We will use the onto-semiotic
configuration notion to show the complexity of knowledge, since it allows us to recog-
nize the system of objects and processes put at stake in a problem-solving activity, which
constitutes the rationale for such knowledge. Likewise, the notion of didactic configura-
tion helps to recognize the variety and dynamics of teachers and students roles involved
in the instructional process of any learning content. The different types of didactic con-
figurations [4] should be articulated forming didactic trajectories whose management
by the teacher, have to be guided by suitability criteria [5] in order to achieve the effi-
ciency of the teaching activity. In summary, with the application of the OSA analysis
and didactic intervention tools, a theory of instruction has been built for the progressive
improvement of mathematics and sciences teaching practice.

In this article we expand and review the invited conference presented at the CISECT
[6], incorporating in the thematic thread of the same ideas from previous papers focused
on the problem of articulating pedagogical models focused on the teacher or students
[7, 8], and justifying the relevance of applying a mixed type instructional model. In this
sense, an example is described that shows the onto-semiotic complexity of mathemati-
cal practices in the case of solving a task on geometric proportionality [9] and another
example of an experience with elementary students, following the dialogic-collaborative
model described in this article, who have a first encounter with the concept of propor-
tionality [10]. In this article we introduce significant clarifications regarding the type of
dialogic-collaborative didactic configuration that we consider suitable in the situations
of the student’s first encounter with a new content, as well as the relevance of applying
this didactic model in the field of education in experimental sciences.

In Sect. 2 we describe in more detail the dilemma between two extreme positions on
the types of didactic interactions that should be implemented in instructional processes:
constructivism, with an emphasis on student inquiry and autonomy, and objectivism
with an emphasis on knowledge transmission. In Sect. 3 we introduce a key factor
to consider when deciding between the two extreme positions: recognizing the onto-
semiotic complexity of mathematical and scientific knowledge, which must be taken
into account, along with other cognitive reasons, in order to ponder constructivism. In
Sect. 4 we describe some OSA tools for the analysis and instructional design, which are
used in Sect. 5 to present the mixed type instructional model that we propose to optimize
the efficiency of didactic activity. This model is explained with an application example
in Sect. 6.

2 Constructivism Versus Objectivism

The family of instructional theories called “Inquiry-Based Education” (IBE), “Inquiry-
Based Learning” (IBL), and “Problem-Based Learning” (PBL), postulates inquiry-based
learning with little guidance from the teacher [11]. The different varieties of construc-
tivism share, among others, the assumptions that learning is an active process, that knowl-
edge is built instead of innate or passively absorbed and that in order to achieve effective
learning it is necessary to approach students with significant, open and challenging
problems [12, 13].
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“The arguments that human beings are active agents constructing knowledge by
themselves have made people believe that instructional activities should encourage
learners to construct knowledge through their own participations. This construc-
tivist view plays an important role in science teaching and learning and has become
a dominant teaching paradigm” [1, p. 897].

The recommendations for implementing a teaching and learning of mathematics
and sciences based on inquiry have been playing a significant role in the curricular
orientations of various countries, in projects, research centres and reform initiatives.
Linn, Clark and Slotta [14] define inquiry-based science learning as follows:

“We define inquiry as engaging students in the intentional process of diagnosing
problems, criticizing experiments, distinguishing alternatives, planning investi-
gations, revising views, researching conjectures, searching for information, con-
structing models, debating with peers, communicating to diverse audiences, and
forming coherent arguments” [14, p. 518].

In the pedagogical models assuming constructivist principles, the teacher’s role is
developing a learning environment with which the student interacts autonomously. This
means that the teacher has to select some learning tasks and ensure that the student has
the cognitive and material resources needed to get involved in solving the problems. In
addition, the teacher has to create a cognitive scaffolding, a “choice architecture” that
supports and promotes the construction of knowledge by the students themselves. In
some way, the aim is implementing a “paternalistic libertarian” pedagogy in the sense
of the Thaler and Sunstein [15] “nudge theory”, based on the design of interventions of
the “nudge” type. “A nudge, as we will use this term, is any aspect of the architecture of
choice that modifies the people’s behaviour in a predictable manner without prohibiting
any option or significantly changing their economic incentives” [15, p. 6].

In mathematical learning, the use of situations - problems (applications to daily life,
other fields of knowledge, or problems internal to the discipline itself) is considered
essential, so that students make sense of the conceptual structures that make up Mathe-
matics as a cultural reality. These problems constitute the starting point of mathematical
practice, since the problem solving activity, its formulation, communication and justi-
fication are considered key in developing the ability to face the solution of non-routine
problems. This is the main objective of the “problem solving” tradition [16], whose
emphasis is the identification of heuristics and metacognitive strategies. It is also the
main aim of other theoretical models such as the Theory of Didactical Situations (TDS)
[17], and the Realistic Mathematical Education (RME) [18, 19].

There are also positions contrary to constructivism, as is the case of Mayer [20] or
Kirschner, Sweller and Clark [21], which justify, through a wide range of investigations,
the greater effectiveness of instructional models in which the teacher, and the transmis-
sion of knowledge, have a predominant role. These postures are also related to objectivist
philosophical positions [22], and to direct instruction or lesson-based pedagogy [23].

Sweller, Kirschner and Clark [24] state that the last half century empirical research
on this problem provides overwhelming and clear evidence that a minimum guide during
instruction is significantly less effective and efficient than a guide specifically designed
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to support the cognitive processes necessary for learning. Similar results are reflected in
the meta-analysis performed by Alfieri, Brooks, Aldrich and Tenenbaum [25].

For objectivism, particularly in its behavioural version, knowledge is publicly observ-
able and learning consists of the acquisition of that knowledge through the interaction
between stimuli and responses. Frequently, the conditioning form used to achieve desir-
able verbal behaviours is direct instruction. Cognitive reasons can be provided in favour
of applying a didactic model based on the transmission of knowledge (objectivism) ver-
sus models based on autonomous construction (constructivism). Kirschner et al. [21]
point out that constructivist positions, with minimally guided instruction, contradict the
architecture of human cognition and impose a heavy cognitive burden that prevents
learning:

“We are skilful in an area because our long-term memory contains huge amounts of
information concerning the area. That information permits us to quickly recognize
the characteristics of a situation and indicates to us, often unconsciously, what to
do and when to do it” [21, p. 76].

Other reasons contradicting constructivist positions come from cultural psychology.
According to Harris [26]:

“Accounts of cognitive development have often portrayed children as independent
scientists who gather first-hand data and form theories about the natural world. I
argue that this metaphor is inappropriate for children’s cultural learning. In that
domain, children are better seen as anthropologists who attend to, engage with,
and learn from members of their culture” [26, p. 259].

The metaphor of the child as a natural scientist, so durable and powerful, is useful
when used to describe how children make sense of the universal regularities of the natural
world, regularities that they can observe themselves, regardless of their cultural environ-
ment. However, the metaphor is misleading when used to explain cognitive development.
Children are born in a cultural world that mediates their encounters with the physical
and biological world. To access this cultural world, children need a socially oriented
learning mode (learning through participant observation). “The mastery of normative
regularities calls for cultural learning” [26, p. 261].

The debate between direct teaching, linked to objectivist positions on mathematical
and scientific knowledge, which defends a central role of the teacher in guiding learning,
and a minimally guided teaching, usually referring to the constructivist-type teaching
model, is not clearly solved in the research literature. Hmelo-Silver et al. [27] argue that
PBL and IBL “are not minimally guided instructional approaches, but provide extensive
support and guidance to facilitate student learning” (p. 91). Supporters of problem-based
learning and inquiry focus their arguments on the amount of guidance and the situation
in which such guidance is provided. They consider that the guide given contains an
extensive body of support and being immersed in real-life situations helps students
make sense of the scientific content.

For Zhang [1], the tension between these two instructional models does not con-
sist of whether one or another would participate in presenting more or less guidance
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or support to the students, but between explicitly presenting the solutions to the learn-
ers or letting them discover these solutions. “For the advocates of direct instruction,
explicitly presenting solutions and demonstrating the process to achieve solutions are
essential guidance” [1, p. 908]. Having the intention that students discover, explore and
find solutions, as structured in IBE, eliminates the need to present such solutions. In
constructivist positions, although a certain dose of transmission of information from the
teacher to the student is admitted, it is still essential to hide a part of the content. On the
contrary for supporters of direct instruction, who assume the theory of cognitive load
with emphasis on the worked-examples, providing solutions, is considered essential.
In the next section we introduce a new key in the discussion of didactic models based
on constructivism (inquiry) and objectivism (transmission). It consists of recognizing
the onto-semiotic complexity of mathematical and scientific knowledge [2-28], which
must be taken into account in instructional processes intending to achieve the objective
of optimizing student learning. By accepting anthropological, semiotic and pragmatic
assumptions about mathematical knowledge, it is concluded that an essential part of the
knowledge that students have to learn are the conceptual, propositional and procedural
rules, agreed within the mathematical or scientific community of practices. To solve the
problems that constitute the educational objective, students use their previous knowl-
edge, a central part of which are rules, which must be available to understand and address
the task. Intending students to discover those rules is nonsense, but also the objective is
to find the solutions, which in turn are rules, and which must be part of their cognitive
heritage to solve new problems. The assumptions of an educational-instructional model
that would solve the dilemma between inquiry and transmission are obtained by taking
into account the onto-semiotic complexity of mathematical and scientific knowledge,
while recognizing the central role of problem solving as a rationale for the contents.

3 Onto-Semiotic Complexity of Mathematical Knowledge

The onto-semiotic, epistemological and cognitive assumptions of the OSA [2] serve as
the basis for an educational-instructional proposal. Although this modelling of knowl-
edge has been developed and applied for the case of mathematics, it is also relevant for
the central core (concepts and principles) of scientific knowledge.

The OSA recognizes a key role in the transmission of knowledge (contextualized
and meaningful for the student) in the mathematics teaching and learning processes
although problem solving and inquiring also have an important part in the learning
process. Instruction has to take into account the cultural/regulatory nature of the math-
ematical objects involved in the mathematical practices, whose competent realization
by the students is intended. This competence cannot be considered as acquired if it is
meaningless to the students and, therefore, it should be intelligible and relevant to them.
Thus, students should be able to use mathematical objects in their own contexts with
autonomy. But, according to OSA, due to the onto-semiotic complexity of mathematical
knowledge, this autonomy should not necessarily be acquired in the first encounter with
the object or in the determination of some of the senses attributed to it; for example, it
can be achieved in a mathematical application practice.
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How to learn something depends on what you have to learn. According to the OSA the
student must make the institutional mathematical practices and the objects and processes
involved in the resolution of situations-problems whose learning is intended, appropriate

(Fig. 1).
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Fig. 1. Onto-semiotic configuration [18, p. 117]

An essential component of these practices are conceptual, propositional, procedural
and argumentative objects whose nature is normative [28], and which have emerged
in a historical and cultural process oriented towards generalization, formalization and
maximizing the efficiency of mathematical work. It does not seem necessary or possible
that students discover autonomously the cultural conventions that ultimately determine
these objects.

In an instructional process, the student’s realization of mathematical practices linked
to the solution of some problematic tasks puts into play a conglomerate of objects and
processes whose nature, from an institutional point of view, is essentially normative [28].
In the OSA mathematical ontology, according to Wittgenstein’s philosophy of mathe-
matics [29-32], the concepts, propositions and procedures are conceived as grammatical
rules of the languages used to describe our worlds. They neither describe properties of
objects that have some kind of existence independent of the people who build or invent
them, nor of the languages by which they are expressed. From this perspective, mathe-
matical truth is nothing more than an agreement with the result of following a rule that
is part of a language game that is put into operation in certain social practices. It is not
an agreement of arbitrary opinions, it is an accord of practices subject to rules.

The realization of the mathematical practices involves the intervention of previous
objects to understand the demands of the situation - problem and to be able to imple-
ment a starting strategy. Such objects, their rules and conditions of application, must be
available in the subject’s working memory. Although it is possible to individually seek
such knowledge in the workspace, there is not always enough time or the student does
not succeed in finding that knowledge. Therefore, the teacher and classmates provide
invaluable support to avoid frustration and abandonment.

Next, we exemplify the use of the onto-semiotic configuration tool for the case of
the proportionality concept, contextualized with the puzzle enlargement task (Fig. 2).
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It is intended to reveal the learning complexity of this mathematical object, discussing
the pertinence of addressing such learning globally through a constructivist didactic
model, or with a model based on the transmission of decontextualized and meaningless
information for the student.

6 < - You must cut a puzzle similar to this one (the

R model) on a card. But you have to make it

) - bigger for kindergarten children. This side

6 measuring 4 cm in the model should measure

¢ Q 2 i ; cm hin the e[r)zlar}%led puzzlz. , i

QAN f/f?: - Qu ave ?0 e able to ma e the same figures
\\t§\§ Z with the big puzzle as with the model.

5 §§§§§\\ ,/52 - To make the big puzzle you will divide into

NRRNN ;,?/j groups. Each group will make a single piece

NN 2 and we will put them all together at the end
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s to fit.

Fig. 2. Puzzle enlargement situation [17, p. 177]

In the puzzle enlargement situation (Fig. 2) the teacher tries to help the children reach
a solution that involves the recognition and calculation of the proportionality constant
(scale factor or unit value) through essays and discussions. However, the learning of
proportionality requires that students progressively understand the algebraic-functional
meaning, as indicated in the following sequence of practices:

— We intend to build a puzzle equal to that of the figure but bigger. That is, if a segment
in the model is the union of two others, the associated segment will also be the union
of the corresponding ones in the new figure. In addition, if the length of a segment s
in the model is multiplied by a number, the length of segment S corresponding to s
will be multiplied by the same number.

— Therefore, the correspondence established between the distances of the segments in
the model (M) and the distances of the segments in the real puzzle (P), f: M — P, is
linear, f (x) = kx.

— The coefficient k of the linear function is the proportionality constant in the case of
direct proportionality relations between magnitudes.

— Applying the properties of the linear function: k = k- 1 = f(1), and in our case:
f@=T:4()=T7,f(1) =74 = 1.75.

— The length of a segment of length x in the model will therefore be f (x) = 1.75x cm
in the bigger puzzle.

This sequence of operative and discursive practices put at stake in an algebraic -
functional solution involves a system of mathematical objects (Table 1) whose nature is
essentially normative and that are the result of a long process of elaboration within the
community of mathematical practices.
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Table 1. Mathematical objects involved in the algebraic-functional solution of the puzzle situation

Object types | Objects

Languages |— Symbolic: function as correspondence between two numerical sets (ff M —
P); value of a function f at a point x (f(x)); linear function of proportionality
constant k (f(x) = kx)

— Numeric: fractions, decimals

— Natural-mathematical: correspondence, linear function, coefficient, segment,
distance, multiplication, union, direct proportionality, magnitude

Concepts — Magnitude; quantity; measure; numerical value of the measurements; sum of
quantities, product by a scalar

— Unlimited sequence of quantities and numbers; functional correspondence;
direct proportionality; proportionality coefficient

Procedures | — Translation of expressions from natural to symbolic language

— Calculation of the proportionality coefficient based on the definition
conditions of the linear function

— Calculation of the missing value based on the definition conditions of the
linear function

Propositions | — The correspondence ff M — P is a linear function

Arguments | — Pragmatic conventions
— The correspondence between the measurements of the two puzzles is additive
and homogeneous

It does not seem pertinent to claim that the student autonomously reconstructs this
network of knowledge that the mathematical culture has selected as adequate to respond
to proportionality situations. Based on this onto-semiotic complexity, an instructional
model based on the presentation of concepts, propositions, procedures and arguments
cannot be considered pertinent if this information does not make sense to students.

4 OSA Tools for Didactical Analysis Instructional Design

In Godino et al. [4] some theoretical tools for the analysis of mathematical instruction
processes are developed, by taking into account the previously developed onto-semiotic
model for mathematical knowledge. In particular, the notions of didactic configuration
and didactic suitability, serve as a basis to define a mixed didactic model that articulates
the processes of inquiry and transmission of knowledge, related in a dialectical way in
different types of didactic configurations.

4.1 Didactic Configuration

A didactic configuration (Fig. 3) is any segment of didactic activity put into play when
approaching the study of a problem, concept, procedure or proposition, as a part of
the instruction process of a topic, which requires the implementation of a didactical
trajectory (articulated sequence of didactic configurations). It implies, therefore, taking
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into account the teacher’s and student’s roles, the resources used and the interactions with
the context. In fact, there are different types of didactic configurations, depending on the
interaction patterns, and the management of the institutionalization and personalization
of knowledge.

mmm————- ~ DIDACTICAL STATES / MOMENTS
TEACHING

Epistemic
configuration

Cognitive -
affective
configuration,

Instructional
configuration

P
N

ECOLOGICAL BACKGROUND OF MATHEMATICAL AND DIDACTICAL PRACTICES

Fig. 3. Components and internal dynamic of a didactic configuration [33, p. 2646]

The task, which defines a didactic configuration, can be formed by different subtasks
each of which can be considered as a sub-configuration. In any didactic configuration
there is: (a) an epistemic configuration (system of institutional mathematical practices,
objects and processes, required in the task), (b) an instructional configuration (system
of teacher/learner functions and instructional means which are used in addition to the
interaction between the different components) and (c) a cognitive-affective configuration
(system of personal mathematical practices, objects and processes that describe the
learning and the affective components which accompany it).

Figure 3 summarizes the components and internal dynamic of the didactic configu-
ration, the relations between teaching and learning and the main mathematics processes
lined to the onto-semiotic modelling of mathematics knowledge. This modelling takes
into account the complexity of the relations that are established in the centre of any
didactic configuration, not reducible to moments of inquiry or transmission of knowl-
edge. In Fig. 3, with the bottom arrow, from learning to teaching, we want to point out
that the relations are not linear but cyclical. In one particular moment of investigation, for
example, the learner interacts with the epistemic configuration without the intervention
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of the teacher (or with less influence). This interaction conditions the teachers’ interven-
tions and so, should be taken into account in the instructional configuration, perhaps not
totally in its content, but yes however in its nature, need and use. This is obviously not
prerogative of the inquiry moments. The cognitive trajectory produces examples, mean-
ings, arguments, etc., which condition the study process and as a result, the epistemic
and instructional configurations, thus making possible and committing — in all cases,
conditioning-, the conclusion of the instructional project planned.

4.2 Didactical Suitability

The detailed analysis of a process of mathematics study, which allows us to reveal the
dialectic and synergy between the different components of the didactic system, requires
to be divided into units where the notion of configuration and sub-configuration is useful.
A didactic fact is significant if the actions or didactical practices that make it up carry out
a function, or admit an interpretation, in terms of the instructional objective intended. The
meaningfulness can be understood from the point of view of the teacher, of the student,
or else from an institutional point of view which is external to the didactic system.
The notion of didactic suitability [2-5], their facets and components, provide criteria
to delimit the relevance of the didactic facts that occur in the processes of mathematics
studies.

Didactic suitability of a process of instruction is defined as the degree to which
the said process (or part of the same) meets certain characteristics that enable us to
say it is optimum or adequate to be adapted among the personal meanings achieved by
the students (learning) and the institutional meanings intended or implemented (teach-
ing), taking into account the circumstances and the resources available (context). This
supposes the coherent articulation of six facets or dimensions: epistemic, ecological,
cognitive, affective, interactional and mediational [2].

5 A Mixed Transmissive - Inquiry Instructional Model

According to the students’ previous knowledge and whether it is a first encounter with
the object, or an exercise, application, institutionalization and evaluation moment, the
didactic configurations can be of dialogical, collaborative, personal, magisterial, or a
combination of these types (Fig. 4). The optimization of the learning process through
the didactic trajectories may involve a combination of different types of didactic con-
figurations. This optimization, that is, the realization of a suitable didactic activity, has
a strongly local character, so that the didactic models, either student-focused (construc-
tivist), or teacher-focused and content (objectivist), are partial visions that drastically
reduce the complexity of the educational-instructional process.

In the student’s first encounter with a specific meaning of an object, a dialogic
- collaborative configuration, where the teacher and students work together to solve
problems that put knowledge O at stake in a critical way can optimize learning. The
first encounter should therefore be supported by an expert intervention by the teacher, so
that the teaching-learning process could thus achieve greater epistemic and ecological
suitability [34]. When the rules and the circumstances of application that characterize



16 J. D. Godino and M. Burgos

the object of learning O are understood, it is possible to tend towards higher levels of
cognitive and affective suitability, proposing to deepen the study of O (situations of
exercising and application), through didactic configurations that progressively attribute
greater autonomy to the student (Fig. 4).
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APL: Application

INS: Institutionalization
EVA: Evaluation

Fig. 4. A mixed inquiry — transmissive instructional model

In the moments or phases of the student’s first encounter with a specific meaning of an
object, itis considered that a dialogic - collaborative configuration can optimize learning.
In these types of configurations, the teacher and students work together to solve problems
that put knowledge O at stake in a critical way. The first encounter should therefore be
supported by the teacher’s expert intervention. The teaching-learning process could thus
achieve greater epistemic, ecological and affective suitability [34]. In the phases of the
first encounter, through a didactic model with minimal teaching guidance, students are
exposed to the risk of not finding any solutions and fall into frustration and task rejection
feelings.

“Even if the students find the solutions on their own, they do not know the most
effective procedures as they have to wander around in the problem searching process,
not to mention the cognitive loads they are imposed.” [1 p. 909].

When the rules and the circumstances of application that characterize the learning
object O are understood, it is possible to tend towards higher levels of cognitive and affec-
tive suitability, proposing to deepen the study of O (situations of exercising and appli-
cation), through didactic configurations that progressively attribute greater autonomy to
the student in a controlled manner (Fig. 4).

In summary, within the OSA framework, it is assumed that the types of didactic
configurations that promote learning can vary depending on the types of knowledge
sought, the students’ initial state of knowledge, the context and circumstances of the
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instructional process. When it comes to learning new and complex content, the trans-
mission of knowledge at specific times, already by the teacher, and by the leading student
within the work teams, can be crucial in the learning process. That transmission can be
meaningful when students are participating in the activity and working collaboratively.
The didactic configuration tool helps to understand the dynamics and complexity of the
interactions between the content, the teacher, students and the context. The optimization
of learning can take place locally through a mixed model that articulates the transmis-
sion of knowledge, inquiry and collaboration, a model managed by criteria of didactic
suitability [2-35] interpreted and adapted to the context by the teacher.

6 Working Together Introductory Situations of Proportional
Reasoning in Primary School

Burgos and Godino [10] describe the implementation of the mixed type instructional
model described in the previous section, with primary school students, whose aim was to
create a first encounter with direct proportionality problems and initiate the development
of proportional reasoning in the students. The sample under study consisted of a group
of 23 students in fifth grade (10-11 years-old), who had a normal level of performance
in mathematics and had difficulties in that course with the issue of fractions, as his tutor
reported in an interview.

In a first didactic configuration, students were presented with different everyday
situations in which the relationship between quantities of two magnitudes were of direct
proportionality. The price paid for different quantities of an item, the distance travelled
by a car at constant speed and time. In these situations, two series of numbers appeared,
which were represented on the blackboard by means of tables, so that students could
recognize the existence of a certain number (the proportionality ratio) that allowed them
to write each value of the second series as product of the corresponding values of the
first series by the said number. They were also presented with some situations of non-
proportionality, in which the students had to decide whether they were or not and why;
for example, the age and height of a child. Then the teacher - researcher provided the
students with a worksheet with new introductory problem- situations. The students were
organized in pairs, following the usual distribution to work in the classroom with their
teacher.

In the second didactic configuration focused on the solution of the task “Laura visits
her uncle” (Fig. 5), it was designed to stimulate inquiry and discussion by means of
directed questions that serve as an approach to proportionality. The resolution of this task
was carried out in a large group: the students intervene to complete the proportionality
table, arguing at each moment the response and discussing with the classmates the
strategy followed.
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It is the end of the year party and the fifth classes want to order cakes to celebrate it. Laura's
uncle is a pastry chef, he makes delicious cakes! So Laura has gone to visit him. That morning
he used 3 liters of milk to make 18 equal pies. Laura wants to know how many pies she can
make with 6, 2 and 5 liters of milk.
Laura, who is a very smart girl, reasons as follows to form a table like the one shown below.
—  First, 6 is double 3 (the number of liters of milk needed for 18 cakes). Put the number of
cakes you can make with 6 liters of milk on the table.
—  Then she thinks that 2 liters is the third part of 6 liters. Put the following number of cakes
on the table.
Finally 5 liters of milk are 2 liters plus the initial 3 liters.

Flmsh filling the table following these three ideas.
Liters of milk 3 6 2 5
Cakes 18

Can you think of any other way that Laura could complete the table?

Fig. 5. Introductory task: “Laura visits her uncle”

Atthe end of each activity the ideas were discussed collectively, focusing the attention
on the concept of proportionality and the properties whose knowledge and understand-
ing are pursued to develop with the tasks. The students work on the worksheet in a
collaborative way and the teacher-researcher could intervene to guide them, remember
the necessary information and lead the discussion in the classroom.

One of the tasks that were used to evaluate the learning achieved was Brousseau’s
puzzle task (Fig. 2). 70% of the students correctly solved this task. Miyakawa and
Winslow [36, p. 213] affirm, “It appears from experiments done by Brousseau and his
colleagues that despite careful preparation in previous lessons, students spontaneously
tend to construct the larger pieces by adding 3 cm to all known sides (since 7 cm is
3 cm more than 4 cm)”. However, in our study, we found no evidence of this type
of strategy, possibly because this task was preceded by other introductory tasks on
arithmetic proportionality. The predominant resolution strategy was the reduction to
unity, and some students used a resolution procedure that we describe as mixed, since
they combine additive strategies with reduction to unity.

In the light of the results achieved, we believe that this model of collaboration
between the teacher and the students, regarding the problem-situation that is intended to
be solved and the mathematical content put at stake, achieves high levels of suitability
in the interactional, cognitive and affective facets. An appropriate degree of dialogue,
interaction and communication allowed:

— Detect intuitive, natural strategies and those that students develop with little guidance
from the teacher (recurrent use of the tabular register, unit reduction strategy).

— Increase the degree of students’ involvement and interest.

— Identify semiotic conflicts (greater difficulty when the proportionality constant is not
integer) and resolve them.
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7 Final Reflections

In this work of research we have complemented the cognitive arguments of Kirschner
et al. [21] in favour of models based on the transmission of knowledge with reasons of
onto-semiotic nature for the case of mathematical learning and science, especially in
the moments of students’ “first encounter” with the intended content: what they have to
learn are, in a large dose, epistemic/cultural rules, the circumstances of their application
and the conditions required for its relevant application. The learners start from known
rules (concepts, propositions and procedures) and produce others, which must be shared
and compatible with those already established in the mathematical culture. Such rules
have to be stored in the subject’s long-term memory and put into operation in a timely
manner in the short-term memory.

The postulate of constructivist learning with little guidance from the teacher can lead
to instructional processes with low cognitive and affective suitability for real subjects,
and with low ecological suitability (context adaptation) by not taking into account the
onto-semiotic complexity of mathematical knowledge or the potential development zone
[37] of the subjects involved.

“Children cannot discover the properties and regularities of the cultural world via
their own independent exploration. They can only do that through interaction and
dialogue with others. Children’s trust in testimony, their ability to ask questions,
their deference toward the use of opaque tools and symbols, and their selection
among informants all attest to the fact that nature has prepared them for such
cultural learning” [26, p. 267].

We believe that learning optimization implies a dialectical and complex combination
between the teacher’s roles as an instructor (transmitter) and facilitator (manager) and
the student’s roles as a knowledge builder and active receiver of meaningful information.
The need for this mixed model is reinforced by the need to adapt the educational project
to temporary restrictions and the diversity of learning modes and rhythms in large groups
of students.

The teaching of mathematics and experimental sciences, should start and focus on
the use of situations-problems, as a strategy to make sense of the techniques and theories
studied, to propitiate exploratory moments of mathematical activity and develop research
skills. However, configurations of mathematical objects (concepts, propositions, proce-
dures, arguments) intervene in mathematical and scientific practice [28], which must
be recognized by the teacher to plan their study. Such objects must be progressively
dominated by students if we wish they progress towards successive advanced levels of
knowledge and competence.
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Abstract. Although statistics is widely taught in high school and universities
in many countries, the current teaching does not help student develop a complete
understanding of many concepts. In this paper, we focus on the ideas of correlation
and regression, which expand functional dependence and are the base of many
other statistical concepts. We describe the main difficulties in understanding these
concepts identified in the literature, analyse the components of statistical sense
for the case of correlation and regression and suggest some ideas to improve the
teaching of this topic.

Keywords: Statistical sense - Statistical literacy - Statistical reasoning -
Correlation and regression

1 Introduction

The abundance of statistical information in the media and on the Internet, promoted
by technology and by the increasing use of statistics in the workplace and in all the
disciplines, has led to what we know as the information society, where the citizen is
frequently involved in making decisions in an uncertain environment about various
issues. As discussed by Engel [1], misinformation and ignorance in statistics are threats
to our way of life in a complex world and are a risk for democracy. It is for this reason
that current curricular reforms emphasize statistical reasoning and its role in decision
making and professional work in many countries [2-5].

The teaching of statistics to all citizens has been justified because statistical thinking
is a component of critical reasoning, as well as for the instrumental role of statistics in
different disciplines [6, 7]. Another reason suggested by Batanero [8] is that improving
statistical reasoning, prepares students for life, since we are surrounding by randomness
since we are born.

However, the last reason is often forgotten and statistics is taught in a too formal way
using non-realistic examples and a consequence is that students develop displeasure for
the topic. Due to the need to complete a wide program in a short time, many teachers
present only definition of concepts and procedures for solving statistical problems. Con-
sequently, students do not acquire a deep understanding of the underlying concepts. In a
previous paper [9] we describe the components of statistical sense, that include statistical
literacy and reasoning and adequate attitudes towards statistics. In this new paper, we
apply these ideas to the case of correlation and regression.
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Correlation and regression are included in curricula for middle and high school
in Spain [4] and other countries [2, 3, 5]. Correlation and regression are fundamental
statistical ideas that expand the previous knowledge about univariate distributions and
mathematical functions. These methods are relevant when researchers are interested in
finding relationships between quantitative variables in a statistical study (correlation
problem) and, if possible, in finding a mathematical model that adequately fits to the
data and that can be used to predict the values of a response variable when some values
of another explanatory variable are known. Galton’s [10] work on inherited character-
istics of sweet peas led to the initial conceptualisation of linear regression. Bravais [11]
is recognised as the author of the initial mathematical formulas for correlation, while
Pearson [12] published the first complete treatment of correlation and regression. Sub-
sequent joint efforts by Galton and Pearson served to develop the general technique of
multiple regression.

Batanero and Borovcnik [13] offer an example of the interest of correlation and
regression when analysing the variables that influence the Life expectancy in different
countries, while Engel [1] analyses another situation dealing with income inequality.
Both topics frequently appear in the media, together with different recommendations
to act or judge the evolution of the variables involved. Other similar studies concern
migration, pollution, crime, human rights, education, gender inequality, production or
public expenditures [14]. Science also uses correlation and regression to make predic-
tions about the future of our planet or the need to change some of our consumption habits
to safeguard this future. To critically evaluate these arguments, we need to understand
the way in which the data are analysed, and how the conclusions in these reports are
obtained.

Moreover, correlation and regression form the foundation for many statistical pro-
cedures, including simple and multiple regression (with one or several explanatory
variables), analysis of variance, and most multivariate methods (like factor analysis).

2 Main Difficulties in Understanding Correlation and Regression

In spite of the relevance of the topic, previous research suggests biases and miscon-
ceptions in the understanding of correlation. Batanero et al. [15] studied the intuitive
conceptions of association in contingency tables in a sample of 213 high school stu-
dents and Estepa and Batanero [16] investigated the accuracy of intuitive conceptions
of correlation in a subsample of 51 of these students. The authors defined the causal
conception of according to which the subject only considers association or correlation
between variables, when it can be explained by the presence of a cause - effect rela-
tionship. They also described the unidirectional conception, where the student does not
accept an inverse correlation, considering the strength of the correlation, but not its sign
and assuming independence where there is an inverse association. In the determinist con-
ception students only accept functional relationship between the variables and expect a
correspondence that assigns only a single value in the dependent variable for each value
of the independent variable. Finally, the local conception appears when the correlation
is judged using only part of the data. Castro-Sotos et al. [17] described the transitive
conception of correlation that consist in considering correlation is a transitive operation,
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that is, whenever there exist correlation between A and B, and between B and C, there
should exist correlation between A and C; however, this is not always the case.

Moreover, research suggests poor results in people’s estimation of correlation in
everyday settings or in experiments where a scatter plot is offered to perform the esti-
mation. Thus, Erlick and Mills [18] found that negative correlation is estimated as close
to zero and Chapman [19] analysed the influence of previous theories about the context
of the problem on the accuracy in estimating correlation. Chapman [19] showed that the
estimation of correlation is more precise when people have no theories about the type
of correlation (direct, inverse) in the data. If the person’s previous theories agree with
the correlation in the empirical data, then people overestimate the value of the correla-
tion coefficient. But in case people’s expectations about the correlation do not coincide
with the correlation in the data, the estimation is poor. Estepa and Batanero [16] identi-
fied some additional variables that affect this estimation of correlation such as the sign
or strength of correlation. Estimations are relatively good in tasks that involve linear,
strong, and direct correlation, and poorer if inverse, non-linear, or moderate correlation
is involved.

Some students do not distinguish the explanatory from the response variable and use
the same regression line for prediction, no matter which variable should be predicted [20].
Moreover, students also may find problems in understanding the criteria to find a best-
fitting function in the study of regression, that is, to understand the least-squares criterion
or regression to the median (Tukey line). It is important to assure that students understand
the chosen criteria; this understanding is needed to interpret the final approximation
provided by the regression method, as well as the goodness of fit of the model to the
data [13]. An explanation of the difficulty is that working with regression requires an
advanced level of algebraic reasoning; more specifically, levels 4 and 5 in the six levels
hierarchy proposed by Godino et al. [21], which are characterised by parameters and
operation with parameters. In fact, parameters appear in statistics not only in the study
of inference, but also in the study of regression. We need to operate with the parameters
of the fitting function; for example, the slope and intercept in the line of best fit. To make
the situation more complex, these topics are studied also by social sciences students,
who generally do not have a strong algebraic background.

There are many calls to change the situation and try to decrease the level of for-
malization, in order to help students making sense of statistics [22]. In Batanero and
Borovcnik [13] we recommend to use contexts familiar to the students, build on stu-
dents’ previous knowledge and introduce the concepts making students understand how
statistical concepts help solve the given task. We also present examples of meaningful
contexts and problems that can be used to make sense of the different concepts and
methods to the students. Other suggestions include working with real data, adequate
use of technology and using assessment to improve the students’ learning. All of these
suggestions are directed to increase the students’ statistical sense, which is analysed
below for the particular case of correlation and regression.

3 Statistical Sense: The Case of Correlation and Regression

As analysed in Batanero [9], suggestions for making sense of mathematics appeared
early in relation to ideas of numeracy, that described the ability to cope with every
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day mathematical demands and as a way of understanding, which was opposed to rou-
tine learning. Soon the idea of number sense appeared, as a main outcome of school
mathematics.

Number sense refers to a person’s general understanding of number and operations
along with the ability and inclination to use this understanding in flexible ways
to make mathematical judgements and to develop useful strategies for handling
numbers and operations It reflects an inclination and an ability to use numbers and
quantitative methods as a means of communicating, processing and interpreting
information [23, p. 3].

We found no similar ideas about statistical sense, although in [22] we discovered
recommendations about helping students making sense of statistics. When comparing
with the above definition of number sense, Batanero [9] argues that statistical sense
should refer to general understanding of statistical concepts and the ability to use this
knowledge in a flexible way in solving problems, that is, in statistical reasoning and
thinking. It also includes the ability to use statistics to communicate, process and interpret
statistical information. This statistical sense would be needed for everyday decision-
making (e.g., taking an insurance policy, voting, evaluating risks of accident, interpreting
coincidences, etc.).

Ideas related to statistical sense can be found in the notions of statistical literacy,
reasoning and thinking, which are viewed by some authors [24] as three different levels
of statistical knowledge. We, instead, prefer to include these three ideas in what we
call statistical sense, and distinguish, on the one hand, statistical literacy as a set of
knowledge and dispositions, and statistical thinking and reasoning as the ability and
processes needed to solve statistical problems. Below we describe these components of
statistical sense.

3.1 Statistical Literacy

The need of statistical knowledge for every citizen in a democratic society based on
information has been widely recognized [6, 7] and led to the introduction of the term
statistical literacy, which was defined by Wallman [25] in the following terms:

The ability to understand and critically evaluate statistical results that permeate
daily life, coupled with the ability to appreciate the contributions that statistical
thinking can make in public and private, professional and personal decisions [25,

p-11.

While literacy means the ability to find, read, interpret, analyse and evaluate written
materials (and to detect possible errors or biases in this information), to be statistically
literate, people need a basic understanding of statistics. This includes knowing what
statistical terms and symbols mean; being able to read statistical graphs and data; under-
standing the basic logic of statistics; understanding and critically evaluating statistical
results that appear in daily life and a positive attitude towards statistics [7].

Statistical literacy describes the set of statistical competences needed to manage in
our society and include general reading and writing literacy, mathematical and statistical
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knowledge, and attitude [26]. The authors of the GAISE project [6] suggest that statistics
literacy is the final goal of statistics education, and that an investment in statistical literacy
by a country will be reflected in that country’s economy and development.

More recently, a group of researchers involved in the ProCivicStat project (http://
iase-web.org/islp/pcs/) have proposed the idea of civic statistics that describes eleven
knowledge bases and processes needed to understand, evaluate, and reason with statistics
about social phenomena, and a fundamental part of which is statistical literacy [1].

3.2 Fundamental Ideas in the Study of Correlation and Regression

A statistical literate citizen should acquire a minimum level of understanding of the
fundamental statistical ideas [27]. These ideas commonly appear in statistical situations,
can be taught with different levels of formalization along the curricula and have played
a main role in the development of statistics as a science. In particular, the following
fundamental ideas are basic in the study of correlation and regression.

Data: While data are also used in mathematics, in statistics the context of data is funda-
mental to interpret the results of statistical analyses and, for this reason, the understanding
of the context is central to statistical literacy; we then should bring realistic contexts,
in addition to statistical ideas to the classroom [14]. Moreover, there is a wider type of
data in the work with statistics when compared with mathematics, because of the use
of categorical variables. This mean the possibility of mathematising a wider range of
situations that cannot be worked with mathematical methods.

Distribution: A pure statistical idea that describes the behaviour of a variable in a col-
lective is that of distribution, which is characterized by its central tendency and spread.
Instead of working with each isolated value of the variable, we work with the whole
distribution, and a goal of statistics is predicting the model for the distribution of the
variables in the study. In correlation and regression, we deal with bivariate data, since
for every case we consider the values of the two statistical variables and try to relate
them. When we add the corresponding joint frequencies for each different pair of values,
we obtain the bi-dimensional distribution. Linked to this distribution we also need to
take into account the marginal distribution (considering only one of the variables) and
conditional distributions (fixing a particular value for one variable).

Representation: The values of a bi-dimensional distribution can be condensed in a graph
(usually a scatter plot or a bivariate table). Other more sophisticate representations
include bubble charts or bi-dimensional bar graphs and histograms. These graphical
or tabular representation of a distribution are used as tools that help discovering pat-
terns hidden in the raw data through a process of transnumeration [28]. For example,
in Batanero and Borovnick [13], scatter plots are used to represent the Life expectancy
in a series of countries against different variables and help students discover direct or
inverse linear or non-lineal, strong and weak correlation with Life expectancy for these
variables (An example of direct linear strong relationship is presented in Fig. 1).

Covariation and Correlation: Although variation also appear in the study of functions,
statistics deal with random variation. In particular, variability appear in the spread of
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Fig. 1. Scatter plot of a strong and direct relationship between life expectancy and human
development index

the scatter plot that represent the bivariate data. A main goal of statistics is identifying
and measuring variability to predict, explain or control various phenomena. Contrary to
mathematics that provides exact results, in statistics we often deal with approximation
and randomness. In fact, we can think in terms of signal (the line fitting the bivariate
data) and noise (the deviations or differences of the points to this line).

A statistic that considers these deviations is the covariance, which provides a measure
of the direction (direct or inverse) and the strength of the correlation.

1 n
Sxy = = (xi —x) (yi =)
’ n ,-;1

Since the covariance is not bounded, is difficult to compare the covariance for dif-
ferent scatter plots to decide which correlation is stronger. We then use the Pearson
correlation coefficient r, which varies between —1 and +1 and takes the values 41 or
—1 only if all the points have perfect linear dependence (i.e., they are all located on a
straight line):

Sxy

r = .
Sx Sy
The higher is the absolute value of the correlation coefficient the stronger is the
linear correlation of the variables. If the variables are uncorrelated, then the value of the
coefficient is zero.

Regression and Fitting Models. Once a strong correlation is found, the interest is to fit
a model to the data that serves to predict the response variable from the known values of
the explanatory variable. We use simple functions, such as linear, exponential, or power
functions. When the tendency in the scatter plot suggests that a straight line with the
equation Y = a + b X is an adequate model, the parameters a and b should be estimated
from the data. The common method to estimate these parameters is the least-squares
criterion that consists in making the sum of squares of the errors of the predictions as
small as possible. The solution is given by:

—bx.

Al
I
Q
I
<



28 C. Batanero and M. M. Gea

3.3 Correlational Thinking and Reasoning

In addition to knowledge of concepts, statistical sense requires the ability to apply this
knowledge, as well as an adequate way of reasoning and thinking. Statistical thinking
has been described by many authors, including a long discussion about how should we
distinguish statistical thinking, reasoning and literacy [24].

We postulate that statistical thinking appears each time a person try to solve a sta-
tistical problem and that statistical reasoning is concerned with the arguments used by
the person to justify his or her solutions to the problem or else to refute or agree with a
statement based on statistical data. Consequently, the terms statistical thinking and rea-
soning will not be distinguished in the paper, and will be used with the broad meaning
of solving problems in which variation and uncertainty are present.

A relevant model to explain statistical thinking and reasoning was proposed by Wild
and Pfannkuch [28], who described the process of solving real statistical problems and
considered the following components:

1. The statistical investigation cycle involves the phases of defining a statistical prob-
lem, planning for the solution, collecting the data, analysing the data and obtaining
a conclusion about the problem. Many teachers use this PPDAC cycle as a frame-
work for proposing activities or projects that help students to develop their statistical
thinking and reasoning.

2. Fundamental types of thinking. There are five typical ways in which a statistician
reasons: (a) Realizing what data are needed for a particular research or problem; (b)
Trasnumeration, which consist in changing the way in which the data are represented
to obtain new information not visible in the raw data; (c) Perceiving the variation
and identifying the sources of variation, such as the sampling process, the variable
being studied, or error in measurement; (d) Integrating statistical data and analysis
with the context from which the problem has arisen; and (e) Selecting and using the
appropriate statistical models.

3. The interrogative cycle. Along problem solving in statistics, there is a constant,
recursive generic process of interrogation, which may start at any step of the process.
In this interrogative cycle the solver tries to generate possibilities, searches for causes
and explanations, and checks ideas and approaches for the solution to the problem.
The ideas may come from the problem, the data or the statistical analysis. Another
component of this process is the interpretation and criticism of data, representations
or solutions.

4. Inaddition to the above components, statistical thinking requires a series of disposi-
tions, such as engagement and perseverance, curiosity, imagination and scepticism.
These dispositions take part of attitudes and beliefs that are discussed in Sect. 3.4.

All the components of statistical thinking can be applied in correlational thinking,
which is a fundamental cognitive activity in diverse human activities [29, 30], since
perceiving, interpreting and predicting many events that surround us depend on our
ability to analyse covariations between these events.

Correlational thinking also includes the ability to interpret accurately the correlation
presented between two variables. According to Barbancho [31], a correlation between
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two variables may be explained by the existence of a unilateral cause-effect relationship
(one variable produces the other), but also to interdependence (each variable affects
the other), indirect dependence (there is a third variable affecting both variables), con-
cordance (matching in preference by two judges in the same data set) and spurious
correlation. A good correlational thinking involve the discrimination of these types of
relationships between variables; however, many students reduce correlation to unilateral
cause-effect relationship.

3.4 Attitudes and Beliefs

The affective domain strongly influences the learning of mathematics, due to its impact on
the cognitive processes related to mathematical thinking, such as, for example, creativity,
visualization, intuition or argumentation [32, 33]. This domain includes, according to
Phillip [33], emotions, attitudes and beliefs. According to this author, emotions are
feelings or states of consciousness, distinguished from cognition, involve positive (e.g.,
satisfaction) and negative (e.g., panic) feelings, are transient and serve as a source for
development of attitudes.

Di Martino and Zan [35] suggest that attitudes constitute a bridge between beliefs
and emotions and their mutual relationships. They can influence the person’s behaviour
with respect to the topic and his/her willingness to continue studying or using what they
learnt in the classroom and are difficult to change. Consequently, it is important that
teachers are able to identify the affective aspects related to their teaching or the students’
work in the classroom. Attitudes towards a topic (in this case correlation and regression)
include different components, such as:

e Affective: feelings about the object in question, if the person is attracted or not by the
study of the topic.

e Cognitive: the person’s self-perception as regards the object, if the person believes he
or she is capable to manage the topic.

e Behavioural: the person’s inclination to act toward the attitude object in a particular
way, for example, to use the topic to solve a problem or to study more deeply the
topic.

e Value: appreciation of the usefulness, relevance and worth of the topic in personal or
professional life.

Beliefs are psychologically held premises or propositions about the world that are
thought to be true [34]. There are varied beliefs about a subject, which can refer to the
topic itself. A well-known example in the case of correlation is that of illusory correlation
described by Chapman [19, p. 151) as “the report by observers of a correlation between
two classes of events which, in reality, (a) are not correlated, (b) are correlated to a lesser
extent than reported, or (c) are correlated in the opposite direction from that which is
reported”. Another source of difficulty is the mixture of theoretical ideas and personal
conceptions when people apply stochastic reasoning. Independence, for example, can be
defined mathematically or reduced to the multiplicative rule. This definition, however,
neither includes all the causality perceptions that students often relate to independence
nor does it always serve to help decide if independence applies in a particular data set.
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Among the beliefs that influence the motivation towards the topic, Goldin et al. [36]
include interests and preferences, perception of the instrumental nature of the topic, as
well as its relationship with the students’ close or long-term objectives. All these beliefs
are reinforced in a positive way, for the case of statistics, through project work [37].

4 Making Sense of Correlation and Regression

Taking into account the above components, making sense of statistics involve the work
with statistical projects and real data that students can collect themselves of download
from the many data servers available on the Internet. In Batanero and Borovcnik [13]
and Batanero et al. [38], we describe a project based on data taken from the United
Nations web server, where visualization and data analysis is based on simple tools, such
as Excel. The aim of the project “Life expectancy in different countries” is investigate the
relationship between the life expectancy in different countries and different international
indicators of human development. To develop the project students are provided with an
Excel file with the data set, containing data from 9 variables from about 175 countries:

e Life expectancy at birth (years): Number of years a new-born could expect to live if
prevailing patterns of age-specific, mortality rates at the time of birth stay the same
throughout the infant’s life.

e Human Development Index (HDI) value: A composite index measuring average
achievement in three basic dimensions of human development-a long and healthy
life, knowledge and a decent standard of living.

o GDP per capita (2005): Sum of gross value added by all resident producers in the
economy plus any product taxes and minus any subsidies not included in the value of
the products, expressed in international dollars using purchasing power parity rates
and divided by total population during the same period.

o Adolescent fertility rate: Number of births of women aged 15-19 per 1,000 women
of these ages.

e Under-five mortality: Probability of child mortality between birth and exactly aged 5,
expressed per 1,000 live births.

e Expenditure on public health: Current spending from government (central and local)
budgets, external borrowings and grants (including donations from international agen-
cies and nongovernmental organizations), and social (or compulsory) health insurance
funds, expressed as a percentage of GDP.

e HDI education index: takes into account distribution of years of schooling.

e Population, total both sexes (in thousands).

e Population, urban: percentage of total population living in areas classified as urban
according to the criteria used by each area or country.

The activities in the project include: (a) analysing the distribution and the statistical
measures (centre and spread) of the Life expectancy in the set of countries; (b) producing
scatter plots of the bivariate distribution of Life expectancy (response variable) with each
explanatory variables described in the previous paragraphs (see an example in Fig. 1);
(c) using these scatter plots to estimate the strength and sign of correlation for each
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bivariate distribution and ordering the explanatory variables by their power to predict
Life expectancy; (d) Selecting a possible model to fit the data in each scatterplot and
determining the line of best fit for the selected model.

In order to make students explore a variety of relationships with the Life expectancy,
the following criteria were considered in selecting the explanatory variables:

e Strength of correlation: ranging from very strong correlation (Irl = 1) to independence
(r=0).

e Sign of correlation: including both positive and negative correlations, which are harder
to be perceived by the students according to Sdanchez-Cobo et al. [20].

e Model fitting to the data: including linear and nonlinear models.

e Explanation of correlation: we used relationships that may be explained by cause and
effect, as well as interdependence and indirect dependence.

More details about the specific questions, graphs and calculations needed in the
project are given in [13]. This project is useful to achieve the following learning goals:

e Becoming familiar with the concept of distribution, the difference between absolute,
relative and cumulative frequencies and understanding the usefulness of each of these
types of frequencies.

e Making sense of measure of location such as mean, median and mode and being
able to select the most adequate measure for each type of variable and shape of the
distribution.

e Understanding variability in the data and making sense to each different measures of
spread.

e Interpreting covariation and correlation and discriminating different types of correla-
tion (direct, inverse, lineal or no).

e Learning to identify a linear tendency in a scatter plot as well as identify other simple
functions that fit the data when the tendency is not linear.

e Fitting models to bivariate data and understanding the usefulness of the line of best
fit as a summary of a bivariate data.

e Understanding the asymmetric roles of the explanatory and response variables in the
model. Hence, there are two different regression lines that coincide only in case of
perfect linear regression.

The brief summary of this project suggests the many possibilities of expansion by
justincluding other variables or research questions. A project is a simplified investigation
that can be carried out by the students, help improving their attitudes towards the topic
and understand and make sense of the different concepts and procedures we try to
teach them. The computations need to complete the project can be facilitated by the
widely available software. For example, we recently count with the platform CODAP,
a user-friendly statistical software freely available online at https://codap.concord.org/.
Moreover, there is also a simulator available, that help exploring probability problems
and models, as well as many examples of data sets and projects that can be used in the
classrooms.
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5 Implications for the Teaching of Correlation and Regression

Statistics is today taught to almost all students in the different educational levels, but
errors and misinterpretation of statistics published in the media and used in professional
work is pervasive. In this paper we have suggested the need to change the approach in
teaching, by focusing on conceptual understanding and making sense of statistics. The
explanation for the poor learning of statistics is that teachers often forget the nature of
statistics, which was described by Cabria [38] in the following way:

Statistics studies the behaviour of the so-called collective phenomena. It is charac-
terized by information about a collective or universe, which constitutes its material
object; a specific type of reasoning, the statistical method, which is its formal object
and predictions for future involving an uncertain atmosphere, which constitute its
final object or cause [39, p.22].

The nature of statistics requires then to couple its study with that of probability, in
considering settings where chance is present and at the same time should consider both
statistical literacy and reasoning. We also discussed the relevance of context to statistical
literacy; as suggested by Gal [14], most statistical methods emerged from the need to
solve problems in disciplines different from mathematics. It is therefore necessary to
find adequate contexts that serve to make sense of different statistical methods. This is
very easy today given the abundance of real data available on Internet.

Working with statistical projects and investigation is a didactic method recommended
by many statistical educators to better educate statistical literate citizens. There are
many examples of such projects available, since different institutions organize statisti-
cal projects competitions for schools. Some examples are the Best cooperative project
award (http://iase-web.org/islp/) promoted by the International Association for Statisti-
cal Education as a part of the International Statistical Literacy Project or the competition
organized by the Canarias Statistical Office (http://www3.gobiernodecanarias.org/istac/
webescolar/index.php), which also provides didactic materials in its web page.

This project work can be reinforced with other activities, in particular those based
on simulations and microworlds that are easily available on the web. Many resources are
today available to increase statistical literacy and reasoning, for example, those listed at
the Civic-Stat project (http://iase-web.org/islp/pcs).

All of this involve a previous preparation of teachers, since the impact of curricular
changes directly depends on teachers’ willingness and interest in teaching the given
topic. Because of a routine learning when they were students some teachers may not
value statistics, feel scared with the idea or introducing statistical projects in the class-
room or consider themselves not well prepared to teach statistics with this approach
[40]. Souza et al. [41] indicate that teachers may not be aware of the possibilities that
statistical projects offer or the way they can be used to make sense of reality. According
to McGilliwray and Pereira-Mendoza [37], the use of data investigation projects is ideal
to develop both statistical and didactic knowledge for teachers; therefore, it is important
to immerse teachers in a reasoning and learning environment centred on this type of
work.


http://iase-web.org/islp/
http://www3.gobiernodecanarias.org/istac/webescolar/index.php
http://iase-web.org/islp/pcs

Making Sense of Correlation and Regression 33

We hope this paper help interesting these teachers to work with projects and encour-

age them to reinforce the teaching of statistics in the classrooms in order that all the
students acquire an adequate sense of statistics.
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Abstract. Since the rise of the waves toward artificial intelligence, more and
more countries’ robot education has changed from Robot-Assisted Instruction
(RAI) to Robot-Subject Instruction (RSI). This study mainly compares the differ-
ences between the two teaching methods of RSI using traditional single subject
teaching and STEM cross-disciplinary teaching. Through the data of Unified The-
ory of Acceptance and Use of Technology (UTAUT) and Course Satisfaction, this
study finds out the advantages and disadvantages of STEM integration into RSI.
The results of this study show that the Traditional RSI has a lower learning burden
in the knowledge learning units, so the satisfaction is higher, but the Competition
activities unit at the end of the period is prone to problems, causing a decline in sat-
isfaction, while the STEM-based RSI students are the opposite, and the validation
of students’ positive attitude towards STEM model learning after participating in
robotics activities.

Keywords: Robot Subject Instruction - STEM education - Unified Theory of
Acceptance and Use of Technology

1 Introduction

In the new 12-years basic education curricula in Taiwan, a new field of technology has
been added, and a course called “Robotics Project” has been developed in this field.
It means that Taiwan’s robot education has changed from Robot-Assisted Instruction
(RAI) to Robot-Subject Instruction (RSI). The course focuses on developing student
competencies including programming, data access and computing, electromechanical
integration, computational thinking and design thinking. This study conducted a two-
year lead study before the start of the new RSI. The first year of RSI used traditional
teaching, meaning that the course taught only the hardware and software operations of the
robot, and then began using the STEM-based RSI in the second year. The research tools
section of this study used a unified theory of acceptance and use of technology (UTAUT)
and course satisfaction to compare the differences between the two teaching methods.
The results of the study can be used as a reference for future RSI schools. The overarching
research question for this study is “To find out the advantages and disadvantages of STEM
integration into RSI”. To focus the study, this overarching question is divided into the
following three sub-questions:
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RQI1. What is the difference in UTAUT Questionnaires between traditional RSI and
STEM-based RSI?

RQ2. What is the difference between the pre-test and post-test of the UTAUT
questionnaire for implementing STEM-based RSI?

RQ3. What is the difference in Course Satisfaction between traditional RSI and STEM-
based RSI?

2 Literature Review

2.1 Robot Subject Instruction, RSI

With the advent of artificial intelligence, the application of robots in education has
become more diverse. Qi, Dong, Chen, Qi, and Okawa proposed such as “Robot Subject
Instruction (RSI)”, “Robot-Assisted Instruction (RAI)” and “Robot-Managed Instruc-
tion (RMI)” [1]. Dr. Fridin suggests that robots are developmental and potential educa-
tional tools with broad appeal and learning relevance [2]. Chalmers proposed that the
educational robot interface design has an intuitive visual effect, which helps students
to learn programming at the teaching site [3], but the biggest bottleneck of the existing
curriculum is the lack of specific teacher training [4]. The use of educational robots in
both formal and informal learning can effectively build students’ critical thinking and
problem-solving skills and improve the study of mathematics and science. [5-7], Nag,
Katz, and Saenz-Otero mentioned that robotics courses combined with competitions
even helped students to cross-domain learning in STEM (science, technology, engineer-
ing, mathematics) Education [8], Kim and Kim used robotics in Korea for STEAM
(STEM+ART) and Coding Education [9].

2.2 Unified Theory of Acceptance and Use of Technology, UTAUT

The UTAUT model was used to evaluate human-machine interaction evaluation using
Humanoid robot (Nao Robot) in educational environment [10], UTAUT model comes
from the Technology Acceptance Model (TAM) proposed by Davis [11]. The TAM
has two major determinants are “Perceived Usefulness” and ‘“Perceived Ease of Use”.
Perceived Usefulness means that the user’s operation of a specific application or system
will improve the performance or learning of the individual, while another Perceived
Ease of Use refers to the user’s learning to use the operating application or the ease of
the system. The UTAUT model through the past research on “users accepting behaviors
in technology”, and this model found that predicting and interpreting users’ access to
information technology has more than 70% explanatory power [12]. Therefore, most
of the follow-up studies will omit attitudes. The facets and Moderators of UTAUT as
follows:

Performance Expectancy (PE), PE as the extent to which users believe that using the
system will help improve or improve job performance. PE is affected by three moderators
such as Gender, Age, and Experience, which affects male more obvious.

Effort Expectancy (EE), EE as the extent to which users can easily manipulate new
technologies, systems, and applications. For example, the user interface of the IT device
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and the design of the operating system will affect the user’s information technology
acceptance. EE is affected by three moderators such as Gender, Age and Experience,
which affects female more obvious, but EE will decrease with the growth of experience.

Social Influence (SI), SI as the extent to which the user feels that the existing organi-
zation believes that the user should use this new technology and system to what extent.
Sl is affected by four moderators such as Gender, Age, Experience and Voluntariness of
Use, which affects female more obvious, but SI will decrease with the growth of expe-
rience. SI will directly affect the intent of the user to use the new technology, coupled
with Ahmad and Love research indicates that lecture incentives can help them adapt to
the new technology to learn [13]. In this study, SI was defined as the use of robots for
students to be recommended by teachers. Students also believe that it is feasible to use
robots to learn.

Facilitating Conditions (FC), FC as the extent to which users believe that existing
organizations support users in using new technologies and systems. FC is affected by
two moderators such as Age and Experience, which affects older workers more obvious
and increasing as experience increases. Since the quality of RSI equipment provided by
the school will affect the students’ learning behavior and willingness, FC is defined in
this study as the degree to which students assessed the school’s support for the RSI by
equipment quality.

Behavioral Intention (BI) was originally proposed by Fishbein and Ajen [14] and is
defined as the degree of personal willingness of users to participate in certain behaviors.
However, in this study, behavioral intentions were defined as students’ willingness to
continue to support RSI in the future or would like to further recommend RSI to others.

Since RS is an open innovation course, users with a high degree of Personal Innova-
tion are more likely to develop new technologies [13], and personal innovations in new
information technologies will positively influence the adoption behavior [15], so this
study adds the “Personal Innovation” proposed by Agarwal and Prasad to investigate the
willingness of users to accept and use new technologies [16].

Based on the above, this UTAUT model will explore the changes of the six items
including Performance Expectancy, Effort Expectancy, Social Influence, Facilitating
Conditions, Behavioral Intention, and Personal Innovation.

3 Methodology

In the first year of the study, RSI carried out traditional teaching (only teaching software
and hardware operations). In the second year, STEM was integrated into RSI. After
completing the six-unit course, Course Satisfaction and Traditional UTAUT question-
naire were performed, only in the second. The experiment of the year was added to
the “UTAUT-based Expectation situation questionnaire” for pre- and post-test analysis
(Fig. 1).

As shown in Fig. 1, the RSI course has six units including Servo motor control,
Infrared sensing module, Bluetooth communication module, Ultrasonic sensing mod-
ule, Line following control, and Bluetooth control self-propelled obstacle avoidance con-
trol. The Course Satisfaction has four dimensions including Course Content, Teaching
Activity, Learning Outcome, and Learning Attitude. The UTAUT questionnaire and the
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Fig. 1. Research architecture diagram

UTAUT-based Expectation situation questionnaire have six items including Performance
Expectancy, Effort Expectancy, Social Influence, Facilitating Conditions, Behavioral
Intention, and Personal Innovation.

3.1 Participants

In this study, two consecutives 12th grade students in a high school in northern Taiwan
were Participants. The experiment lasted for two years. In the first year, 41 students
participated in the study and 49 students participated in the second year. The two-year
class hours (three hours a week for a total of 18 weeks) and the instructors are the same, the
difference is that the second year of the course has introduced STEM cross-disciplinary
teaching.

3.2 Research Tools

In this study, the robot uses Explore Board as the main controller, control software for the
InnoBASIC ™ Workshop, this software platform provides students to write programs,
functional testing, to download code to the robot.

3.3 Research Framework

The RSI contains the following six units, as explained below:

Unit 1. Servo motor control: After explaining through the teacher’s instructions, the
student programmatically controls the robot to move forward, backward, turn left, and
turn right.

Unit 2. Infrared sensing module: After the teacher explained the working principle
of the infrared sensor, the student programmed to control the robot to walk along the
black line.
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Unit 3. Bluetooth communication module: After the teacher explained the working
principle of the Bluetooth communication module, the student programmed to control
the robot by the mobile APP.

Unit 4. Ultrasonic sensing module: After the teacher explained the working principle
of the ultrasonic sensor, the student programmed to control the robot to detect the distance
of the obstacle and return the data to the computer.

Unit 5. Line following control (Competition activities I): In this unit, students must
use the Bluetooth device of the mobile phone to control the robot to follow the line from
the starting point to the end point.

Unit 6. Bluetooth control self-propelled obstacle avoidance control (Competition
activities II): In this unit, students must use the Bluetooth device of the mobile phone
to control the robot to automatically avoid obstacles and get out of the maze with the
ultrasonic sensor.

3.4 STEM-Based RSI

The learning contents of STEM-based RSI are divided into four items according to
science, technology, engineering, and mathematics in every unit.

In Unit 1 Science content includes Fleming’s Left-Hand Rule, Amperes right-hand
rule, and DC motor principle. Technology content includes Servo motor installation set-
tings and fine-tuning. Engineering content includes Servo motor drive circuit production
and application. Mathematics content includes Calculate the Pulse Width Modulation
(PWM) parameter of the servo motor.

In Unit 2 Science content includes Infrared frequency range, Infrared sensor transmit-
ting and receiving principle, and Optical principle. Technology content includes Infrared
sensor installation settings and fine-tuning. Engineering content includes Infrared
sensing circuit production and application. Mathematics content includes Infrared
measurement signal operation.

In Unit 3 Science content includes Bluetooth communication principle. Technology
content includes Bluetooth communication module installation and setting. Engineering
content includes Bluetooth communication module circuit production and application.
Mathematics content includes Bluetooth communication data transmission conversion,
ASCII code conversion.

In Unit 4 Science content includes Ultrasonic frequency range, Ultrasonic transmit-
ting and receiving sensing principle, and Doppler effect. Technology content includes
Ultrasonic sensing installation settings and fine-tuning. Engineering content includes
Ultrasonic sensing circuit production and application. Mathematics content includes
Ultrasonic echo back signal calculation.

In Unit 5 Science content includes the Integration of Science application unit 1-4.
Technology content includes the Integration of Technology application units 1-4. Engi-
neering content includes the Integration of Engineering application units 1-4. Mathemat-
ics content includes the Integration of mathematical application units 1-4.

In Unit 6 Science content includes the Integration of Science application unit 1-4.
Technology content includes the Integration of Technology application units 1-4. Engi-
neering content includes the Integration of Engineering application units 1-4. Mathemat-
ics content includes the Integration of mathematical application units 1-4.
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3.5 UTAUT Questionnaire

The questionnaire was revised to the original UTAUT and adopted a five-point Likert
scale according to 5, 4, 3, 2, 1 score. The content of the questionnaire is divided into two
parts. The first part is translated and modified [17] There are 4 questions for students
to assess their current status, and the second part is a study modified from Milosevic,
Zivkovié, Manasijevi¢ and Nikoli¢ [18]. The questionnaire topics of pre-tests used “I
expect” means expectation situation and the questionnaire topics of post-test used “I
think”™, there are six facets such as:

“Performance Expectancy” includes PE1. I expect/think that using a robot teaching
module would help me learn robots; PE2. I expect/think that using the robot teaching
module will allow me to complete the homework that the teacher has explained; PE3.
I expect/think that using the robot teaching module can speed up my learning; PE4. 1
expect/think that using the robot teaching module can improve the cooperation between
me and my classmates.

The “Effort Expectancy” includes EE1. I expect/think that I will find a flexible and
easy to use robot teaching module to learn; EE2. I expect/think that it is not difficult
to learn to operate the robot teaching module; EE3. I expect/think that using the robot
teaching module to learn interactively will be clearer and easier to understand.

“Social Influence” includes SI1. I expect/think that the teacher recommended me
to use the robot teaching module, I will use the robot teaching module to learn; SI2. I
expect/think that if the teacher assists me in using the robot teaching module, I will use
the robot teaching module to learn.

“Facilitating Conditions” includes FC1. I anticipate/consider the learning system
using the robot teaching module, and the quality of its service repairs is very important;
FC2. T anticipate/consider that the use of robotic teaching modules in the course is
accurate and reliable; FC3. I anticipate/believe that the best place to learn using the
robotics module in the course is to make it easier to practice the internship; FC4. 1
anticipate/believe that the best thing about learning a robotic module in a course is that
writing a course is easier.

“Behavioral Intention” includes BII. I anticipate/plan to use the robotics teaching
module in my field of study in the future; BI2. I expect/think that I will use the robot
teaching module to learn in the course of learning-related robotics; BI3. I expect/think
that I will enjoy using the robot teaching module to learn in the relevant robot course in
the future; BI4. I expect/think that I would recommend other people (including younger
siblings) to use the robot teaching module to learn.

“Personal Innovation” includes PI1. I expect/think that I like to try new technology
products; PI2. I expect/think that when I heard a new technology, I would like to try it
out.

There were 19 high school students who did not participate in the experiment con-
ducted a reliability test to obtain high reliability of Cronbach’s o value of .980, which
proves the feasibility of the questionnaire.

3.6 Course Satisfaction

This questionnaire is mainly to explore the satisfaction of students after each PSI unit
and adopted a five-point Likert scale according to 5, 4, 3, 2, and 1 score. The Course
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Satisfaction has four dimensions including Course Content, Teaching Activity, Learning
Outcome, and Learning Attitude. The questionnaire was tested by the 19 high school
students who did not participate in the experiment. The reliability test showed that
Cronbach’s a value was .979, which proved the feasibility of the questionnaire.

4 Experiment Results

4.1 UTAUT Questionnaire Results

As shown in Fig. 2 that the average curves of the UTAUT experiment results of Traditional
RST and STEM-based RSI are very similar. The similarities are that both scored low on
both Effort Expectancy and Behavioral Intention, indicating that some students feel that
RST still has some difficulty and does not want to recommend it to others.

46 4.56
Y, I |- T 4.41 .-~" 439
W20 === 133
414 ALE——— 494 314
TT8.99 —3.99
Performance Effort Social Influence Facilitating Behavioral Personal
Expectancy Expectancy Conditions Intention Innovation

- -Traditional RSI - —STEM-based RSI

Fig. 2. The UTAUT experiment results of traditional RSI and STEM-based RSI

4.2 The UTAUT Pre-test and Post-test of the STEM-Based RSI

From Table 1, it can be found that the students have significant differences in the Per-
formance Expectancy and Behavioral Intention (*p < .05) through the paired samples
t-test. However, the three sub-items Effort Expectancy, Social Influence, and Facilitat-
ing Conditions More significant difference (**p < .01). This means that students feel
better than expected for the “STEM-based RSI” arrangement, and there is no significant
difference in their own “Personal Innovation” because it is always high.

4.3 Course Satisfaction Results

It can be seen from the average curve of Figs. 3 and 4 that although the first three units
Course Satisfaction results of STEM-based RSI are not as high as that of the Traditional
RSI, the satisfaction of the last two competition activities units has steadily increased,
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Table 1. The paired samples t-test of STEM-based RSI

Item Pre-test Post-test
M |SD |M |SD
Performance expectancy | 3.81 | 0.769 | 4.14 | 0.584 | 2.691*
Effort expectancy 3.61[0.716 | 3.99 | 0.567 | 3.481**
Social influence 3.85[0.7514.18 | 0.61 |2.714%**
Facilitating conditions | 3.85|0.694 | 4.14 | 0.508 | 2.783**
Behavioral intention 3.76 1 0.735 | 3.99 | 0.555 | 2.200*
Personal innovation 4.1910.749 | 4.39 | 0.637 | 1.839

*p < .05 **p < .01
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Fig. 3. The course satisfaction results of traditional RSI

but the Traditional RSI has declined. This result shows that the students of Traditional
RST have high satisfaction in each of the above four units because they only need to
complete the learning of software and hardware. However, when the last two units
need to use cross-domain knowledge to solve problems, they have learning difficulties.
In contrast, STEM-based RSI is students feel very burdensome because each unit is
integrated into science, technology, engineering, and mathematics, but in the last two
competition activities units, they can use what they have learned to achieve satisfactory
results. This result is similar to other studies, verifying that students have a positive
attitude towards STEM model learning after participating in robotics activities [19]. In
addition, if the participation in international competitions (such as Robo Cup Junior) is
set as the goal of STEM courses, students will learn to solve complex problems through
logical thinking in a teamwork manner [20].
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Fig. 4. The course satisfaction results of STEM-based RSI

5 Discussion and Conclusions

This study mainly compares the differences between the two methods of Robot-Subject
Instruction (RSI) using traditional single subject teaching and STEM cross-disciplinary
teaching. Through the UTAUT Questionnaire data, the study found that the six sub-item
curves of the Traditional RST and STEM-based RSI UTAUT are close, indicating that
students have similar views on the acceptance of the two RSIs. The students’ scores
of the five sub-items (Performance Expectancy, Effort Expectancy, Social Influence,
Facilitating Conditions, Behavioral Intention, Personal Innovation) of the STEM-based
RST UTAUT are significantly higher than the pre-tests, which means that the students’
acceptance after class is significantly higher than the previous expectations of the course.
Finally, in the Course Satisfaction questionnaire data after six units, we can find that
the satisfaction of STEM-based RSI is low first and then high, and the traditional RSI
is high first and then low. The key factor is that the Traditional RSI has a lower learning
burden in the first four units, so the satisfaction is higher, but the Competition activities
unit at the end of the period is prone to problems, causing a decline in satisfaction, while
the STEM-based RSI students are the opposite. Taking the last unit as an example, the
maze competition must promote systematic thinking and creativity through the logic of
problem-solving. As the research results of [21], the learning process of STEM helps
students control robots to complete tasks with more complex programming decisions
and there is even a chance to promote the robot to other subjects such as informatics,
mathematics, and physics [22, 23]. In addition, it is suggested that designing several
competition units in the STEM-based RSI can increase students’ teamwork and gain
hands-on ability. Therefore, schools that are ready to promote RSI in the future can
consider whether to use STEM-based RSI based on the analysis of this study.
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Abstract. Inanenvironment disrupted by technology, critical thinking is a crucial
215t Century Skill that allows learners to stay intact when any number of organi-
zations (corporate, political, educational and cultural) try to influence readers to
think and act in ways that serve their purposes [1]. It has also been emphasized in
the ATC21S [2] project as one of the desired outcomes under ‘Ways of thinking’.
In this paper, we aim to share about how Design Based Research and DDMT teach-
ing model can shape a chemistry lesson on water for Grade 5 learners. The lessons
will be shaped towards guiding the learners in understanding acidity/alkalinity as
required by the national curriculum and also seek to provide an insight into how
young learners showcase development of critical thinking in the learning process.

Keywords: Critical thinking - STEAM Education - Tsing Hua STEAM School -
DDMT teaching model

1 Introduction

With the arrival of Industry 4.0, skills are gradually superseding knowledge as the number
one criterion for work employment. While teaching of content is still much emphasized
by many educators, the emergence of new technology has presented educators with
a need to re-evaluate their teaching and assessment practices [3]. Young learners are
redefining their learning styles and expectations; they want content to be delivered with
more interactivity. Another challenge that educators faced is the integration of skills
into the learning of content. Established and forwardlooking institutions such as OCED
[4] and World Economic Forum have emphasized the importance of new skills critical
for the young learners to be equipped before they can be work ready [5]. Program for
International Student Assessment (PISA), a global academic benchmark will shift the
test focus from reading, mathematics and science towards skills [6].

With skills becoming more important, STEM/STEAM Education has claimed num-
ber one spot for education innovation. Many educational companies are promoting Com-
puter Science and Robotics as STEM/STEAM Education at major Educational Tech-
nology conferences such as ISTE and BETT, even big technology conglomerates such
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as Microsoft, Google and Apple are jumping onto the bandwagon with programs and
applications regarding STEM Education. Yet, with all these external supports, a pressing
question for educators is what is “STEAM Education” and how does it affect the way
educators integrate into the Teaching and Learning process.

2 Related Work

2.1 Tsing Hua STEAM School

Tsing Hua STEAM school is an alliance of K-12 schools in Taiwan with the common
vision of “Quality STEAM Education for All Learners”. It has been advocated and
promoted by Prof Tzu-Hua Wang and Prof Chi-Hui Lin since 2018. Educators on board
the program aspire to write a STEAM curriculum based on solving daily issues revolving
around the learners. Teachers teaching different disciplines are encouraged to partake
in this program; but our goal is not about an inter-disciplinary project design, but rather
a collaborative process of developing a learning process measuring not just academic
content but also competencies [7]. The program started with 40 schools in one county
but has since expanded to 80 schools from 3 countries.

There are numerous important elements in this program. The first element is con-
structivism. Constructivism is not a specific pedagogy, but rather a learning theory which
suggests that humans construct knowledge and meaning from their experiences [8]. In
addition, we believed that cognition is not located only located within the individual
thinker but is a process that is distributed across the knower, environment in which
knowing occurs and the activity in which the learner participates [9]. In today’s class-
rooms, it is not uncommon to find many learners bored and disengaged from having to
sit through long periods of lecture. One big reason is learners come into the classrooms
with enormous amounts of knowledge. Yet many teachers ‘ignored’ the prior knowl-
edge of these learners and proceed to teach them content as per required by Ministry
of Education. Hence, in the process of designing curriculum, teachers need to role-play
both the roles of a learner and a facilitator as they imagine how their activities would
pan out in an actual classroom based on the prior knowledge of their learners entering
the classroom. The teachers would need to develop excellent facilitating abilities to help
learners ‘connect the dots’ (within their brain), help them see the relevance of their prior
knowledge and how it is related to the curriculum requirement. This process would also
require teacher facilitators to be fully prepared for class in order to help learners level
up from the different ‘entry levels’ of the learners, a term we described as educational
equity.

The second important element is empathy. For learners to better appreciate the
problem-solving processes, it is important to begin with issues which learners can relate
to in their lives. Empathy is also an important ingredient that distinguishes humans from
robots. Humans who are empathetic can better understand the problems, indirectly lead-
ing to better problem-solving skills. At this point, technology should then be introduced
to reinforce learners with the notion that technological solutions are built upon the ideas
that humans have driven by empathy. This element will be elaborated in greater details
in the following section under the ‘Discover’ and ‘Model and Modelling’ phases.
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The third element is inquiry. Inquiry is a technique that encourages learners to dis-
cover or construct information by themselves instead of having teachers directly reveal
the information [10]. Since the turn of the century, Science educators have repeatedly
emphasized the importance of inquiry in the learning of Science, especially visible
since 1950’s and 60’s [11] and Project 2061: Science for All Americans [12] instead of
memorization and direct instruction [13].

The fourth element is hands-on learning, or maker-education. Digital fabrication and
‘making’ could be a new and major chapter in this process of bringing powerful ideas,
literacies and expressive tools to children [14]. The framework for Making in STEM
Education also showcases many qualities in alignment to 21% Century Skills [15].

Lastly, there is a need to connect the outcomes of the STEAM curriculum to the expec-
tations of the national curriculum. After writing the curriculum and activities intended,
teachers must now seek to find an alignment to what the national curriculum is advo-
cating. This way, the STEAM curriculum would not be viewed as another meaningless
project, but rather a project that complements the learning of content with skills. STEAM
Education should also not be taken as a program heavily dependent on coding.

By practicing STEAM Education, educators would also be practicing the notion of
teachers as ‘agents of change’ as suggested by OECD in their white paper for Education
2030, where change takes precedence in the way Teaching & Learning should evolve
to help learners stay engaged and relevant within the classroom and eventually in work
later on.

2.2 DDMT Teaching Model

The DDMT teaching model was first proposed by Prof Tzu-Hua Wang and Mr Turner
Lam in early 2019. It consists of four phases; ‘Discover’, ‘Define’, ‘Model & Modelling’
and ‘Transfer’ with all four phases revolving around scientific inquiry, design thinking
and maker practice [16]. The DDMT teaching model provides a scaffold for teachers to
develop their competency-based and interdisciplinary STEM/STEAM teaching activities
[7] and has been fine-tuned by the academic team of “Tsing Hua STEAM School”
through the development of STEAM courses.

Discover

This phase requires learners to tap on their daily life experiences and identify problems
based on their observation and empathy. This is done through 3 steps: Context awareness,
Motivation and Core problem. During Context awareness, we set a boundary for learners
to identify problems revolving around their lives. This way, the learners would be more
motivated to brainstorm for solutions as they can better resonate with the problems. As
the learners provide countless problems during brainstorming, we want the teacher to
focus back on the core problem that aligns to the national curriculum for content learning.
This may lead to a situation where learners feel that facilitators have a pre-conceived
problem to solve. At this stage, the facilitator must explain to the learners that a good
solution constitutes solving many different ‘small problems’. No problem is prioritized
to achieve a good solution, but rather the problem to be solved at that stage is dependent
on the content to be learnt as stipulated by the national guidelines.
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Define

In this phase, the learners must begin to undergo problem definition. The defined problem
must be supported by collected or measured data. This portion strongly corelates to the
Science and Mathematics theme. Based on their defined problem, learners must design
experiments to gather data to support their hypothesis. The learners should also learn
to identify variables and constants in testing their hypothesis. Technology becomes an
enabler in this process as learners search the internet for information, present their
findings, create graphs or questionnaires. Once they have concrete evidence to support
their hypothesis, the learners must conceptualize a solution for their defined problem.
Here, the teacher also plays an important role as he/she facilitates the learning of concept
aligned to the solutions proposed by the learners.

Model and Modelling

The third phase is mainly the prototyping stage. In the design of a solution, each group
would propose a viable problem-solving model (i.e., a plan containing words, diagrams,
legends, equations, etc.) aligned to the concept identified in the Define phase. Apart
from a theoretical model, the learners can construct a working prototype to demonstrate
the viability of their model. Generally, this stage is when learners experience hands-on
learning/making with technology. As the learners experiment with technology writing
algorithm and constructing prototypes, they may encounter unforeseen challenges. A
common challenge could be the program not performing the way it should. This can also
be considered as the debugging stage as the learners must run the simulation and check
for discrepancies between the actual code and their imagination. For many facilitators,
they may not be comfortable leading this stage citing technical incompetence. At Tsing
Hua STEAM school, we propose the use of Micro:Bit as a starting technology due to the
low entry point and high ceiling. We hope that as learners progress through the years,
there is also a learning progression as they skilled upwards in the different technologies;
from block-code to Python and eventually to Big Data.

Transfer

Finally, the last phase would require learners to share their proposed model and final
product. The value-added ness of this DDMT teaching model is also emphasized at this
phase as learners are required to demonstrate their learning through different scenarios.
A basic transfer of knowledge can occur between different subjects around a common
concept (for example addition in Math and addition in Food Science). A higher order
transfer would equip learners to internalize the concepts for use in a different context
(for example traffic congestion due to cars and snow skis). Apart from highlighting
the metacognition development in learners through deeper understanding, this phase
also helps learners to build competencies such as critical thinking, communication and
creativity. Please find below a graphical representation of the DDMT Teaching Model
as seen in Fig. 1.
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Fig. 1. A graphical representation of the DDMT teaching model

2.3 Critical Thinking

Critical thinking has been heavily emphasized as a core 21 Century Skill [17] in recent
years and listed as one of five key learning outcomes [18] and in Assessment and Teaching
of 21CC [2]. Furthermore, white papers by Organization for Economic Co-operation
and Development (OECD) and World Economic Forum (WEF) has identified critical
thinking as pivotal to future employment due to changing nature of jobs caused by
advances in technology [19]. Although critical thinking has been emphasized countless
times by researchers and employers, there has never been a tool that can accurately assess
the critical thinking ability of any learner. On the other hand, there are however many
avenues (technological toys) claiming to teach critical thinking in their curriculum. This
brings to mind an important question: how does one determine critical thinking has been
taught when there is no assessment tool for critical thinking?

Another important challenge brought about by technological advancements is the
presence of fake news. Multiple countries have considered implementing rules to cope
with fake news. Singapore for example has passed a “Protection from Online Falsehoods
and Manipulation bill” (POFMA) to tackle “falsehoods, bots, trolls and fake accounts”
[20]. This yet brings out another argument: What is false news and who determines the
authenticity of the news? [21]. There is even a weekly summary by Yahoo on news which
is not true [22].

Hence, critical thinking is a skill that allows learners to stay intact when any number
of organizations (corporate, political, educational and cultural) try to influence readers
to think and act in ways that serve their purposes [1]. It is equipping learners to reason
and think objectively, using their knowledge and experience. While there have been
increasing efforts to include critical thinking as an education outcome for K-12 learners,
it was more common to find research regarding critical thinking for learners at higher
education. Hence, it is imperative that more research is done at K-12 level in order to
help younger learners develop the ability of critical thinking.
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3 Research Methods

3.1 Design Based Research

Design Based Research [23] is “designing experiments that brings together two critical
pieces in order to guide us to better educational refinement: a design focus and assessment
of critical design elements”. The assessment analysis comprises both qualitative and
quantitative aspects [24].

There are a few differing factors between Design Based Research [23] from conven-
tional design and traditional research. Firstly, when designers receive formative feed-
back, their intuition often leads to changes that may neither be grounded in theory nor be
limited to enable comparative research across time. A big challenge we faced in educa-
tion is the complexity of conditions for success required in effective interventions [25].
Secondly, Design Based Research emphasizes on adapting a design to its local context,
a vital attribute for scaling up a successful innovation in one venue as compared to other
venues with dissimilar characteristics [26].

Design Base Research provides a cycle that promotes the reflective and long-term
foundation upon which research can be undertaken [27]. This process provides a richer
understanding into how K-12 learners can develop critical thinking abilities.

3.2 Participants and Settings

The proposed study was carried out at The Affiliated Experimental Elementary school of
National Tsing Hua University in East Division, Hsinchu City, Taiwan. This locale was
chosen because of the following. Firstly, the school has been appointed as the experi-
mental curriculum school of the national 12-year basic education policy. Furthermore, as
the designated experimental school of National Tsing Hua University, the school serves
as a good test ground for new STEAM initiatives from the university. Secondly, as an
experimental school, conducting the lessons in English should not pose any problems to
the learners. In addition, the stakeholders of the school (principal, directors of research
and academic affairs, parents and learners) are very supportive of this research. The
research studied 24 Grade 5 learners (who had no prior knowledge on acidity and alka-
linity) over a 4.5 h (1.5 h per session) to verify their ability in critical thinking through
DDMT teaching approach in STEAM Education.

4 Results

4.1 Lesson 1: Discover

In lesson 1, learners are given 2 activities to show how much they understood about
water. The intention of this lesson was to look for any prior assumptions the learners
have regarding the availability of water dispensers around them. Activity One was asking
learners to identify the different sources of water around them. The learners are asked
to list as many sources of water they can identify in their everyday lives in groups.
Activity Two required learners to work individually to identify which source of water
identified earlier was drinkable. The learners were also required to list down the reasons
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accounting for sources of water that is not consumable on post-it slips. Each student
will then paste their slips to the teacher for collation. The teacher will then regroup the
answers and lead learners towards the concept of acidity and alkalinity. Although learners
gave many differing answers, this is the portion where the teacher will assume the role
of a facilitator; to help learners navigate their learning towards acidity and alkalinity as
this is the curriculum standards required of Grade 5 learners. For the other options given
by the learners, the facilitator must also help the learners understand that alternative
answers provided will be discussed at a later stage or till the time when learners have
attained the expectations outlined by the curriculum. It could also be used as learning
for higher order thinking at the discretion of the facilitators.

4.2 Lesson 2: Define

In lesson 2, learners were provided with 4 liquids (2 acids and 2 alkalis) and blue and
red litmus papers. Their tasks were to use the litmus paper to check for the acidity and
alkalinity of each liquid. All the learners were able to perform the task successfully.
They were also able to identify that an acid turns blue litmus paper red while an alkali
turns red litmus paper blue.

After completing the tasks, the facilitator checked with the learners if it was enough
to justidentify an acid or an alkali. All learners were able to identify from the experiments
that identifying acids and alkalis with litmus paper is not enough. They wanted to have
a more precise method of distinguishing between strong and weak acids/alkalis. Out of
the 26 learners, 24 of them were able to suggest the use of a universal indicator as a
preferred solution, despite the concept of universal indicator not being in the syllabus.
The facilitator further introduced the concept of universal indicator to the class and
learners were required to repeat the activity. At this point, the learners were comfortable
matching the color obtained from the universal indicator to the pH scale provided. (Do
note that pH is again not in the syllabus requirement).

To further stretch the learners, a question was posed to the learners. If milk has a
pH color corresponding to orange, what can I do to change the final color to green?
Again, the learners were able to display the concept of neutralization by pouring alkali
to ‘dilute’ the acid. The final question was something which was made up on the spot
because of the unanimous answer of ‘universal indicator’. I wanted to test the learners’
understanding of universal indicator [23].

4.3 Lesson 3: Model and Modelling

Based on the tasks in lesson 2, I got learners to write-down the steps undertook in arriving
at the pH of the liquid. The learners were able to identify the processes involved:

Use a clean dropper to prepare a sample of the liquid to be tested into a testtube
Pour a few drops of universal indicator into the sample

Shake the test-tube

Repeat steps 1-3 for another 2 times

Find the average reading

Nk W=
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The aim of lesson 3 was to get learners to design an automated pH monitoring device
using the Micro:Bit. Apart from helping learners realize how technology can improve
efficiency based on their thought processes, I also wanted to build upon the notion of
STEAM Education mentioned earlier.

At the end of the lesson, learners were given a worksheet to obtain their feedback
on the 3 lessons. The worksheet comprised of the following questions:

How do you feel about the 3 STEAM lessons which has just taken place?

Which aspect of the lessons did you enjoy? Which areas did you least enjoy?
Detergent can turn red litmus paper blue. Is detergent acidic or alkali?

When using a universal indicator, the obtained result is 2.5. Would you consider this
value acidic or alkali?

What do you think are the advantages and disadvantages of litmus paper?

What do you think are the advantages and disadvantages of using a pH scale?

Do you think learning the Micro:Bit was useful? In which areas was it useful?
Which other aspects would you like to learn more about the Micro:Bit?

The average pH level of human blood lies between 7.35—7.45. It is considered slightly
alkaline, thus drinking slightly acidic liquids aids in promoting wellness. It is com-
mon to find many mineral water suppliers promoting their water as slightly acidic. If
you are tasked with the responsibility to measure pH, which method (litmus paper,
universal indicator or Micro:Bit) would you choose?

Ll

A A

4.4 Feedback Results

From the worksheet feedback, all 24 students expressed greater joy in learning acidity
and alkalinity using STEAM approach [28] to learn in Question 1. Figure 2 shows the
response of the learners, where the value of ‘1’ corresponds to liking the lesson very
much and ‘5’ hating the lesson. For Question 2, as shown in Fig. 3, the learners preferred
performing experiments to attending theory classes. Hands-on learning [14] is one of
the core elements of Tsing Hua STEAM School.

Another important element is the alignment of STEAM activities to the national
curriculum. As mentioned earlier, the expectations was to measure if the learners were
able to identify acidity and alkalinity. Figures 4 and 5 showed that learners were able to

1. How do you feel about about the 3 STEAM 2. Which aspects of the lesson do you like?
lessons? 18
12 16

12
10

8
8
6
6
2
: [ —
o
1 2 3 4
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Performing Eating Using Computer Discussion
5 experiments

Fig. 2. Learners response to Question 1 Fig. 3. Learners response to Question 2
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3. Is detergent acidic or alkali? 4. When using a universal indicator, the
30 obtained result is 2.5. Would you consider this
value acidic or alkali?

Acidic Alkali Acidic Alkali

Fig. 4. Learners response to Question 3 Fig. 5. Learners response to Question 4

answer questions 3 and 4 correctly; indicating that content has been learned while they
were engaging in activities.

For Question 5, 13 students were able to list all advantages and disadvantages of
litmus paper versus universal indicator, demonstrating critical thinking in the ability to
distinguish why using universal indicator is better than litmus paper. For Question 9, only
one student suggested using the Micro:Bit. This learner pointed out that since the steps
to determine acidity is repeated for different liquids, we should leverage on technology
to automate the process, saving time and effort.

5 Further Considerations

Although the research was able to bring out evidences of critical thinking in Grade 5
learners, improvements could be applied to further improvements to the study. Firstly,
we over-estimated the amount of time needed for the learners to learn the Micro:Bit.
While many of the learners could appreciate the efficiency of algorithm, they needed
more time to apply technology for the ‘Transfer’ phase. Owing to the lack of time and
computers, many learners were stuck at the ‘Model & Modelling’ phase. While learners
demonstrated great interest in learning technology, the allocated time of 45 min was not
enough for the learners to integrate, apply and transfer the knowledge as it was the first
time learners used the Micro:Bit.

Secondly, the lesson was intended to be conducted in Mandarin. However, due to a
clash in schedules, the lesson was conducted partly in Mandarin and partly in English
by a non-native Mandarin speaker. Generally, learners were able to understand the basic
Mandarin used in delivering instructions. Some confusion arose when terminologies
were delivered in English instead although the final survey showed that learners could
deliver the outcomes highlighted at the start of the study, more could be done to make
the data more reliable.

Thirdly, there was a mismatched in expectations in the initial knowledge domain
of the learners. One of the research objectives was to use the DDMT Teaching Model
to design a series of lessons regarding water to Grade 5 learners who had little or no
prior knowledge of the topic. However, the learners came to class fully equipped with
content knowledge. The accompanying teacher later revealed that the learners had learnt
the content previously, so the lesson served as a revision.

For subsequent run, I would structure at least a 8 week lesson with 2 lessons (3 h) of
technology time. Learners would have ample time to learn the basics of the Micro:Bit as
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well as additional sensors. In addition, I would want to have 2 classes for comparison.
For both classes, the learners should not have any prior content knowledge of water and
acidity.

6 Conclusion

From the study, it can be observed that learners thoroughly enjoyed the STEAM
lessons comprising hands-on activities, technology-integration to construct knowledge.
Although there were many impromptu changes brought about through Design Based
research, the use of the DDMT teaching model has provided researchers with an ability
to help learners delve deeper into learning of content which is beyond national curricu-
lum requirements. This approach has also provided researchers with an ability to better
bring out the critical thinking abilities of the learners in a formative way; using activities
and questions to propel learners to explore the limitations of litmus paper and suggest
alternatives to improve its reliability. More importantly, this short study has demonstrated
that it is viable to identify and cultivate critical thinking in Grade 5 learners.
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Abstract. The areas of Science, Technology, Engineering and Mathematics
(STEM) careers, are important areas of knowledge for contemporary society.
Among the basics subjects of these careers is Mathematics, but many young stu-
dents present difficulty to understand basic mathematical concepts. This learning
process is complex and demands a lot of motivation by part of the students. In this
sense, educational games can act as a stimulating helping tool for them. In Brazil,
the levels of proficiency on rational numbers in their fractional representation pre-
sented by students aged between 9 and 12 years, in general, are low. We present
such a game, called Fracpotion, developed as an Open Educational Resource to
teach about fractions to children guided by Didactic Situation theory. This game
has been tested by a group of students in an elementary school at Sdo Paulo city,
Brazil, and the preliminary results were positive.

Keywords: Open educational resources - Open educational games - Fractions -
Didactic situations

1 Introduction

Professions are very important for society so people study and specialize in specific areas
to play roles they like, and think it’s important, in the job market. In this context, the
STEM (Science, Technology, Engineering and Mathematics) careers are become each
time more important for contemporary society [1].

Some of basic skills of STEM careers are on Math, but many young students present
difficult to understand very fundamental Mathematical concepts [2]. If the student present
difficulties in fundamentals of Mathematics still in his childhood or youth and choose to
avoid of Mathematics and similar areas, probably they will be increasingly unmotivated
through the years and will also avoid STEM careers in the future.

If we want to prepare our children and teenagers to have possibilities of work in future
STEM careers, we should offer more didactical and motivational tools and challenges
to them. According to [3] we should not to force young students to learn with same
methods their grandparents have been exposed to, because traditional school learning
based on predefined sequential curricula cannot completely meet requirements for the
21stcentury children, so modern tools (like digital games, for example) should be applied
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to complement and demand a big amount of motivation by students. Thus, naturally
motivating tools like educational games can be interesting as vectors of stimuli for
students [1].

Mathematics has many sub-topics that makes impossible to develop a digital game
to cover all subjects once, so it is appropriate to select a specific topic to guide the design
and application of educational game.

In Brazil the mean level of proficiency in Mathematics, in general, presented by
students aged between 9 and 12 years, is low; this situation is more serious when they
comes to learn some topics that are not common in their daily activities, like rational
numbers in their fractional representation. Different from its neighbors in Latin America,
in Brazilian culture the fractional representation is not a commonplace — even Y2 is often
represented in its decimal form (0,5 — with comma).

The learning of fractions is a complex process for students; difficulties can arise when
students try to apply the properties of natural numbers to fractions, without understanding
the differences between the two sets [4].

[5] claims that fractional numbers are avoided by students, because they do not like
it or do not feel familiar with it. [6] clarify that when students are encouraged to solve
problems using acquired knowledge and able in their daily activities and with symbolic
representations, they can gradually evolve and use the daily knowledge to solve more
complex problems and learn new skills, but it is not the case to fractional representations
in Brazil’s culture.

On the other hand, digital games are each more common in the daily activities of the
young people, including students, so the development of a game about fractions would
be of great value to complement the learning of this topic, especially if the game offers
some facility of adaptation by teachers. Therefore, in this paper we present an Open
Educational Game [7] called FracPotion to help students about fractions. The game was
applied to 18 students of an elementary school at Sdo Paulo, Brazil, and the results were
positive.

The paper is organized as follows: Sect. 2 describes the panorama and difficulties in
teaching fractions in Brazil; Sect. 3 explains Guy Brousseau’s theory of Didactic Situa-
tions; Sect. 4 demonstrates an overview of educational games for mathematics teaching;
the fifth section presents the proposal of the paper; Sect. 6 presents the experiment and
results, and Sect. 7 completes the paper.

2 The Brazilian Reality on Learning of Fractions

This section will describe the panorama about learning fractions at elementary schools
since 1980s to 2015, according some important national and international educational
assessments; and will show some difficulties in teaching fractions.

2.1 Panorama According Important Educational Assessments

According to [8], among 1980s and 1990s, official assessment reports, such as the
National Basic Education Assessment System (SAEB), the Programme for International
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Student Assessment (PISA) and the National Student Performance Exam (ENADE), con-
firm the consensus pointed out in Brazilian and international studies on the difficulties
of students and teachers in dealing with the concept of rational number.

The SAEB of 2001 [9] reveals that only 35% of Brazilians students were able to
solve simple problems involving fractions; many of those that failed had problems with
the part-whole relation, which is considered the most basic concept in this topic. The
Sao Paulo State Performance Assessment System (SARESP) in 2005 [10] revealed that
only 37% of students answered simple questions regarding such a topic. The results of
the PISA (2012) [11] showed that two out of three students do not know how to work
with simple operations involving fractions.

A survey recently conducted by the International Student Assessment Program in
(2015) [12] showed a drop in scores in the three areas assessed: Science, Reading, and
Math. The drop in scores also reflected Brazil’s drop in the world ranking: the country
ranked 63rd in science, 59th in reading and 66th in Mathematics. The Fig. 1 shows the
results of proficiency in Sciences, Reading and Mathematics of the Brazilian students
in elementary schools, according to OCDE and PISA 2015 [12].

PISA - Basic Level:
Percentage of Brazilian students below basic proficiency level
Mathematics
Reading
Sciences
0 10 20 30 40 50 60 70 80

Fig. 1. Results of proficiency in Sciences, Reading and Mathematics of the Brazilian students in
elementary schools, evaluated by OCDE and PISA 2015 (Source: adapted of [1]).

As we can see in Fig. 1, of the three areas evaluated in the assessment the Mathematic
is the area with the worst performance of the Brazilian students.

2.2 Difficulties in Learning and Teaching Fractions

The teaching and learn of fractions is one of the most difficult areas in elementary school
mathematics; is believed that failure to learn fraction arithmetic hinders children to learn
more advanced math and difficult their success in careers that use math [13].
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Children who have not yet understood fractions generally believe that the properties
of whole numbers are the same for all type numbers [14].

Among children misconceptions of fraction are: fraction equivalence, common
denominators and fractions arithmetic operations.

In the set of natural numbers, each number has a single representation, but when
working with fractions, the same number can be represented by infinite fractions; And
when multiplying a natural number by another natural number (except for the values 0
and 1) the result will be greater than the numbers used in the multiplication, this does
not always happen with the multiplication between fractions [4].

There is a high rate of difficulties presented by students in understanding the concept
of rational number and thinking about multiplication; a survey of 4th to 8th graders of
elementary school showed that even students with good performance in mathematics
generally achieved poor performance on issues with the whole part, quotient and multi-
plier operator in work with fractions; These same students performed well in multiplying
natural numbers [15].

Based on [16] and [8] we found four important aspects to the practice and learning
of fractions [10]:

e First (I), the practical aspect, in which fractions in their different representations
appear, often in several situations related to the expression of measures and quantities
— this fact highlights the need for extension of the set of natural numbers.

e Second (II), the psychological aspect, since working with fractions appears as a privi-
leged opportunity to leverage and expand mental structures necessary for intellectual
development.

e Third (IIT), the mathematical perspective aspect, since it will be precisely the first
studies with the fractions that will ground more complex ideas such as operations.

e Finally (IV), order of numbers in their fractional representations.

We believe that an Educational Game that presents fractions and give player the
task of reorganize and perform arithmetic operations with fractions them can offer
experiences that address the four aspects mentioned by [16] and [8].

As we can see in (I) different representations of number in fractional form should
be presented to the students in a more natural as possible way; in (I) the Brousseau’s
theory of didactic situation can guide the educational game application (because helps
to expand the knowledge and achieve at target knowledge); in (III) and (IV), about the
third and fourth aspect explained by [10], many authors show different approaches to the
mathematical perspective in the teaching of fractions, as examples we can cite, accord-
ing to [12] the focus of mathematical programs should be on fractions as quantities, to
allow students to make a correlation with their previous knowledge of natural numbers as
quantities, and [13] suggests that teachers need to introduce a variety of fractional inter-
pretations for students, as students whose fraction learning was previously focused on
regular fractions of tend to have an impoverished understanding of the rational numbers.

According to [8] young students often process numerator and denominator as two
separated whole numbers, because it is uncommon to them, and it can cause errors like:
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e 1/4 + 1/2 = 2/6, what is incorrect and refers to III; And
e 1/5 > 1/3, refers to ordering the fractional numbers as showed in I'V.

Still according to [8], to overcome these errors young students have to interact with
rational numbers, experiment, modify and compare results to get familiar with fractions
and understand the rational number set as a distinct set of whole number set and accept
that this new set has his own rules and functioning; here we make a relatives with de
Didactic Situation theory by Guy Brousseau and the application of educational games
to teach fractions, because the main idea of Didactic Situation and usage of educational
games is also allows the student experiment, modify and compare results to learn in a
less intimidating and more independent way.

3 Didactic Situation Theory by Guy Brousseau

Guy Brousseau proposed the Didactic Situation theory that consists, basically, of three
elements: knowledge, divided in the knowledge that the student already owns and the
knowledge that student have to learn (the target), teacher and student. These three ele-
ments relate to affect the pedagogical relationship that takes into account professor,
student, knowledge (of the student and of the professor), rules, informations, environ-
ment and the resources (objects of study or tools) [17]. The Fig. 2 illustrates the Didactic
Situation.

Didactic Situation

Informations & Student
Rules

Professor > + Environment
+ Resources

Knowledge

Fig. 2. Brousseau’s Didactic Situation illustration: pedagogical relationship (Source: authors).

In the Didactic Situation theory, the professor must provide favorable situations to
encourage the students, so that students can transform information and data into knowl-
edge. The role of the student is to experiment, observe concepts, construct hypotheses
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and strategies, follow theories, follow rules and build models. The role of knowledge
in the Didactic Situation is to anticipate theory and provide information to guide the
student on their experiments [18].

The Didactic Situation theory defines that the teacher, in order that the student reaches
the knowledge to which he intends to reach, must create didactic situations to motivate
the student to learn the content independently, without intimidation and understanding
the process of building that knowledge.

According Silva, Ferreira and Tozetti [ 19], the teacher must be an educator-researcher
and the student must be a student-researcher; The difference is in the degree and difficulty
of the content that the teacher can research and the problems that the teacher can solve,
being that the teacher is a totally independent researcher (in the subject/discipline in
question) and able to formulate the problems to be solved.

The didactic situation is an activity that must be dosed so that the teacher does not
create challenges for the student, which are too difficult, to the point of discouraging
him, or too easy to the point of compromising the student’s dedication in building his
knowledge, independently.

In the context of the Didactic Situation, an Educational Game fits well, because
a game provides independence to the student, the possibility of experiment actions,
observing and learning from errors, build strategies to meet the challenges of the game
and the game’s own rules can provide theory and information to the Student.

4 Digital Educational Games to Teach and Learn Mathematics

This section will be describes the educational games overview in practical perspective
in the teaching of mathematics; and will show some related works.

4.1 Educational Games Overview and Applications to Teach Mathematics

Today we live in a world that offers many technology tools for children and young
people; usually these young people’s first contact with electronic equipment happens
through Digital Games [3]. These can be defined as engaging, interactive environments
that capture player attention by offering challenges that require increasing levels of
dexterity and skills [20, 21].

Many teachers believe that regardless of whether a digital game has or not some
educational purpose, it could contribute to psychomotor skills, development of analytical
skills and computational skills of the player. This is mainly due to the difficulties faced
during the game, the need to create new strategies (when strategies used before are no
longer good), the pressure to develop strategic thinking, among other common aspects.

Educational games could be effective learning resources, mainly when applied to
courses such as Mathematics or Science, often considered as difficult, abstract courses.
They also have the potential of influencing students’ social and daily life, affecting their
behavior with colleagues [22]. However, many authors — like [23] and [24] suggest
that educational games need more empirical evidence of effectiveness, requiring more
evidences in this field. According to [25] the research field of educational games still
has a limited quantity of empirical evidence about the effectiveness of games, especially
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in the domain of Mathematics. Some other works, like [26], bring stimulating results
regarding to the use of digital games in the specific topic of fractions.

4.2 Related Works

Educational games could be effective learning resources, mainly when applied to courses
such as Mathematics or Science, often considered as difficult, abstract courses. They also
have the potential of influencing students’ social and daily life, affecting their behavior
with colleagues [22]. However, many authors —like [23] and [24] suggest that educational
games need more empirical evidence of effectiveness, requiring more evidences in this
field. According to [25] the research field of educational games still has a limited quantity
of empirical evidence about the effectiveness of games, especially in the domain of
Mathematics. Some other works, like [26], bring stimulating results regarding to the use
of digital games in the specific topic of fractions.

In [27], an educational game called “Animo Math” was developed to help 5-7 years
old children to learn Mathematics. The game has five levels with different difficulties,
beginning with calculus that uses only single digit numbers (0-9) to teach/reinforce
addition and subtraction operations; the other levels present more digits and different
difficulties in calculus. In this work, there were expected the following four benefits in
his game:

Make children more interested in positive learning in Mathematics.

Gain more of children’s attention by using cartoon animations and fun sound effects.
Enable children to see the fun of Mathematics.

Parents perceive how to use modern digital technology and computers for children
in mathematical learning.

bl

In [25] an educational game was developed to teach about decimal numbers. In
this game the students are introduced to a group of some fantastic characters that act as
guides to Decimal Point Game and encourage students to play, congratulating them when
they correctly solve problems. The game is composed by several mini-games inside a
kind of Amusement Park. However, the game does not present numbers in factionary
format. After playing a mini-game and correctly solving the problem, the student was
prompted to explain his or her solution, by choosing possible pre-listed explanations
from multiple-choice options available.

5 The Proposal: FracPotion Educational Game

FracPotion is a 2D educational game that was created for elementary school students.
It is expected to evaluate whether students find the game funny and whether they can
better identify, practice and understand educational content about fractions.

For the game to be better accepted by students, a narrative was created that justified
the need to work with fractions in the game. In this sense, a wizard is proposed as a
character since he employs fractions to combine potion ingredients that allow player to
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have progress in the game, when potions are properly created with the correct fractional
quantity calculations. The background history to support the narrative follows:

“The game takes place in a kingdom called Camelot, ruled by Arthur. This kingdom
is being threatened by a wicked witch named Morgana who, along with an army of
wizards is heading toward Camelot to defeat Arthur and rule over humanity, but with
the help of Merlin and his apprentice Arthur intends to defeat her with Magic potions.

For the creation of potions, it is necessary to define the right dose that is in the form
of fraction and thus create the potion to defeat Morgana and save the kingdom from
destruction.”

5.1 The Open Digital Educational Game Overview

The game FracPotion is a simple adaptation of the classic history of King Arthur and his
knights, where to defeat the villain Morgana, the player (as an apprentice) will have to
hit the right amount of ingredients to complete the potion represented by fractions. This
kernel of the game is explained (in Portuguese) on screen of game illustrated in Fig. 3.

O Fnigima das Po@e

Fig. 3. Game title screen with options; Play, Instructions, About and Exit (Source: the authors)

Players are not punished for their mistakes; they only earn stars according to the
number of attempts they used to reach the required amount of ingredient that was thrown
into the cauldron. Figure 4 is an exhibition of the first level of the game. Contains a
question the player must answer to complete the potion. In Fig. 4 we can see the score
markers, error markers and the elapsed time. The character is the wizard in the lower
right corner of the screen and the alternatives A, B, C and D are the possibilities to
complete the potion in the cauldron.
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Fig. 4. Screenshot of gameplay at first level of the FracPotion game (Source: [1])

It must be noted that, even though the game was conceived in Portuguese language, it
can be easily translated to any other language, as well as it is possible to modify most of
its aspects, given that it was designed as an Open Educational Resource Source code is
available (https://github.com/josivanSilvaCodes/FracProc) and is made available under
open source license.

5.2 Design and Development of the Game

The Game uses a 2D view and was developed in JavaScript and WebGL to facilitate
the visual work that forms the look-and-feel of the game. Game’s target audience is
composed by students who want to discover or review contents about basic fractions.

Cocos2D-x is a multi-platform framework for developing games and graphic appli-
cations [22] — the “x” letter in the name of the framework means that it can be changed
by one between several languages supported; in our case, the chosen language was
JavaScript (JS). This framework is a branch of another framework with a similar name
called Cocos2D, which is focused on development for Apple devices running the IOS
operating system. The big advantage of Cocos2D-x was to bring improvements to the
then Cocos2D:

e It has a simple but also very powerful phase creator.

e Accessible through all major operating systems.

e Make it possible to publish games, for various platforms such as Windows, Mac OS,
Linux, Android, iOS and also to the Web, in any HTMLS5-supported browser.
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e Possibility to create your applications through various programming languages, such
as C++, Lua, JavaScript, Objective-C, Swift, C#. Figure 5 exposes de Cocos2D-x
framework used in this paper.

cC
Director

Currently running scene

Y

Gameplay
Scene
/ Y \
Background Main Controls
Layer Layer Layer

AR B AN

Sprite Sprite| |[Sprite Label | [Sprite

Fig. 5. Cocos2D framework hierarchy (Source: [1])

The Fig. 5 illustrates the Cocos2D framework hierarchy, the concept evolve a hole of
Director that runs a Scene that contains several elements, as: background layer, controles
layer and etc.

The way the framework works is by using the concept of a director and scenes, being
each object on the screen a node in a component tree. Everything that will be drawn is
controlled by a class called CCDirector, where it has the ability to modify the order of
how components will be drawn and also change the game scenes, being responsible for
defining the initialization of the components that are requested by the framework calls.
The Cocos Creator tool tends to hide most of this complexity.

Cocos Creator is an editor that works on top of the Cocos2D-JS framework, assisting
in the development of the graphical application whatever it is, showing the properties of
the components, also providing a preview of what the game scene will be at the moment
that it is loaded and a way to graphically manage the files and scripts that will be within
the game. The main structure of Cocos Creator can be seen in Fig. 6.

The scenes within Cocos2D-x are the most basic component of each game window,
within each scene, will be all the components, effects, texts and images of the game
being then managed by the Director. The Cocos Creator offers a Scene View and a
Game Preview to facilitate the development the game and provides fast feedback to the
developers; it can be seen in the illustration of Fig. 6. The Fig. 7 shows the UML Class
Diagram of the game.
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Cocos Creator Structure

Multi-panel extendible editor

Scene View Component Inpector
Content Creation

Timeline View

Game Preview

Scripting Gameplay

Engine

Cocos2d-JS (Gameplay, Ul, Animation, Asset

Loading) Preview and Debug

Bindi

Cocos2d-x (C++ Native API, Core Rendering)

Integrate SDK

One Click Publish

Fig. 6. Cocos Creator main structure: about cocos creator framework structure (Source: [28])
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Fig. 7. UML Class Diagram of the FracPotion game (Source: the authors)
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In the Class Diagram of the Fig. 7, we can see the composition of the game with the
relationships of the classes, mainly between the Fases and Potions to be completed.

6 Evaluation of the Game and Educational Content

For the evaluation of the game FracPotion, an experiment was carried out with elemen-
tary school students. As we wanted to evaluate the experience of the children under a
qualitative approach, we studied two different frameworks in the evaluation process.
The first one was the generic ITU BT500 assessment (https://www.itu.int/rec/R-REC-
BT.500) —and the other one was the MEEGA+ model [29]. After we have analyzed these
two assessment models, we have chosen the second one, so the MEEGA+ model was
used to evaluate the quality of the game and educational content, since it is directly
focuses in educational game evaluation instead the generically approach of the ITU BT
500 for all type of software.

6.1 The Experiment

The experiment was carried out with elementary school students. The participants of
the research were 18 students and the criterion of choice was that they already knew
the basic concepts of fractions learned in the classroom. The profile of the students of
the experiment presented a mean age of 12 years, there was a balance with respect to
gender, but the girls slightly predominated on boys; 92% of volunteers make regular
use of digital games - 47.6% on a daily basis and 9.5% weekly. Players first had an
experience of interacting with the game, without the help of any instructor. Soon after,
they answered a survey about the aspects of the game, involving the visual characteristics
of the game, the interface, the easiness that the game possibly presents and other aspects
of usability of the game. In addition, the survey had extra questions about the educational
content presented and its relationship with the game, as a way to verify if the game met
the educational purpose regarding fractions. The students answered the questions using
five possible responses in a Likert-like scale (Too little, Little, Neutral, Very, and Very
much).
The questions to evaluate the educational content of the game were:

(1) How motivated did you feel to learn about fraction with this game?
(2) Did you learn about fractions with this game?

(3) Would you recommend this game to a friend?

(4) Would you rather learn fractions using this Game?

(5) Did you feel challenged by this Game?

6.2 Results of the Work

The combination of texts, colors and sources were pointed out as good combination
and consistency by 61% (11 students) of the interviewees and the other almost 17%
(3 students) answered neutrally (neither agree nor disagree). As for the game being
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intuitive and easy to adapt approximately 28% (5 students) agreed with this aspect
and approximately 44% (8 students) responded with neutrality. As for the easiness to
understand rules 50% (9 students) judged them easily understandable and the other
almost 28% (5 students) responded with neutrality.

About the questions regarding the educational content, the students have answered
to the question (1) positively or neutral 61% (11 students); question (2) have 56% of
positive answers (10 students); third question (3) had 94% of positive or neutral answers
(17 students); question (4) had 78% of positive answers (14 students); and question
(5) had 67% of positive or neutral responses (12 students). The Table 1 was created to
simplify this visualization.

Table 1. Evaluation of the game by students in 1 to 5-scale based on MEEGA+.

Characteristics of (1) Too little | (2) Little (3) Neutral | (4) Very (5) Very much
the game and
questions to evaluate

(1) Motivation 3(16.66%) |4 (22.22%) |3 (16.66%) |4 (22.22%) |4 (22.22%)
(2) Learn fractions | 1 (5.55%) 2(11.11%) |527.77%) |6 (33.33%) |4 (22.22%)
(3) Recommend to | 1 (5.55%) 0 (0%) 7 (38.88%) |7 (38.88%) |3 (16.66%)
others

(4) Prefer this game | 1 (5.55%) 1(5.55%) |2(11.11%) |9 (50.00%) |5 (27.77%)
against traditional
methods

(5) Feel challenged | 3 (16.66%) | 3 (16.66%) |5 (27.77%) |2 (11.11%) | 5(27.77%)

7 Conclusions

The teaching and learning processes in the field of Mathematics require an important
effort on building knowledge over a very abstract body of knowledge, but with many
practical applications in real-world situations. Fractions, for instance, tend to represent
an extremely abstract concept, mainly when local culture do not make regular use of
this kind of representation in common situations — which is the case for Brazilian cul-
ture, which have adopted the floating point decimal representation in detriment of the
fractional one. Tools that help to stimulate students to keep motivational aspect when
learning such subjects are potentially useful to these process.

This paper presented a game designed to support students to learn or revise some
basic fraction concepts. Regarding the group to which this game was applied, the play-
ers/students showed interest in game’s subject and they reported to have enjoyed the
learning process supported by the game. However, the results point out that more research
is needed in order to improve the game itself and to apply it in other study groups. Fur-
ther work includes the development of other games for different subjects in Mathematics
and other STEM areas. The current game is in its beta version; as improvements, new
phases are to be developed with other types of fractions and operations, as well as the
translation and adaptation capabilities of the game as an Open Educational Resource are
to be tested.
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Abstract. Learning environments integrate multiple technology plat-
forms allowing people to meet learning objectives through available con-
tent, resources, and integrated services. Learning environments allow
users to cover learning objectives in different subject areas, such as
social skills development, health, etc. This article presents a develop-
ment model of Learning Environments through Virtual Reality (VR).
This model incorporates new forms of interaction for learning, such as
immersion in simulated scenarios that support users in attaining learn-
ing objectives. A VR tour of a university is presented as a case study,
where distinct users, such as teachers, students, and general public inter-
act with content, resources available and services to achieve the specific
learning objectives.

Keywords: Virtual environments - Learning model - Immersive
learning

1 Introduction

The design of learning environments involves a multidisciplinary work in which
specialists participate in the generation of content, pedagogical design, in addi-
tion to technologists for the design and programming of digital platforms and
content [1]. Learning environments allow to learner acquires knowledge through
elements that are presented in the environment, these elements can be physical
or cultural and involve the way in which people interact with the environment,
other people and other organization ways towards achieving learning [2].
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There are several ways to represent a learning environment, currently there
is a wide variety of accessible devices to support the learning process, such as
websites that offer courses at low cost, interactive books where the learner solves
in a didactic way problems to reinforce knowledge and video games that allow
a degree of interaction allowing the apprentice to meet goals.

This work proposes a model for the production of virtual reality learning envi-
ronments, in the proposed model design and interaction artifacts are presented,
also the inclusion of several available services and the existence of different user
roles that can meet their learning objectives [3]. This work is composed of seven
sections, in the following section related works to the proposal are presented,
theoretical foundations section presents some conceptual elements of learning
environments that are the basis for the proposed model. Next, problem outline
section presents the challenges when producing learning environments in virtual
reality. A production of virtual learning environments section shows the elements
of model proposed, after, a case study section with a proposed solution in high
education and finally conclusions a future works section are presented.

2 Related Work

This section presents a literary review of the state of the art of works that propose
learning environments, these works refers to diverse approaches, platforms and
several application contexts, as presented in the Table 1.

Table 1. Literature review of learning environments

Author Approach User Feedback | Platform | Services | User | Interaction
centered roles | type

Yang et al. [4] Physical . . Video . - Semi
interaction immersive
system

Pan et al. [5] Game-based | e . VR - - Immersive

James et al. [6] Object - - VR - - Immersive
recognition

Goulding et al. [7] | Game-based | e . Web 3D | e - Semi-
training Immersive

Proposal Game-based . . VR . . Immersive
virtual map

As a first criterion, several approaches are presented such as video-games
based [5,7], object recognition by the user [6] or even a combination of real
elements with virtual approach is included [4]. A second criterion presented is
the user-centered approach [8], that is, if the learning environment considers the
facility to determine what actions are possible at any given time, besides being
able to represent a conceptual model of the system and evaluate your state. A
third criterion presented is the feedback provided by the learning environment,
that is, it shows information of importance for the reinforcement of the learner
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and educator. Goulding et al. [7] shows simulation scenarios for training in the
industry. The platform is the criteria that help us to identify the devices used
for the learning environment, among the literature, specialized devices for object
recognition to web platforms and virtual reality. The user role is the criterion
that allows the learning environment to offer content and services according
to the user role, finally the type of interaction of the learning environment is
presented, as you can see most of the works have a type of interaction immersive
or semi-immersive [9], in the first one the users are completely isolated from the
real environment and respond to the actions of the existing virtual elements in
the scene presented to them, in the second the users perceive and can respond
to both environments, real and virtual. Next section presents some conceptual
elements of learning environments that are the basis for the proposed model.

3 Theoretical Foundations

Virtual reality is a technology that has become increasingly accessible to users
and has begun to take part in various fields, science, health, education and
entertainment. In the context of education it allows learning environments offer
a range of possibilities in which the learner can interact with simulated elements
that lead to the acquisition of knowledge. According to LaValle and Shin [10,11],
virtual reality allows to induce the directed behavior of a person through the
use of artificial sensory stimulation while the person has little or no awareness
of interference.

3.1 Reasons to Use Virtual Reality in Education

In the literature we can find that different authors present positively the use of
virtual reality in education. Pantelidis [12] describes the use of virtual reality as
a natural evolution of computer-assisted instruction (CAI) or computer-based
training (CBT). Bowman et al. [13] and Wickens [14] agree that virtual real-
ity gives increased learning and retention of the learner, since cognitive effort
required load and activities related to the tasks and activities related to the sys-
tem. Other authors such as Chen et al. [15] and Dede [16], propose strategies for
the design and evaluation of virtual reality learning environments to determine
in which situations it can be adopted or not. Pantelidis [12] mentions a series
of advantages and disadvantages that we can take into account when adopting
virtual reality in learning environments.

— Advantages
e Virtual reality can more accurately illustrate some features, processes,
and so forth than by other means.
e VR allows extreme close-up examination of an object and gives the oppor-
tunity for insights based on new perspectives.
e Virtual reality can change the way a learner interacts with the subject
since active participation is required instead of passivity.
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e VR allows a learner to learn by doing, a constructivist approach.

e VR provides a way for some objectives to be taught via distance education
which were previously impossible to teach in that way.

— Disadvantages

e The costs associated with the adoption of virtual reality.

e The time required to learn how to use the hardware and software of virtual
reality devices.

e Possible health effects that may be caused to the user, such as vertigo,
dizziness, sickness virtual reality, ete. [17].

Como se puede observar, la realidad virtual puede ofrecer una gran aporte al
contexto educativo, y es necesario indicar que su uso en el aprendizaje se debe
ver como una herramienta y resaltar las ventajas de su uso.

3.2 Virtual Reality in Leaning Environments

Shin and Huang [11,18], agree that virtual reality oriented learning environments
allow learners to interact with others while carrying out a set of tasks. [11] in his
model presents key elements when designing virtual educational environments,
as presented in Fig. 1.

| VR Learning Environments |

! | Property D D Signifier D
| Immersion I Presence [ Empathy ] [ Embodiment ]
1l 0 0 igs

| Afforded Learning Tasks: Usability and Learnability |

<L

Learning Benefits

Fig. 1. Virtual learning environment approach by Shin et al. [11].

The model in Fig. 1 is based on the concept of affordance [11], for learning
environments represents a characteristic of the environment that, when per-
ceived, provides an opportunity for some action [19]. In the case of virtual real-
ity learning environments affordances they are divided into technological and
affective, technological represent how users perceive the technology and affective
affordance of user’s perceived technological property. In other hand signifiers
help how people discover the possible actions that can be performed [20].
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3.3 Virtual Reality in Constructivism Context

Virtual reality has a great adoption of the constructivist approach to learn-
ing since it allows learners to build their own knowledge from meaningful
experiences [21].

This applied to a learning environment, allows the apprentice to control the
way in which he acquires knowledge, in an exploratory way avoiding any possible
consequences [22].

In general, the theory of constructivism mentions that humans generate
knowledge by interacting with the environment and acquire knowledge by estab-
lishing a relationship between acquired experiences and ideas [23-25].

There are learning environments such as Edugames, dedicated to supporting
collaboration and learning in education in a safe and meaningful way [26]. An
example which may be mentioned of such learning environments with construc-
tivist approach is Minecraft!.

According to Schifter and Cipollone [27], Minecraft is seen as a tool that offers
students (or players) the ability to gain knowledge through experimentation in
the constructivist sense. Basically it is an open world construction game that
allows the user the freedom to represent a world through the use of blocks that
present various structures such as elements of nature, minerals, etc. It presents
various game modes such as survival, adventure, creative, among others.

MIHELCRRAFY T R—

WHAT'S NEW STREAMING YOUTUBE CREATIONS DISCUSSIONS & HELP FEEDBACK

CULTURE

MINECRAFT BEDROCK MESSAGE FROM THE
1.14.20 STARS

CULTURE

TIRELESS TRAVELLER ABBEY DAYS EVERY DAY A HOLIDAY! AIR TRAFFIC

CULTURE CULTURE CULTURE

Fig. 2. Minecraft community website, with many resources available

! https://www.minecraft.net.
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As shown in Fig. 2, Minecraft? has a large community in which various types
of contents are provided, ranging from representations of historic sites, vehicles,
buildings, etc.

In addition, Minecraft has an educational version, this presents a safe envi-
ronment where the teacher can have control without losing the essence of the
game is creativity and freedom. In addition to offering specific functionality for
teachers and ready scenarios for specific activities and adapted for classroom
use.

SUBJECT KITS

Get started with Minecraft: Education Edition using these starter kits, each with
lessons, downloadable worlds and tutorials in core school subjects.

LANGUAGE b3 . HISTORYS
.~ ARTS [ [JESEIEEEE ! cuLTURE
COMPUTER 7 | ARTS
m SEENEE SERH

Explore hundreds of lessons created by educators around the world, for % Subenited By John Miller R
students of all ages.

Fig. 3. Minecraft education edition; main page with some lessons (left) and math lesson
example about 3D fractions (right)

Figure 3 presents the Minecraft educational platform, where you can find var-
ious resources that can be support for teachers and apprentices. These resources
range from lessons, science, math, programming, etc. Tools for learners and
teachers to adapt, edit and create content.

The use of such virtual environments under the constructive approach allows
trainees to acquire knowledge themselves to interact with the virtual environ-
ment [26].

4 Problem Outline

This work proposes a model for the production of virtual reality learning envi-
ronments that considers a user-centered design, virtual reality aspects, learning
strategies and the incorporation of educational services. The proposed model
allows the generation of content for various user roles, under a constructivist
[28] learning approach, in which the learner (user) can select and transform the
information for their decision-making, in addition to this can build their own
processes to solve situations to various problems within a virtual reality envi-
ronment [29-31]. Therefore, developing a learning environment that can solve
these points is a complicated task that requires consider the following;:

2 https://www.minecraft.net/en-us/community.
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— Establish a user-centered design for the creation of software oriented to learn-
ing needs and thus achieve the highest satisfaction and user experience.

— Develop digital scenarios based on a virtual reality-based learning strategies.

— Allow the adaptability of virtual reality learning environments to multiple
contexts of use, platforms, available services and ways to acquire knowledge.

— Identify and define the various user roles within the virtual reality learning
environment.

— Provide feedback information to the various user roles.

The following section presents in detail the design of the proposed model.

5 Production of Virtual Learning Environments

Virtual reality is a technology that has recently entered the field of education
and is currently accessible at low cost [32]. In the educational context it can
be used so that trainees can have an inverse experience in the learning process,
this generates the need to propose models that help integrate virtual reality
to produce applications according to learning needs [28]. Figure 2 shows a pro-
duction model of learning environments is presented, this model shows elements
comprising virtual reality and using educational services to produce applications
that can be a support for learners, educators and other roles associated with the
educational process. This model is based on the constructivist [30,33] approach
and includes basic principles for understanding learning, these principles involve
the exploration and discovery of artificial worlds and technological features that
support learning [28]. Next, elements of model proposed in Fig. 4 are described.
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Fig. 4. Proposed architectural model for virtual reality learning environments
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5.1 User Roles

The model proposes support for several roles within the learning environment,
these roles define the actions of the user and their learning process, in the reverse
part of virtual reality determines the type of interaction and content available
and its associated educational services [34-36]. Table 2 describes each of these
user roles.

Table 2. User roles description in virtual reality learning environment model.

User Description

Teacher - Provide student orientation services

- Provide content for pedagogical activities

- He is an expert who dominates the contents
- Share learning experiences with students

- Encourage student participation

- Facilitate the understanding of the basic contents and encourage self-learning

Student - It generates its own knowledge

- It is characterized by being interactive

- It is related to the learning process

- Guided by the teacher while building their own knowledge

- Plans the learning activities

Candidate - It has access to educational offering services
- Interact with the contents academic procedures and educational facilities

- It has access to some school matters

External user | - It has access to content public, and limited access to content and services

5.2 Platform

Virtual reality learning environments produced can be built on different plat-
forms according to the needs of the user, the available platforms ranging from
mobile devices, web applications and desktop applications that require a virtual
reality headset such as Oculus Rift? or HTC Vive*. The platform selection also
determines the degree of interaction and content that can be presented to the
user within in virtual reality learning environments.

5.3 Virtual Reality Learning Environment Features

The objective in virtual reality learning environments is that users achieve their
learning objectives through a transfer of immersive learning based on virtual
reality to the real world with real situations through practice by interacting
with objects and events in the simulated world [28,37]. The following describes
two important features for the design of virtual reality learning environments
under the proposed model.

3 https://www.oculus.com/.
4 https:/ /www.vive.com/us/product /vive-virtual-reality-system/.
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Virtual Reality

— Immersion technology aspects are considered to offer the user the feeling of

presence in an artificial environment as if he were in a daily learning situa-
tion [10].

— According to Huang and Burdea [28,38], interaction considers the strategies

for the user to interact with the virtual reality learning environment, user
inputs and feedback with the system are defined. Also it refers to strategies
to take into account that the user is engaged in the virtual environment [39].

— Imagination refers to how the learner uses his problem solving skills and his

ability to perceive and creative sense to interact with simulated elements [28].

Learning Strategies

— Role-playing allows the learner representation or simulation of roles for a

given situation or event that occurs within the virtual environment, which
encourages the learner to think creatively and solve situations [28,40].

— Collaborative refers to the strategy where users exchange ideas and experi-

ences to gain knowledge within the virtual reality environment [28].

— Problem-based is based on the methodology of problem-based learning where

the user faces real situations using their own strategies using the tools offered
by the virtual environment [41].

— Creativity refers to strategies for the user through new ideas and concepts

develop their ability to solve problems [28].

5.4 Educational Services

Educational services within the virtual reality learning environment complement
the virtual content offering support to academic institutions processes. Educa-
tional services of the proposed model are described below.

Academic Procedures: Service available for users to perform management
or diligence management or diligence that is performed to obtain a result
regarding an academic process.

Scholar Matters: Service responsible for administrative tasks and valida-
tion of study programs also register and validate information derived from
the educational process of students and provide academic and administrative
support to the teaching staff.

Teacher Training: Service responsible for policies and procedures to prepare
teachers in the field of knowledge, attitudes and skills [42].

Educational Offering: Service refers to the different opportunities of edu-
cation degrees, these are offered by the university to future students.
Educational Facilities: Service to find out the educational infrastructure.
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6 Case Study

This section presents a virtual reality learning environment called “UAA Virtual
tour and services”, is designed to be used to offer learning content and educa-
tional services for the Autonomous University of Aguascalientes (UAA). The
UAA is an institution of higher education that has an approximate of 20,128
students distributed in postgraduate, undergraduate and high school. Currently,
the UAA has 89 plans and programs of study, 25 of which are postgraduate pro-
grams in masters and doctorates, 64 undergraduate 1 and a high school plan [43].

6.1 Virtual Learning Environments in Higher Education

According to Cuadro et al. [44], learning environments represent a series of steps
towards teaching allowing a reduction in time and space making it possible for
a large number of people to have access to content while attending their daily
activities. The “UAA Virtual tour and services” (VRUAA) is intended to peo-
ple who attend a higher education institution can cover their learning needs in
an immersed way where the user interacts with 3D elements and make use of
simulated educational content, In addition to having available services offered
by institutions of higher education, such as, consulting kardex, class content,
teachers information, etc. Among the advantages that we can mention when
incorporating VRUAA are [45]: Provide elements for learning in an understand-
able way that is not limited to the classroom or the educational institution;
having a platform accessible from a mobile device to a virtual reality device;
Allow interaction of different types of roles such as students, academics, etc.
Integrate different resources and services to enhance the way of teaching.

6.2 Collaborative Work

Figure 4 shows a model of a virtual reality based learning environment, which in
other words, is a scenario of consumers of educational services based on virtual
reality learning strategies. However, for the case study, it is also necessary to
describe the model of collaborative work that has been carried out to describe
the process of creating educational services. In other words, there cannot be a
service consumption scenario without a scenario where those services are being
produced. For this reason, Table 3 describes the roles involved in the design and
production of educational services in the virtual reality model.

In Fig.5, the collaborative work carried out by the different roles to create
the virtual reality environment is shown through a use case diagram. According
to Fig.5, the RV-UX Designer is responsible for designing the user research
strategy, where he uses quantitative and qualitative user research methods to
discover the insights that will become the inputs to define the virtual reality
experiences. The RV-UI Designer is responsible for transforming the insights
into Virtual Reality based user interfaces. When the RV-UI-Designer finishes
the UI designs, the RV-QA takes care of applying various usability tests.
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Table 3. Role description for design and development of virtual reality learning

environments.

Role

Description

RV-UX Designer

- Applies quantitative and qualitative methods of User
Research to detect features (insights)

- Analyze the usability tests and proposes
improvements

- Design learning strategies based on VR services

RV-UI Designer

- Define low and high level VR wireframes
- Design the prototypes of educational services Ul

- Design the prototypes of 3D objects

RV-Developer

- Develop the objects in 3D

- Develop the scenarios based on VR Services

RV-QA (quality assurance) |- Define the instruments and metrics of Usability

- Applies the Usability tests
- Generate the reports of the Learning Analysis

RV-UX Designer

Design User
@h Strategy /<" """~
Define RV Experience )~ Design Educational Services

RV-Ul Designer

Create RV User ~ —; :
@‘“ oy J<mTTTTTo Usability Test Plan RV-QA
’
’
Devel Learning Environment

RV-Developer

Based-on Learning Strategies

Fig. 5. Use case diagram of collaborative work.

The results obtained are analyzed by the RV-UX-Designer with the pur-
pose of finding improvements in the Ul features. When all Uls have been val-
idated, they are sent to the RV-Developer who is responsible for transforming
the UI-RV into the VR Educational Services. The VR-UX-Designer and the VR-
Development work together so that the development process is adjusted to the
creation of the learning environment and the strategies.
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6.3 Participants

The launch of the VRUAA includes the participation of 20 students on average
graduate aged 25 to 30 years, of which 15 are men and 5 women. The procedure
for launch was that each participant used a virtual reality headset (HTC Vive
System) in which the VRUAA presents content and the user has an immer-
sive experience, as shown in Fig. 6. The following subsection the results of the
information obtained from the launch of the VRUAA are presented.

PARKING LOT

LIBRARY

| LABORATORY
I CLASSROOM
1

Fig. 6. VRUAA environment learning launching.

6.4 Results

The data for this study were gathered by means of an online survey based on
Davis et al. [46]. The survey is divided into two sections with six questions and
answers on a scale of 1 (unlikely) to 7 (likely). The purpose of the survey is
to measure in user experience in terms of perceived usefulness and ease of use
of VRUAA. The chart in Fig.5 presents the result of the survey of perception
of utility and ease of use applied to the group of participants that used the
VRUAA. The objective is to know the degree of perceived usefulness, that is,
to what extent the user believes that using the VRUAA can improve their per-
formance and take advantage of their learning activities. Perceived ease of use,
refers to degree to which a person believes that using the VRUAA can be free of

PERCEIVED USEFULNESS Qi
Q1. Using the VRUAA system in my scholar activities would enable me to accomplish
tasks more quickly. 8
Q2. Using the VRUAA system would improve my scholar activities performance. 57
Q3. Using the VRUAA system in my scholar activities would increase my productivity @6 sss 55 555 @
Q4. Using the VRUAA system would enhance my effectiveness on the scholar 5
activities.
Q5. Using the VRUAA system would make it easier to do my scholar activities. 545 e Percoived

Q6. | would find the VRUAA system useful in my scholar activities. Usefulness
~—Ease of Use

PERCEIVED EASE OF USE
Q1. Learning to operate the VRUAA system would be easy for me.
Q2. | would find it easy to get the VRUAA system to do what | want it to do. Qs 59 Q3
Q3. My interaction with the VRUAA system would be clear and understandable.
Q4. | would find the VRUAA system to be flexible to interact with. 575
Q5. It would be easy for me to become skillful at using the VRUAA system.
VRUAA system easy to use.

Fig. 7. Perceived usefulness and ease of use survey (left) and results chart (right) of
VRUAA launching.
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effort into their learning activities [46]. As shown in the chart in Fig. 7 for both
aspects greater value 5 is obtained, indicating that there is a good acceptance
in perception generates usefulness and ease of use of the learning environment

VRUAA.

7 Conclusions and Future Works

The work presented in this article proposes a method to produce virtual reality
learning environments. The main objective is to integrate multiple technological
platforms that allow people to meet learning objectives through available con-
tent, resources, service integration and various user roles. In the proposed model,
each of its elements is described in order to have a base and design to produce
virtual reality learning environments to support the needs of higher education
institutions.

The case study presents the implementation of VRUAA, which is an immer-
sive virtual reality system composed of 3D simulated content and services asso-
ciated with the purpose of offering support to various users who attend a higher
education institution. An evaluation is also presented showing the degree of per-
ception of utility and ease of use of the system, allowing users to know the
acceptance in general. The future work of this research includes new strategies
for the design and production of virtual reality educational environments, new
forms of interaction, new usability evaluation techniques and user experience
focused on supporting new learning needs through virtual reality.
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Abstract. The study was designed to improve teachers’ didactic analysis compe-
tence by means of problem-posing tasks and evaluate the quality of mathematical
problems posed by them. For this purpose, a problem-posing strategy has been
implemented which sample consisted of in-service mathematics teachers. This
strategy involves a reflection stage that is very close to mathematical practices and
it encourages to develop didactic analysis competence. The quality of the mathe-
matical problems was evaluated through qualitative criteria. Some findings of the
research are related to didactic analysis competence and it means that the posers
could formulate better problems with educational purposes.
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function - In-service mathematics teachers - Quality of mathematical problems

1 Introduction

Problem posing has long been recognized as a critically important intellectual activity
in scientific investigation [1]. This importance has been reflected in the development
of empirical investigations, where those whose focus of study is the didactic analysis
competence in the teaching of mathematics based on problem posing (PP) tasks are more
significant [2—4].

Problem-posing tasks demand a person to expose his mathematical knowledge. How-
ever, if the posed problem is aimed at contributing to the student’s knowledge — or more
specifically, to understanding and solving other more complex problems — then the teach-
ers’ didactic-mathematical knowledge must also intervene. This aspect is closely related
to the teachers’ didactic analysis competence, which has been broadly studied within
the onto-semiotic approach of cognition and mathematics instruction (OSA) [5].

In the literature on mathematics education research, several studies analyze the rela-
tionship between the mathematics teachers’ competence and the mathematical tasks for
the learning of mathematics. For instance, [6] presented a review of the empirical research
done on mathematics teachers, and it concluded that these researches show teachers have
difficulties to analyze the mathematical tasks (and their educational potential) that their
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students propose. In order to overcome these difficulties, it is fundamental for teach-
ers to have the ability to analyze their own mathematical tasks and we consider that our
research provides specific means to do so, through problem-posing strategy with a phase
of didactic reflection.

On the other hand, the quality of a mathematical problem is a subjective concept
that cannot be measured in an objective way. However, it is mandatory to deep into
this concept by means of quality criteria and suitability to have a picture of what are the
indicators that a problem should have to be considered as a good problem from a didactic
perspective. In this study, some theoretical tools from OSA framework are considered
to approach to this concept through the notion of didactical suitability.

2 Theoretical Framework and Methodology

In this study, we consider two theoretical frameworks, which gave us some tools to
analyze the data.

2.1 Onto-Semiotic Approach of Cognition and Mathematics Instruction (OSA)

We adopt the OSA as framework because we are interested in teachers’ competences
when analyzing the mathematical activities that they develop. Likewise, we believe it is
relevant to use an approach that provides us with categories to analyze both teach-
ers’ mathematical knowledge and didactic knowledge. In this framework, didactic-
mathematical knowledge is understood as the deepest knowledge of mathematics and
its teaching, which a mathematics teacher must have to design, implement and assess
the complex processes of mathematics teaching. In addition, important OSA theoreti-
cal constructs for the analysis of mathematical objects, such as concepts, procedures,
propositions and arguments, are the epistemic and cognitive configurations, which we
will explain next.

According to [7], when a person carries out a mathematical practice and assesses it, he
or she has to activate a mixture composed by some or all of the mathematical objects, that
is to say: problem situations, languages, propositions, definitions, procedures and argu-
ments. These objects will be interrelated, making configurations defined as webs of objects
that intervene and emerge from the systems of practice (Fig. 1); such configurations are
epistemic configurations (EC) when they are webs of objects considered from an insti-
tutional perspective, and they are cognitive configurations (CC) when they are webs of
objects considered from a personal perspective. Analyzing these configurations allows us
to obtain relevant information about a problem and its solution. We call it anatomy of the
problem because it can give us the different objects, which is involved in a mathematical
problem, so the teachers could modify them according their educational purposes.

The Quality of a Mathematical Problem (A Didactic Perspective)

The quality of a mathematical problem can be understood from several perspectives. For
instance, the analysis of the problem can be carried out from a qualitative perspective
that focuses on its cognitive demand [8]. Or even more, this aspect can be deepened by
restricting our analysis in the treatment of the mathematical objects that are immersed
into the solution to the problem [4, 9]. This kind of research allows us to clarify the
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Fig. 1. Configuration of primary mathematical objects

quality of the problem based on its intentionality. Another approach implies a cognitive
framework which could face the quality of the problem taking into consideration the
cognitive load that requires its resolution. The cognitive load theory [10] explains it
in greater depth. The notion of complexity could be another approach to analyze the
quality of a mathematical problem. Thus, the complexity of the problem is determined
by the conceptual density into the problem, which comprises the number of concepts and
properties essential for its solution [11]. All of these perspectives involve some aspects
related to the meaning of quality. However, we must focus our analysis in a general view
to study this quality. It means to adopt an eclectic posture which should be closed to
educational perspective.

In our study, we want to focus this quality on didactic perspective for the teaching
and the learning of mathematics. According to [12], the characterization of the quality
of a mathematical problem requires tools of description and explanation. This scholar
presents a proposal, which takes into consideration the notion of didactical suitability of
the OSA framework. This suitability can be subdivided into six specific categories [13]:

e Epistemic Suitability refers to the teaching of “good mathematics”. In order to achieve
this, in addition to considering the approved curriculum, the intention is to refer to
institutional mathematics that have been incorporated into the curriculum.

e Cognitive Suitability refers to the extent to which applied/desired learning is within the
parameters of the students’ potential development, as well as the correlation between
what the students indeed learn and the applied/desired learning.
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e Interactional Suitability is the extent to which the means of interaction allow con-
flicts of meaning to be identified and resolved and how interaction methods favor
autonomous learning.

e Mediational Suitability is the degree of availability and aptness of time and material
resources necessary for the development of teaching-learning processes.

e Affective Suitability refers to the degree of the students’ involvement (interest,
motivation) in the study processes.

e Ecological Suitability is the extent to which the process of study is adapted to the
center’s educational project, the curricular norms and the social environment etc.

As we mentioned before, [12] uses these six specific categories to formulate some
property indicators and describe the quality of a mathematical problem. Here we present
these indicators related to a “good” mathematical problem from a didactic perspective:

e The difficulty is not too great and it is perceived by the student that the solution is
achievable. (Cognitive Suitability)

e It favors to an intuitive way to obtain the solution or to conjecture a solution.
(Interactional Suitability, Affective Suitability and Cognitive Suitability)

e It favors making some verifiers, eventually with the help of a calculator or computers
for maintaining or rejecting the conjectures. (Interactional Suitability and Mediational
Suitability)

e It is perceived by the student that it is interesting or useful to solve the problem.
(Affective Suitability and Ecological Suitability)

Taking in mind those six categories that contain the didactic suitability, we highlight
the epistemic, cognitive and ecological suitability. This choice is justified in the concep-
tion taken from [14], because the importance of the cognitive aspect of problem posing
activities for a curricular design that considers these activities as a means to improve
the learning and the teaching of mathematics. Moreover, it implies stronger cognitive
demand. Likewise, [14] state that the problem posing tasks allow developing more elab-
orate and advanced problem solving strategies. This last aspect, we think, corresponds
very well with the epistemic and ecological suitability.

2.2 Problem Posing and Mathematics Teachers’ Didactic Analysis Competence

It is worth mentioning that there are different positions in terms of what researchers
understand by engaging in problem posing activities [1]. In our study, we adopt the
proposal from [15], according to which problem posing is a process through which a
new problem is formulated. Moreover, in this proposal, if the new problem is obtained by
modifying a given problem, it is said that the new problem was obtained by variation. At
the same time, if the new problem is obtained from a given situation or from a specific
requirement, whether mathematical or didactic, it is said that the new problem was
obtained by elaboration. Taking into consideration our research goals, we focus in the
first one, it means getting new problems by variation. Likewise, these scholars consider
that problems have four fundamental elements: information, requirement, context and
mathematical environment; in that sense, problem posing by variation entails quantitative
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or qualitative modifications of one or more of these elements in a given problem. We
analyzed these elements in problem posed by in-service teachers.

Additionally, [3, 15] implemented a strategy in workshops with in-service teachers
in order to stimulate their ability to pose problems by variation. This is the EPP strategy
since it stands for Episode, Pre-problem and Post-problem, by considering the problem
posing by variation, where there were evidences that mathematics teachers lack didactic
analysis competence to pose problems with didactical purposes. In this sense, given the
importance that mathematics teachers must develop this competence, especially when
they pose mathematics problems with emphasis on teaching, in our study we implement
the EPP strategy for problem posing by considering a phase (R) of metacognitive and
didactic reflection; therefore, the strategy name would be ERPP. In the new strategy
ERPP, there is a phase where the teachers must elaborate a CC of their solutions to the
problem presented in the episode (episode problem (EP)) and — based on it — reflect on
their practices. In the next lines, we propose some phases for implementing this new
strategy.

3 Method

In this research, we used a multiple case study with 16 in-service high school mathematics
teachers who participated in a problem-posing workshop. Our study is exploratory,
descriptive and analytical, taking as unit of analysis the problems posed by the teachers
participating in the workshop. We analyse these problems using OSA tools, it means
EC and CC for solving and posing practices. The use of EC and CC is a methodology
previously used in some researches done in the OSA framework [2, 16], with the aim of
examining the mathematical solutions of pupils. In addition, we evaluate the quality of
the mathematical problem using the expert triangulation, which qualifies it by means of
the four indicators.

3.1 Problem-Posing Workshop on Quadratic Function

In our study, we implemented the ERPP strategy in the Problem-Posing Workshop on
Quadratic Functions that purpose goes on to stimulate the development of the ability to
pose problems by varying a given problem. We focused our attention on pre-problem
posing, since it requires didactic criteria from the person proposing the problem, so
it should have the characteristic to facilitate the comprehension and resolution of a
previously given problem.

In the next lines, we summarize the dynamics of the problem-posing workshop.

e First session: a test on quadratic functions was applied which purpose was to go deep
into participants’ mathematical competence. In addition, a class episode on affine
function that we designed in a previous research [3] was presented. Indeed, this episode
includes an EP on affine function. Moreover, in this session an EC associated to EP
of this class episode was discussed which objective was to initiate the participants on
their CCs elaboration.
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e Second session: Based on their solution for the EP on affine function, the participants
elaborated their CC associated to it, later they reflected on their mathematical practices
of solving through a previously elaborated questionnaire. At the end of this session,
some CC were socialized.

e Third session: Another class episode was presented. The participants solved the EP that
is involved in this episode and elaborated their CC based on their solution to episode
problem (CCPe). Then, the EP solution and some CCPe were analyzed in detail
between all of the participants. Subsequently, they were asked to pose and solve a pre-
problem (P1) considering the student’s reactions to the EP, as well they were asked to
elaborate the CC of the solution to P1 (CCPpl). Afterward, each participant reflected
individually about his or her mathematical practices related to problem posing. To
reinforce the didactical reflection, the participants formed pairs to discuss the pre-
problems posed and their CCPpl. For digging into this reflection, it was conducted
by the researchers taking into account a comparison between CCPe and the CCPpl
for each participant. Next, some P1 and the results of their reflection process were
socialized with the intention of broadening the problems analysis with didactical
emphasis among the assistants.

e Fourth session: The participants were asked to pose another pre-problem (P2) associ-
ated to the reflection made on P1 and its CCPp1. After a specified time, the participants,
working individually and then in pairs, reflected on the P2. As the culmination of the
workshop, some P2 were socialized.

Considering teachers’ didactic experiences in teaching functions in high school,
the research team selected the following episode, in order to present it to the teachers
participating in the workshop. This episode includes some comments from students
whom aged between 14 and 15 years old and they were exposed to the episode problem:

Mr. Pérez proposed the following problem to eighth-grade students in a mathe-
matics class on functions:

Find a pair of numbers whose sum is 43 and their product is the maximum possible.
Solve the problem and explain your procedure in detail.

After a few minutes, some students commented:
Pedro: The numbers are 21 and 22.
Isabel: You cannot know the maximum product.

Santiago: What good does it do for me to solve this problem?
An expert solution was adopted for the problem, and the EC of such solution was

made in order to have it as a reference to analyse and compare it to the CC of the
participants’ solutions (CCPpl).

3.2 Expert Solution and EC of the Episode Problem (ECPe)

The expert solution to this problem implies defining a function that allows us to obtain
a pair of numbers which sum is known and which product must be the maximum. In
this way, the function f{x) = x(43 — x) is defined, where “x” and “43 — x” are numbers
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Table 1. Epistemic configuration of the solution to the episode problem (ECPe).

Languages
e Expressions: First number, second number, maximum, product function, completing
squares, concave, function, product, first component, vertex, abscissa, parabola,
represents, sum.
o Verbal representations: Number, function, maximum, product, parabola, vertex.
o Symbolic representations: 43, x, 43-x,, =, 2,/, 1849, 4, f (x), 43/2, (;), 0

e Graphic repr

Problem-situation
¢ Information: The sum of two numbers is 43.
e Requirement: Find two numbers that meet the given information, whose product is
maximum.
e Context: Intramathematical
e Mathematical envir t: quadratic functions, linear equation
Concepts
Function, vertex, graph of a quadratic function, linear equation

Propositions
e Since the product of two numbers must be the maximum, the function is defined

f(x)=x(43-x)

43

. . . Lo . X ==

e Sincef is a concave quadratic function it will have maximum for 2

e The abscissa of the parabola’s vertex is the maximum value that f'can take.
e The maximum is at the top of the inverted parabola and corresponds to the point

(43 1549)
2" 4

Procedures

e The information behind of the problem is identified.

e The variable “x” and function fare defined: f(x) =x(43—x).

e Complete the square is applied to find the maximum of the function.

e The result is interpreted considering the concavity of the parabola that represents the
function under the conditions of the problem.

. . X——=0 . . o
e The linear equation 2 is posed to obtain the abscissa that maximizes the
function.

e The graph of the product function is outlined and interpreted to respond to the problem.

Arguments

Thesis

s
x==
The product function f{x) =x(S —x) would have maximum if 2

Argument

Using complete square technique, we can represent product function in another algebraic
expression:
f =—(x-3) +5
x)=—|x—3 —
2 4
Now, since the function is a quadratic function, the graph for this will be a concave parabola.

So the maximum is when x= 2.
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which product must be maximum. Therefore, both numbers are equal to 43/2 and their
product is 1849/4. On the other hand, this answer can also be found by associating the
number to the value of the abscissa that maximizes the function f. Another strategy for
solving this problem, entails relating the vertex of the parabola that represents f, so the
vertex would be the coordinates of the point (43/2, 1849/4). This last strategy makes use
of the graphic representation of the function.

While elaborating the EC of the solution to the episode problem (see Table 1),
we could recognize different mathematical objects whose area involved in the math-
ematical practices. They are the languages used (verbal, symbolic and graphic repre-
sentations); the information, requirement, context and mathematical environment; the
concepts involved (quadratic function, linear equation, the maximum of a quadratic func-
tion, vertex, parabola, graphs of functions). Also, the emerging proposition (the function
given by f(x) = x(S — x) will have a maximum for x = §/2, where S is the sum of the
two numbers), the procedure which follows to the solution and the arguments explained
to tell the truth about the given proposition, which derives in the conclusion. All of them
are explicitly stated.

4 Analysis of Data

In relation to the solutions of EP, it was observed that most of the teachers consider the
quadratic function as an object associated with the problem and this is closer to what
was posed in the expert solution. From the sample, only 12 of the participants solved
the problem correctly. In addition, it is significant that, even though 10 participants
define a variable for solving the problem, 6 of them make explicit the function to be
maximized. On the other hand, in order to find the maximum value of the function, 5 use
the completing square strategy, while 5 do it by using the algorithm to find the vertex
of the quadratic function and, as a result, to study its corresponding maximum. Three
participants solved the problem with the support of a table of values. However, a teacher
used the table partially. It gave us an idea to state that he or she recognized the numeric
sequence related to the problem. Precisely, the use of the tables led some teachers (4) to
make their analysis in the set of natural numbers and to fail the correct answer.

By analyzing in a qualitative way the CCPe made by the teachers, it was observed
that most of them recognized the mathematical objects, at least partially. However, only
some of the participants were able to elaborate with greater certainty the objects so-called
propositions and arguments. In the same way the lack of robustness in their propositions
and/or arguments, correspond to a lack of practice in the analysis of their mathematical
chore, and by extension we can say that they lack or they do not show the competence
of the didactic analysis.

On the other hand, the P1 were categorized by using the analysis of content and the
methodology of expert triangulation. From this categorization, based on the ECPp1 and
CCPpl, we can say that most of the participants have an idea of function typified by
an epistemic configuration focused in formalist approach instead of empiricist approach
[17]. This tendency is showed in posed problems as well, where intra-mathematical
environment prevails.
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4.1 Case of Study: Teacher T11

Because of space limitations, in this paper we only present the case of a teacher that

hereinafter we will call T11 and in this section, we analyze ECPe and ECPpl.

Epis. Config. Prob. episode
(ECPe)

M
<:> Cognit. Config. Prob. episode
(CCPe)

g

)

%I

Didactic reflection

b

Pre
problem

Epis. Config. Pre problem Epis. Config. Pre problem
[ (ECPp) <? (CCPp)

Fig. 2. Scheme to compare configurations

For the analysis of the configurations and the reflection on the mathematical practices
of solving and posing for this case, we used a scheme (Fig. 2) according to the strategy
ERPP. In this scheme it is shown the interaction among different configurations, whether
epistemic or cognitive, in order to study the mathematical competence (M) or didactic
analysis competence (D) of the teacher. In this context, looking forward to our interests,
we focus on studying the interactions involving the competence in didactic analysis (D).

As an example of the pre-problem posing task, we present the first pre-problem posed
by T11 (associated to CCPpl):

Determine the pair of numbers whose sum will be, respectively, 1, 2, 3, ..., 10;
but in such a way that the product of that pair’s components will be the maximum
possible. (a) On the basis of what was observed, could you indicate which are
the features that, in each case, the pair of numbers must meet? (b) If you must
formulate each product as a mathematical function, express it.

Along with the problem posed, T11 showed a possible solution to his problem and
it allowed us to move into not very explicit aspects of the problem (Fig. 3). Likewise,
the teacher elaborated the CCPpl. Finally, he answered the questionnaire about the
mathematical practice of posing.

4.2 Analysis: ECPe and ECPpl

From the analysis of ECPe and ECPpl, it was observed that the information is similar and
that it was only modified quantitatively. Even though it is true that the amount of pairs
of numbers is greater, these are more manageable numbers for a high school student. In
the same way, the requirement suffered a change, since in the P1 there are two questions
that invite the student to reflect on his/her procedures and solution.

In addition, the problems keep up the intra-mathematical context. In order to answer
the requirement of the EP it becomes necessary to use algebraic expressions, however, in
P1 posed by T11, it is not necessary to use this resource, except in part “b” in which the
notion of generalization using functions is a request. This would be an advantage from
the didactic point of view in order to solve the EP, without using the quadratic function.
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Translation:

- %1% : g Let us call “x” and “y” the
: possible numbers which sum
and product are S and P
respectively, so...

Y| g a) The pair of numbers
should be two equal integers
numbers (if S is an even
number) and equal decimal
[ 19 numbers (if S is an odd
%1% number).

b) In each case, x+y=S and
; y=S-x. Then, P(x)=x(S-x),
S where S is the sum of the
numbers.

Fig. 3. Solution to PP1 proposed by T11

Based on an expert solution to P1 and the solution proposed by T11, we state the
following: for the language, in general terms, the use of graphical representations is
highlighted: the parabola for EP and the table of values for P1. Likewise, in EP and P1
the requirement of maximum is evident. Thus it becomes explicit the use of the quadratic
function in P1 regarding EP. Unlike P1, in EP it is necessary to use linear equations to
formalize and give rigor to the problem solution. For the considered concepts in both
configurations, it is easy to see the coincidence in many of them, like the case of the
concepts of function, product of function, the idea of maximum of a function, completing
squares, among others.

The propositions and arguments in the EP are more formal and rigorous. In P1, the
fundamental feature of the propositions and arguments has a lower level of formality, in
such way that allows using the inductive and deductive reasoning easily. As a sample
to highlight this reasoning, T1 suggests a table of values in order to recognize a pattern
that will allow solving the EP easily.

Talking about the procedures, the use of similar strategies is emphasized, in the sense
that both problems require the identification of the main information and requirements.
However, in P1, the situation becomes more intuitive, since it is not required to formulate
a correspondence rule to solve it, except for the explicit requirement. Certainly, in EP
there is no need of this, but due to reasons of effectiveness.

The arguments of the EP are more rigorous and formal, since they use concepts
that are closer to the quadratic function, for example: concavity, vertex of a quadratic
function. Moreover, in P1 the arguments are closer to an inductive reasoning, since the
plan is to elaborate a strategy that makes the solution to the EP. For this last case, the
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use of a value table will permit to guess the practical rule that emerges as consequence
of the analysis of the given values and that is one of the purposes of the problem.

4.3 Approaching to a Didactical Problem Posed by Quantitative Variation

The teacher T11 was asked to reformulate his pre-problem (P1), considering a didac-
tic analysis of the problem posing process through the comparison between CCPe and
CCPpl. Thus, T11 posed a second pre-problem (P2) that was analyzed by expert tri-
angulation taking into consideration the four indicators explained in the Sect. 2.1. Next
comes the problem P2:

Determine the pair of numbers whose sum will be, respectively, 5 y 6, in such
way that the product of the pair’s components will be the maximum as possible.
Elaborate a table for the next cases: (a) For the case whose sum is 6, which are the
components of the pair of numbers whose product is maximum? (b) For the case
whose sum is 5, is there just one pair of numbers whose product is maximum?
Explain your answer. (c) If we consider that there is just one pair of non-natural
numbers whose sum is 5 and whose product is maximum and it is not a natural
number, which are those numbers? (d) Elaborate a strategy in order to obtain
the maximum product, in case of the sum of the pairs’ components will be an
even number. Is this strategy different in case of the sum will be an odd number?
Explain your answer. (d) Formulate the product of the numbers whose sum is 5 as
a mathematical function.

From the expert triangulation, there is evidence to say that the P2 posed by T11 has
the features of a pre-problem, since it makes easier to conjecture a pattern that allows
to solve the EP. It is also observed that it was well conceived and detailed in order
to achieve subsequently a solution of the EP easily. Thus part “c” fosters an intuitive
solution, against the part “d” that invites to the generalization. The section (e) would
be a simple exercise that helps a lot to think about how to solve the EP. In addition, we
claim that the problem posed has a closer approach to cognitive, interactional, affective
and epistemic suitability. This statement is made based on the experts’ opinion under
the indicators proposed for evaluating the quality of a mathematical problem from a
didactic perspective. Moreover, following the answers given by T11 in the post-workshop
questionnaire, it is observed that he makes an explanation of the benefits of his problem,
using the elements of his configuration and considering its didactic emphasis. Precisely,
these aspects are highlighted by the experts when they analyzed the pre-problem posed
by T11.

5 Final Consideration

At this time, in the mathematical education field, there are several theories and theoretical
approaches for researching. A reason for the existence of different theories and theoretical
approaches is the complexity of the topic of research itself [18]. We belief that with our
study, we contribute in a way to use different theories for analyzing the mathematical
practices of solving and posing problems. Indeed, our proposal to use theoretical notions
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from OSA and the conception of problem posing tasks gave us evidence for promoting
the didactic analysis competence. This competence is crucial and its core represents an
advance in teacher education.

Our study proposes a new problem-posing strategy that includes EC and CC tools
taken from the OSA framework to analyze the teacher’s mathematical practices. Because
of this implementation, we have evidence to state that in-service teachers’ didactic anal-
ysis competence shows to be incipient and urge to develop it. Certainly, our position
about the conception of the didactic analysis complements that proposal of [19, 20], it
implies the subject—didactical competence and the competence of reflection, since we
consider a strategy for problem posing which includes individual and group reflections
taking into account the posed problem using a phase of didactic reflection. Therefore,
there is a need of going deeper in our study.

The use of indicators to evaluate the mathematical problems from a didactic perspec-
tive is important and relevant, in such a way that it collaborates with the decision-making
process for didactic reflection before or after the problem posing process. We can state,
based on the data analysis, that the reflection stage is more enriching and profound for
education of prospective teachers.
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Abstract. Faced with the palpable effects of climate change among many other
environmental situations, many governments have put emphasis on environmental
education in schools, in order to raise awareness in youth about the importance
of these problems. However, there is a gap between the knowledge imparted in
school texts developed in a national level, and the real knowledge and awareness
of the local situation by students. This article seeks to identify this breach by
conducting research on university students in Arequipa, Peru. Subsequently a
methodological framework for the development of the Environmental Atlas of
Arequipa is devised, as an educational tool to complement local environmental
education. Finally, strategies are proposed for the dissemination and use of such
atlas as a massive instrument for urban environmental education in Arequipa.

Keywords: Environmental education - Environmental awareness -
Environmental atlas - Arequipa

1 Introduction

Citizen participation at all levels is key for the development of successful environmental
management, as well as for the commitment of the population to solve environmental
problems and to increase resilience in society [1]. Education is very important and
effective way to foster participation and in raising awareness about increasing resilience,
especially when it is based on knowing and solving local problems through interactions
between learners and their biophysical environment [2]. Both an integral education and
an effective environmental management need access to systematized, accessible and
understandable information: however, in countries of the Global South, this information
is usually inaccessible, dispersed, is very technical or simply does not exist. It is also
necessary to give a new approach to environmental education, by incorporating local
issues into the discussion on global environmental issues that are typically taught in
schools. This approach will allow to modify attitudes and collective behaviors [3], which
will be easier and more effective by the use of massive communication tools [4].
Environmental education in Peru has made significant progress through the imple-
mentation of the National Environmental Education Plan (PLANEA), designed to
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encourage the discussion of problems such as climate change, health, risk management
and environmental efficiency in schools throughout the country. This has motivated
awareness and even youth activism on environmental issues.

However, local environmental problems are much less known by the community,
given the lack of available information or simply the absence of it. In particular, many
university students, although they have empathy for matters concerning ecology, are
unaware of both the characteristics, the magnitude and the location of the environmental
problems of their locality, particularly in the case of areas away from the capital. This
is due, partially, because school texts used for learning are developed mainly in Lima
and do not address situations at the regional, provincial or metropolitan level, and also
because of the lack of systematized and organized information that can be easily known
by the community.

The lack of an integral knowledge of the local problems has important effects on
the city’s environmental deterioration and its low resilience. Given this situation, this
research aims to establish the degree of awareness, in terms of attitudes and behaviors,
as well as the spatial knowledge of environmental problems, by university students in
Arequipa.

Subsequently, a methodology is proposed to create a mass education tool such as
an environmental atlas, as well as to develop a strategy to disseminate this document
among the community, particularly in the city’s schools.

2 An Overview of National and Local Environmental Education

In 2015 the UN defined 17 global objectives as part of the new sustainable development
agenda, which seeks to eradicate poverty, protect the planet and ensure the prosperity
of all its inhabitants in a period of 15 years [5]. Although the Sustainable Development
Goals (SDGs) are interrelated, “Sustainable Cities” seeks “to make cities and human
settlements inclusive, safe, resilient and sustainable” [6].

In this regard, environmental education is key to achieve sustainable development.
Howeyver, there is a difference between education about and education for the environ-
ment. While education about the environment is driven by contents, education for the
environment enables students to think critically about environmental issues and take
measures to address such situations [7]. Similarly, it is suggested that education can
not only be about resilience as a concept, but can also guide students to build resilience
within their own local surroundings, their neighborhood, their school or any other social-
ecological system where they live. Critical thinking and the proactive attitude of action
inherent to education for the environment, as well as skills that address resilience qual-
ities such as the capability to include multiple sources of knowledge and perceptions in
managing decision making, would be important in an education that is designed to build
resilience [2].

In Peru, the development of the National Environmental Education Plan (PLANEA)
has been promoted through collaboration between the Ministry of Education and the
Ministry of Environment [8]. This process was carried out in a participatory fashion and
was validated in several workshops and meetings with a large attendance of stakeholders
from public entities (ministries, regional and local governments, etc.), private institutions
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(companies, universities, NGOs, etc.) as well as civil society organizations (rural and
indigenous communities, environmental volunteer networks, etc.).

PLANEA is composed of four themes: (a) Climate change education, aimed at
increasing awareness and capacity to adapt to climate change, (b) Health education,
which aims at improving healthy lifestyles in the educational community, (c) Eco-
efficiency education, to develop skills in research, business participation and applicability
of progressive control of environmental impacts and (d) Education in risk management,
in order to promote a culture of prevention and adaptation.

Among the most effective methods to foster local education and environmental man-
agement at various levels are the environmental atlases, which are specialized compendi-
ums that address, define and discuss the main characteristics of a given place. One of
the first experiences of developing an environmental Atlas was in Porto Alegre, Rio
Grande do Sul, Brazil [9], a city where several environmental and participatory policies
had already been developed. Published in the year 2000, the Atlas systematized the
city’s environmental information, becoming an important instrument for city planning.
At the same time, the atlas became an effective means to disseminate local environ-
mental information among citizens, particularly teachers and schools in Porto Alegre,
promoting active citizen participation [10]. Over the course of 2 decades, the atlas has
contributed to the construction of an environmental identity in schools, building con-
cepts of value of its communities, improving the knowledge of the city’s problems and
contributing to the conception of solutions by its citizens [11]. After 20 years of its
publication, the Environmental Atlas of Porto Alegre has been digitized and is available
for consultation on the web for free, although it does not have the characteristics of a
geo-digital platform, and it is only an online book, it is a reliable source reachable by
anyone [12].

After this successful experience, the Education Program for Urban Management in
Peru (PEGUP) [13], in agreement with the IHS and ITC institutes from the Netherlands,
developed Environmental Atlases in Arequipa, Lima, and Trujillo, having as a coun-
terpart to the municipalities of these cities. An atlas draft was developed in Arequipa,
but for political reasons, it was never published by the municipality. However, it served
as a model for the environmental atlases of Lima (on a provincial scale) [14] and Tru-
jillo (on a provincial and metropolitan scale) [15], which were indeed published. These
publications served used as a reference in various research projects of these cities. In
the case of the environmental atlas of Lima, citizenship education and awareness were
encouraged, for which it was distributed freely to several universities, to several public
schools and to the district municipalities [16]. This atlas was a high-quality technical
tool, but unfortunately, its dissemination was not continued again for political reasons.

3 Materials and Methods

Several methods have been used in order to address each of the research questions.

3.1 Characteristics of School Textbooks

Various school textbooks on Science and Technology were reviewed, verifying their
content on environmental issues and their degree of specificity at national, regional
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or local level. Students were also interviewed about the importance of these books in
developing their awareness of environmental problems.

3.2 Knowledge of University Students About Environmental Problems
in Arequipa

(a) Evaluation of attitudes and behaviors on environmental issues

An electronic data collection sheet was created using a Google form (https://forms.
gle/vK7KGiy92ryjk6ob9). The instrument evaluated sociodemographic variables such
as age, academic training, attitudes and behaviors on environmental issues by the
population surveyed.

Questions such as: “I am concerned about the amount of waste produced in Peru”.
“More land should be reserved for wild habitats” or “I think I can contribute to the
solution of environmental problems” were included for evaluating attitudes. Questions
such as “I strive to reduce the number of products I consume”, “I avoid buying products
that have a negative impact on the environment”, or “I recycle paper, glass and/or metal
waste products at home or at school” were included for the evaluation of behaviors.
Subsequently, a sum of every graded question was made according to attitudes and
behaviors. The survey was distributed through the use of social networks. Likewise, the
evaluation of the results was carried out using the Excel software and SPSS Statistics.

The Likert scale was used to calculate the results, which were then converted into
percentages and analyzed under the following ranges; group A, including percentages
greater than 60, which indicates a highly developed environmental culture. Group B
comprised percentages between 50 and 60, representing a moderately developed envi-
ronmental culture and group C involved percentages lower than 50 indicating very little
awareness on environmental issues.

(b) Evaluation of the spatial situation of the environmental problems of Arequipa

A graphic survey was carried out with 4 maps requesting the identification and
graphing of points or areas of (a) risk of disasters (b) environmental problems in the
Chili River (c) urban heat islands (d) loss of green areas. Although in recent years the
massive use of geographic applications such as Google Maps and others based on maps
has developed a lot of spatial knowledge, especially in young generations, a group of
first-year architecture students from different realities and socioeconomic strata were
chosen for the survey. Architecture students receive training in spatial knowledge and
thus the potential cartographic illiteracy was not an obstacle to express their ideas on a
map.

Subsequently, the maps were digitized into ArcGIS, converted to raster format and
then, overlaid through map algebra, in order to identify which were the areas that most
students perceived as problematic. Finally, these maps were contrasted with official ones
produced by the municipality.
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3.3 Methodological Framework of Environmental Atlas of Arequipa

In order to compile and systematized different types of information, Geographic Infor-
mation Systems were used as a powerful analysis and modeling tool [17] that promotes
research and a better understanding of several environmental issues [18, 19]. After
defining cartographic base maps at a provincial and metropolitan level, the different
themes were compiled in a geodatabase, which was standardized and georeferenced in
the WGS84 Projected Coordinate System and the 18S zone. According to the kind of
information, 2 types of maps produced:

1.

Cartographic representation: obtained from primary sources, whether national,
international or self-produced.

(a)
(b)

(©)

Vector maps: Made up of a georeferenced vector graphic component (points,
lines or areas) and a database [20].

Satellite photographs: were obtained from various international sources such
as USGS /NASA’s Global Explorer, and used as background for contextual
reference.

Creation of ortho-mosaics: Historical aerial photographs have been ortho-
referenced and re-projected because they have a photographic distortion as
they approach the edge of the image, due to the angle generated by the surface
photographed with the aircraft [21].

Scientific analysis based on GIS: In these cases where new information was
produced through a GIS operation.

()
(b)

(©)

(d)

Statistical analysis: made of the combination of vector maps or raster image
analysis.

Point density maps: characterize the pattern of point distribution and its agglom-
eration variations with respect to the study area [22], simplifying a large
amount of information and show the trends of a given point map, based on
its concentration or dispersion.

NDVI multispectral analysis: For the analysis of Landsat 8 satellite images, the
ENVI program has been used, which allows the study of the different bands
that make up a multispectral image. A map algebra correction, a radiometric
correction, and an atmospheric correction were made by the FLAASH method.
Finally, spectral indexes were used to generate the NDVI image.

MODIS multi-temporal vegetation change analysis. Images from the same
month of two different years are used, using the MOD13Q1 product of the
MODIS satellite. Map algebra was used to subtract the most recent image
from the oldest and later reclassified to determine the gains and losses of the
vegetation cover.
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(e) Temperature maps based on satellite imagery and drone survey: allows verifying
the surface temperature and urban heat islands. The TIR (Thermal Infrared)
image of Landsat 8 was selected, the respective projection, the radiometric, and
atmospheric corrections and finally the conversion of Kelvin degrees to Celsius
were made in order to show the location of heat islands on a macro scale. For a
microanalysis a Flir Duo camera mounted on a drone has been used, in order to
determine the air temperature, humidity, atmospheric conditions and emissivity.

4 Results

4.1 Characteristics of School Texts

For this research, books of the Science, Technology and Environment course, produced
by Brufio Publishing and Santillana Publishing were reviewed. The texts addressed
environmental issues in a graphic and didactic way, but their scope was global and their
specificity level was general. The texts are aimed at creating environmental awareness
in the student, but not to develop a critical and proactive attitude towards problems.
In conversation with the students, they referred to some activities carrying within the
course, such as classifying products for recycling, activities that are important but are
applicable to any reality, and not developing an understanding of the real problems of
the locality. The revised materials referred to environmental issues globally and, very
occasionally, at a national level at most.

4.2 Perception Surveys

(a) Evaluation of attitudes and behaviors on environmental issues
Data were collected from 282 people, which were processed and systematized
according to their professional background [23-25]. They were distributed as follows;

45.65% corresponds to university and college students, and 54.3478% corresponds to
graduates and professionals (Table 1).

Table 1. Data analysis.

Educational level Component | Average | Standard deviation
University/college Attitudes 48.8% 6.893
students Behaviors 58.9% 15.832

Graduates/professionals | Attitudes 47.6% 6.474
Behaviors 62.5% 15.339

Universities and college students are placed in category C regarding their attitudes
and B as for their behaviors, with a medium to low environmental awareness (Fig. 1).
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Fig. 1. Attitudes and behaviors in university and college students

Also, most professionals belong in category A regarding behavior, which means that
in their actions demonstrate positive behaviors with the environment, but they have less
positive attitudes, as they fall into category B (Fig. 2).
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Fig. 2. Attitudes and behaviors in graduates and professionals

The results indicate that among the interviewees there is an interest and empathy for
environmental issues. However, there is a lack of knowledge about the environmental
problems that afflict the city. Bad practices are also evidenced in terms of environmental
awareness. Having small improvement in these behaviors by large numbers of people
can have a great positive impact on society.

(b) Evaluation of the spatial situation of the environmental problems of Arequipa

The surveyed students have had a different level of certainty in their answers. For
example, in the question “locate the areas of greatest risk”, the answer has been in general
terms, close to reality, placing the areas of greatest risk in the foothills of the volcanoes
and near the river. Without the responses, the creeks were not included, which when
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activated in the rainy season are flood areas that produce the greatest number of material
and human losses (Fig. 3A and B).
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Fig. 3. (A) Summary map of the perception of disaster risks drawn by interviewed students. (B)
Disaster risk map made by the author based on official risk map by the Planning Institute of
Arequipa. IMPLA.

The rest of the questions have had answers mostly away from reality. For example,
when faced with the question “locate the areas of agricultural land loss” the answers
were very far from the real situation, even if the agricultural areas were plotted on the
map provided to the students (Fig. 4A and B). A similar case has resulted in the resulting
maps to the questions related to pollution and heat island, which shows a poor spatial
knowledge of the position of local environmental problems.

4.3 The Development of the Environmental Atlas of Arequipa

In order to contribute to the improvement of the deficiencies of environmental education
evidenced in both surveys, an environmental atlas has been developed that has had the
participation of more than 20 professionals from different fields, giving it a multidis-
ciplinary and transversal approach. For the first edition, a printed version was chosen
instead of a digital one, since in Arequipa the reading of electronic books on tablets or
computers is not widespread among school students and the general public, due to tech-
nological and economic constraints. On the contrary, a printed book can be easily read
and shared between users who do not have a computer available or who are not familiar
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Fig. 4. (A) Summary map of the perception of loss of agricultural land drawn by interviewed
students. The darkest spots identifies and area where there is not and has never been agriculture.
(B) Loss of agricultural land map made by the author based on official risk map by the Planning
Institute of Arequipa. IMPLA.

with certain digital technologies at the time of reading. Although the development of an
interactive digital atlas is the natural next step of the project, the most important thing is
the construction of a consistent and systematized content through a geodatabase, which
can be used in both printed and digital formats.

The atlas is based on the systemic approach, which is the study of the ecosystems
that make up our habitat as well as the relationships and flows of matter and energy that
co-exist in them. An ecosystem is composed of two elements: the Biotope: which is
the “territory or living space whose environmental conditions are adequate for a specific
community of living beings to develop init” [26] and the Biocoenosis: which is formed by
“all the interacting organisms that live together in a specific habitat or biotope, forming
an ecological community” [27]. However, the systemic approach also focuses on the
ecosystems’ interrelations [28].

For educational purposes, emphasis has been given to certain themes, grouped into
three main areas: (a) The natural environment: which addresses the study of ecosys-
tems and their two main elements: biotopes (the territory, soils, hydrology, climate,
and temperature) and biocoenosis (flora and fauna); (b) The built environment: it cen-
ters on the city’s constructed habitat, its urban evolution, the monumental heritage (as
Arequipa’s city center is a UNESCO heritage site), the main land uses, the road infras-
tructure and the agricultural and recreational green areas; and (c) The social-cultural
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environment: it focuses on the relationship between the society and the environment:
the demographic configuration of the community, its activities towards risks, resilience
building and environmental culture.

Despite this classification, several topics are interrelated, using the multi-thematic
analysis capabilities accessible by GIS.

5 Strategies for Spreading the Atlas Among School Students

The Environmental Atlas of Arequipa will be introduced to schools after March 2020,
therefore it is not feasible at this point to measure the impact that it will produce among
the community, particularly school students. However similar surveys will be conducted
in 2022 to understand if this publication had an effect in the improvement environmental
education and awareness as well as spatial knowledge among young university students.
However, some approaches may allow better acquirement of the atlas content.

(a) Massive atlas dissemination
The Universidad Catélica de Santa Maria which has published the atlas, might play
an important role in incorporating the content of the atlas into the environmental
education of Arequipa students, through two concrete measures:

(1) The donation of a number of books to public libraries and schools organizing,
along with other universities, several diffusion workshops.

(2) The inclusion of the atlas content in the university entrance exam. This will
encourage pre-university students to read and discuss local environmental
problems to be readily prepared for the exam.

(b) Development of an interactive digital version
After the printed version the production of a digital atlas is planned. The advantages
of the digital format include its periodical update in an easy way, the interactivity
with the user, the friendly navigation between superimposed layers, the possibility
to carry out verification in situ, the opportunity of zooming in and out maps to a
larger scale and the exchange of various types of information.
A web-based version will be a platform that will allow interaction with the user com-
bining and comparing different levels of information. Additionally a mobile applica-
tion version will display concrete layers, such as land use, risk areas, watercourses,
natural areas, etc. in order to promote in-situ learning activities.
The expected results after the publication of the Environmental Atlas of Arequipa
in its physical and virtual stages are (a) the reinforcement of the knowledge and
awareness of local environmental issues to enrich the citizens environmental culture,
particularly the young population and (b) its contribution in decision making as
well as a model for capacity building focused around the environmental culture.
Additionally, it can encourage the creation of new environmental atlases related to
other districts, provinces or other cities in Peru, based on the Environmental Atlas
of Arequipa.
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6 Conclusions

e Environmental education is considered to be one of the pillars of sustainable develop-
ment in cities, being transversally and closely linked to environmental culture [29, 30].
In order to transform young people’s environmental culture, it is central to combine
general knowledge with local environmental awareness.

e According to this study, there is no evidence to indicate that the school texts contributed
to local environmental education since they have a very general approach and content.

e This is associated to the fact that many young university students have moderate to low
environmental behaviors and attitudes. However, a small percentage of professionals
showed good environmental behaviors, as they got higher results compared to the
group of students; therefore, it can be deduced that university education contributes
positively but not significantly to the improvement of environmental culture.

e This is related to the fact that many young university students have moderate to low
environmental behaviors and attitudes. However, a small percentage of graduated
professionals show developed environmental behaviors as they afford higher results
when compared to the group of students; therefore it can be inferred that university
education contributes in a positive but not significant way to the improvement of
environmental culture.

e The shortcomings in spatial knowledge of local environmental problems are obvious.
The dissemination of the environmental characteristics and problems of a city must
be an important aspect of environmental management among decision-makers and a
powerful instrument of environmental education at different levels.

e Environmental atlases have become effective instruments to promote both envi-
ronmental management and education, being resources for the acquisition of new
knowledge, providing a framework for citizen participation.

e Universities can play a role in disseminating the content of the atlas, encouraging
the discussion of local problems and envisioning of possible and well-documented
solutions.
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Abstract. Aim: Allow online training, evaluation and feedback of Obstetrics stu-
dents in emergency care: obstetric haemorrhage (red key). Methods: an analysis
of the current state of the teaching of emergency obstetric haemorrhage was per-
formed, the basic requirements, functionalities and deliverables were based in the
SCRUM methodology. A web server, a “Somee” database management system,
SqlServer and Visual Studio application development environment were required.
The database model was designed based on the emergency learning requirements
identifying all the entities, standardization techniques of the tables originated from
the entities were applied; the user interfaces were designed. Conclusion: The GEO
web application provided the feedback of knowledge to the Obstetrics student after
its use and evidenced in the results an improvement in the qualification (p <0.05).
The use complements the teaching that is currently practiced in the classrooms,
promoting the improvement of the quality of teaching through the integration of
a new self-learning model.

Keywords: Emergency - Hemorrhage - Obstetric - Web application - Submit -
Visual studio - SqlServer

1 Introduction

According to the World Health Organization (WHO), “complications of pregnancy,
childbirth and the puerperium are the first cause of disability, disease and death in repro-
ductive age” [1]. The WHO report indicates that dealing with the situation described
above is not complicated, if simple measures are taken, such as the application of accessi-
ble, affordable services and quality and trained professional staff in the mother and child
area. Several studies show that there is no adequate emergency obstetric care (COE) and
that this is mostly due to the absence of properly trained obstetric personnel [2, 3].
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1.1 Description of the Problem

Scientific evidence allows obstetric professionals to perform essential obstetric func-
tions and procedures, it is a cost-benefit strategy to improve maternal and child health.
However, it happens that cases of obstetric emergencies happen very sporadically, so
that specialized obstetric personnel are not in constant practice of the unique procedures
established to apply in these scenarios [4, 5].

Within the emergency entities of obstetric hemorrhage, postpartum hemorrhage
(PPH) that is commonly defined as a blood loss of 500 ml or more within 24 h after
delivery, while severe PPH is defined as a loss of blood of 1000 ml or more within the
same time frame. PPH affects approximately 2% of all women in labor: it is associated
not only with almost a quarter of all maternal deaths worldwide, but also the leading
cause of maternal mortality in most countries Low income PPH is a significant factor that
contributes to severe maternal morbidity and long-term disability, as well as a number
of other serious maternal diseases generally associated with considerable blood loss,
including shock and organ dysfunction [6].

Attention of Obstetric Emergencies in Real Scenarios. At national and regional level
there is a health system by levels of care in order to attend EMERGENCIES in this
case OBSTETRIC; In Arequipa there are Hospitals level II and level III that receive
the references of peripheral establishments such as Health Center level I-4 that attend
normal deliveries and in case of any complications refer to the hospitals; and Health
Centers and Posts that attend 12 h that attend normal obstetric conditions that, in any
event, are also referred to CS level I-4 or Hospitals [7].

In the Arequipa region, 80% of normal (eutocic) births are attended by obstetric
professionals with the appropriate capabilities to provide obstetric care under normal
conditions and to be able to identify or detect the presence of any pathology to be able
to refer timely [7].

This system has some flaws in both the attention process and geographical and
cultural accessibility.

Maternal health continues to be one of the priority public health issues at the interna-
tional and national levels. The events related to pregnancy, childbirth and the puerperium
are considered as preventable deaths, which must be measured meticulously, because
they have sub registration and problems in the quality of the diagnosis, so the possibil-
ities of addressing mortality in pregnancy, childbirth and puerperium using other data
sources and not only death certificates, are very relevant [8].

The reason for maternal death in Peru for 2015 was 68 x 100,000 live births. Accord-
ing to estimates of the maternal mortality ratio (1990 to 2015) made by WHO, UNICEEF,
UNFPA, the World Bank and the United Nations Population Division, Peru reached an
RMM of 68 maternal deaths per 100,000 born alive, for the year 2015; Therefore, our
country is considered to have made progress towards improving maternal health and
achieving the MDG [4]. In 2015, 443 cases of maternal death were reported in Peru,
63% directly during the puerperium, 63% and 9% birth, with obstetric hemorrhage being
the first direct cause of maternal death [9].

MATERNAL MORTALITY due to direct causes (pregnancy, childbirth and the
puerperium) is still average in the Arequipa Region (15 maternal deaths x 100,000 nv
in 2015), that is, they have died from obstetric hemorrhage, pregnancy-induced hyper-
tension and obstetric sepsis such as First causes, all preventable but that, because they
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were not treated properly or too late, ended in maternal death [7]. To reduce mater-
nal mortality, there must be health services that offer quality essential obstetric care
and that these are used by pregnant women either in simple alerts or for emergencies,
which is where more misfortunes occur [10, 11]. Regional medical professionals and
obstetricians at the Ministry of Health (general practitioners 1123 and obstetricians 542
between hospitals and peripheral establishments) [7], some hired and others appointed
carry out their activities with great dedication and responsibility, the Ministry of Health
constantly trains to its professionals but it does not have universal coverage since those
chosen to go to a training must make replicas in their establishment of origin that almost
always does not occur in the same conditions as the original. It is necessary to make a
global refreshment of the obstetric emergencies permanently to the staff so that they are
expedited to act in case of any emergency and have the necessary instruments to achieve
this cooling when required starting from the undergraduate.

The Faculty of Obstetrics and Childcare (FOP) of the Catholic University of Santa
Maria-Arequipa was created in 1977 and since then (38 years ago) has been training
professionals whose profile is aimed at training professionals in obstetrics and childcare
of high academic level, scientific and humanistic, identified with the country’s health
problems with a focus on Family and Community Health at different levels of care, espe-
cially the most vulnerable mother-child group and throughout the process of Women’s
Sexual and Reproductive Health, Family and Community (FOP Mission 2015) [12].

Throughout the operation of the Faculty, there have been 4 curricular restructuring
opportunities based on the scientific and technological advances of the current obstet-
rics, making it increasingly clear that it tends to have a modern and competence-based
curriculum. In V, VI, VII and III semesters there are specialized training subjects with
theoretical and practical classes of the Physiological Obstetrics and Pathological Obstet-
rics Courses where knowledge is imparted, it is possible to promote skills and abilities
with practical sessions and favorable attitudes towards Obstetrics. Currently there are
2 subjects related to the teaching of Obstetric Emergencies the Pathological Obstetrics
I and Pathological Obstetrics II courses by gynecological obstetricians, the theoretical
classes of these Courses of 2 h per week and the practical classes of 2 h per week in
clinical fields Hospitals Level II and III of the Ministry of Health and Health.

The theoretical evaluation is through the application of several instruments such as
written tests, seminars, exhibitions. The practical classes are evaluated in the clinical
fields with real patients in the application of standardized care protocols through the
International JHPiego Guidelines of the John Hopkins University (EU) [13] and the
Ministry of Health (Care Standards) [14, 15]. In 2000 the Jhpiego Corporation donated
to the FOP Anatomical models for teaching in Reproductive Health that is used by
teachers and students in the different subjects of the specialty.

It has been observed on several occasions and as stated by graduates of the FOP,
that the training in Pathological Obstetrics was limited by access to patients with some
risk that limits professional practice but that there may be emergency cases that must be
resolved is that new ways of approaching the teaching of these topics are required. To
date there is NO teaching based on the use of computer technologies of these subjects
which could be a very valuable instrument in the field to promote and deepen the forms
of action in scenarios that could arise.
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The implementation of continuing education programs that impact public health
policies and active participation within the interdisciplinary group that attends to the
mother-child binomial in public health surveillance activities and development of man-
agement guides in the area of perinatology can contribute within reach of these national
and global goals. Several studies showed that adequate emergency obstetric care (COE)
was not available and that it was mostly related to the absence of adequately trained
personnel [8, 11].

Competency-based training was introduced at MINSA 8 years ago, covering
evidence-based practices for normal delivery as well as COE. For skills-based training,
skill modeling, the use of standard protocols and evidence-based practices are essential,
particularly for the initial management of obstetric emergencies are essential to ensure
the survival of a woman. Current evidence-based practices, including the practice of clin-
ical skills in anatomical models, followed by the practice of initial competencies under
supervision, first, and then independently at training sites. The courses focus attention on
the specific knowledge, skills and attitudes necessary to conduct normal deliveries and
perform COE functions in a standardized manner, as well as the skills for interpersonal
communication [13].

1.2 Main problem

For the aforementioned, there is a problem that goes beyond the preparation of the
professional and is that there is no automated, visual and interactive solution at your
fingertips, to guide you in these emergency scenarios, which must be solved in a matter
of minutes because of the high risk of damage to the patient or the fetus and in the
worst case the risk of losing one’s life. There is a gap in terms of having a positive and
permanent feedback on learning achieved in cases of emergency obstetric hemorrhage
and that is not really applicable daily, but only when the obstetric emergency arises.

Against this background, a question has been raised in order to know if it is possible
to develop an application based on information technologies [16], which can contribute
to the performance of the Obstetrics student and consequently to their performance in the
face of these situations so critics. As aresult of globalization, there is currently a growing
and almost widespread, convenience of having access to the Internet through any type
of device and in most places where we are. This reality makes the vision of developing
an efficient and complete solution for this need translate into the development of web
technology [17-19].

In this way you have the option to carry out the implementation and put into practice
the solution so that it can be used by teachers and students of Obstetrics and thus obtain the
indicators that demonstrate the usefulness of the project. Currently, the necessary tools
and/ or support are not available, such as in hospitals or clinics where often if they are
not adequately treated through the single protocol established according to Emergency
Obstetric Care (COE) [13]. Similarly, the Obstetric Emergency web solution (GEO
Web), serves for the evaluation and feedback of professionals specialized in Obstetrics,
in order to optimize their skills and improve their performance. An influential factor in the
performance of the obstetrician professional in relation to the real scenarios of obstetric
emergencies is that they do not have the feedback of the information continuously,
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generating a gap between their knowledge acquired during their years of study and the
implementation of the same.

To produce a competent professional in services, it is required that you handle modern
tools such as mobile devices that are intended to simplify everyday tasks with simple
processes, or the web platform, which is a tool accessible by all [13, 18, 19]. It is
necessary to readjust and strengthen some specific activities in these tasks, because
there are lives involved. Nowadays, it is taking fortifications of services offered in health
centers as well as project development, training, replicas and health internships. Develop
a methodology with the help of technology that is orderly and systematic that guarantees
reducing perinatal maternal mortality by providing comprehensive care for women and
children by health personnel, this is one of the solutions being proposed.

Justification: There is an urgent need to contribute through a web solution that inte-
grates standardized procedures for obstetric emergency care to help reduce the response
time of professionals. Likewise, it is necessary to provide feedback to the obstetric staff
through evaluations, which place them in scenarios that resemble reality or that could
arise in their professional life [20].

Importance: Allow obstetric specialists to have a web-based solution that helps them
perform in the face of obstetric emergencies, and at the same time provide feedback on
their knowledge acquired in their years of study, by using the system continuously.

Limitations of Research: At present, there are few applications oriented to the field
of obstetrics, so this work does not consider any previous work that could have served as
a basis for development; furthermore, the web solution arises based on our own research
and with the contribution of knowledge and experience of a specialist in the field.

2 Materials and Methods

Type of applied research. Quasi experimental research level.

Units of Study: students of the VIII Semester of the Faculty of Obstetrics and
Childcare of the UCSM, Semester Par 2015 preparing for the Internship in obstetric
centers.

The GEO Web application was created using the SCRUM methodology [21]. To carry
out the project, an analysis of the basic requirements, the desired functionalities, previous
information and professional interests was carried out, through meetings and deliverables
based on this methodology. Scrum is an agile methodology for the development of
projects that require greater speed and adaptability in their results.

The executives who apply it in their organizations have two main objectives: to pro-
vide greater value of final products for their consumers and to enhance flexibility in their
processes. The Scrum is based on sprints, established intervals that arise to generate a
deliverable product. In each of them mini projects are developed that serve to improve
the effectiveness of the main project. The main stages of the Scrum are: Sprint planning
where a meeting between the team and the project manager is held to explain how each
point in the interval will be developed. Here, changes, decision making, improvements
and more factors will be evaluated. 2. Development stage where compliance with the
deadlines established for its term is ensured. 3. Sprint review to analyze and evaluate the
results. The following points are included: Collaboration between teams, supervisors,
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managers and product owners, external analyzes are allowed as a form of complemen-
tation. The work team responds what has been developed and what shortcomings they
have had. Based on this, you can return to the planning stage to evaluate how to improve
the next sprint. The review includes how, so far, the product could generate more value.
The capabilities of the team, the timeline, among other details, are analyzed to know
what to boost. And the feedback where the results can be delivered to receive feedback
not only from the professionals within the project, but also from the people who will
directly use what they want to achieve; that is, potential customers. The lessons learned
during this stage will allow the next sprint to be much more effective and agile.

Subsequently, a technology selection process was carried out in order to identify the
most appropriate to the requirements of the need. The proposed solution has required a
web server, a database management system and an application development environment.
In this order Free server called “Somee”, SqlServer and Visual Studio development
environment were selected. The development of work in three major stages. First, the
database model was designed based on the requirements raised by identifying all the
entities and as part of the data processing it was necessary to apply the standardization
techniques of the tables originated from the entities. Information needed for the records in
the tables was also collected. Second, the user interfaces were designed, an identification
page was developed at a first level that controls access to the system and differentiates
functions according to the type of user, then a search tool that provides the user to
obtain a list of obstetric emergencies with keywords. Finally, an evaluation module was
developed to analyze the performance of obstetric personnel. To provide the functionality
required to the application, a set of routines were developed that include querying and
updating at runtime the information shown in the interface, consulting and downloading
external files in PDF format.

Software Engineering or software engineering process is defined as: “a set of partially
ordered stages with the intention of achieving an objective, in this case, obtaining a
quality software product” [20].

This process is also called the software life cycle that comprises four major
phases: conception, development, construction and transition, viewed in the context
of a methodology called traditional, classical or predictive.

e Conception: Defines the scope of the project and develops a business case.

e Preparation: Defines a project plan, specifies the characteristics and the foundation
for the architecture.

e Construction: Creates the product.

e Transition: Transfers the product to users. To carry out this software development life
cycle in which the development phases are defined, it is necessary to establish the
most suitable models, depending on each type of project [21]. In this Case the choice
was: Cascade Model: Linear life cycle, although it supports iterations. It is defined
as a sequence of phases in which at the end of each of them the documentation is
gathered to ensure that it meets the specifications and requirements to move on to
the next phase: requirements, design, implementation, verification and maintenance.
The progress flows from top to bottom, in a cascade fashion. To carry out this soft-
ware development life cycle in which the development phases have been defined, the
Logical Architecture of the System “architecture of 3 or more layers” [21] was used.
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This architectural style logically separates and in some cases physically, the presen-
tation aspects of the interface layer, the application layer and the storage layer. The
interface layer contains the graphical user interface that allowed users to interact with
the system. This layer was implemented using JavaScript, HTML, CSS3, AJAX and
all its menus. The application layer contains the logic and rules for storing data in
the database layer and also for retrieving these according to the needs of the users.
Finally, the storage layer saved the data required by the system [16].

Interface Design: The interaction with the system is through a Web browser; specifi-
cally, the system interfaces are Web pages generated by the GEO Web system hosted on
a cloud server. The programming language used to elaborate the pages is HTML which,
despite being a standard, is interpreted differently by some Web browsers. For this rea-
son, techniques were used that allowed to anticipate these situations, such as Cascading
Style Sheets CSS) whose use in Web pages minimizes the risk that the interface alters
its appearance when using Web browsers different from the traditional ones. On the
other hand, for the design of the interface it was also taken into account that users with
different levels of knowledge will employ the system; this requires an interface that is
scalable, intuitive and easily accessible to the user. For the development of the interfaces,
the main sections or areas contained in the interface adopted will be indicated through
a numerical identifier to be explained later.

Database Manager, an analysis and selection were carried out taking into account the
main characteristics of each database manager, as well as its advantages, disadvantages
and other criteria, which helped us to choose the most appropriate manager according
to the needs of the draft. In addition, it was necessary to take into account which tool
is associated with the greater knowledge and usage, since it is a criterion with higher
priority. The database manager chosen was Microsoft SQL Server, mainly because of its
query processing power, and for allowing us to control, through its security features, the
instance in which the database is located. In addition, it offers a very simple way to save
backup copies and restore them to another server, which is necessary for the migration
to the cloud that this project required.

SQL is a language of access to databases that exploits the flexibility and power of
relational systems allowing a wide variety of operations in the latter. It is a declarative
language of “high level” or “non-procedural”, which thanks to its strong theoretical
basis and its orientation to the handling of record sets, and not to individual records,
allows high productivity in coding and object orientation. In this way, a single sentence
can be equivalent to one or more programs that are used in a low-level record-oriented
language [21].

To feed the content of the issues of the red key emergency obstetric haemorrhage,
the manuals and teaching guides of the Ministry of Health and the Jhpiego Corporation
[13, 24] were taken as a reference. It was used Scenarios or Clinical Cases. A clinical
case is the orderly description of both the events that occur to a patient in the course of a
disease and the complementary data provided by the diagnostic procedures, the course
of clinical reasoning, the diagnostic conclusion, the treatment used and the evolution of
the patient. A clinical case is hence a detailed presentation of the symptoms, medical
signs, diagnosis, treatment and follow-up of a patient.
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Processes for the analysis of Use Cases were executed: Use Case Development, Start
User Session, Start Administrator Session, User Management, Evaluation Management,
Emergency Process Management, Surrender of Evaluations - See Results, Search and
Review of Emergencies, Generation of Evaluation Reports.

The following Fig. 1 shows the sections of the visual interface of the Care Guide-
Basic user.
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Fig. 1. Visual interface of the emergency care guide - basic user.

Section 1: Top Menu, shows during all the navigation of the system so that it allowed
to move through all the main modules.

Section 2: User options, shows the name of the user who entered the system and is
currently in use, as well as the option to end the session.

Section 3: Search Panel.

Section 4: Search Box, is intended to allow the user to enter keywords through which
they can find emergencies accurately.

Section 5: Search Tree, allows the user to find emergencies according to a
standardized classification across categories.

Section 6: Emergency Assistance Guide, is the core of the system since it is here that
the user can move step by step for the correct attention of the required emergency.

We used frequency tables to show descriptive analysis. Chi-square test was used to
compare categorical variables. We considered a significance level of 5% (p<0.05). Data
processing was performed using SPSS software.
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3 Results

Prior to entering the Geo Web Platform, students were evaluated with a written test with
the same parameters as the evaluation of the application, where a third of the students

had a result of 10 to less than a disapproving note. And a satisfactory note only 16.2%
(14 or more), as seen in Table 1.

Table 1. Writing assessment of Emergency Obstetric Hemorrhage

Writing assessment | No. Of students | Percentage
Less than 11 8 32.4
11-13 13 514
14-15 4 13.5
16-20 1 2.7
Total 26 100.0

Source: Written evaluation

After registering and entering the system where through the applications they studied
and resolved clinical cases of the emergency, they entered the online evaluation where
the majority of students had a satisfactory evaluation 14 to more: 57.7%; as seen in
Table 2.

Table 2. GEO Web evaluation of Emergency Obstetric Hemorrhage

GEO Web evaluation | No. of students | Percentage
Less than 11 7 26.9
11-13 4 154
14-15 6 23.1
16-20 9 34.6
Total 26 100.0

Source: GEO Web

The GEO web evaluation interface is shown below (Fig. 2).
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Fig. 2. Visual interface for the geo web evaluations.

Figure 3 shows the evaluation through the application GEO Web improved the per-
formance in the evaluations being the results in the platform superior to the written
evaluation that had the same parameters as that of the platform, these being significant

differences (p <0.05).
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Fig. 3. Results comparison of written assessment and Geo Web evaluation.
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4 Discussion

Given the need for a system that uses information and communication technologies,
in December 2015, the official launch of Geo Web v 1.0 was carried out, with the
concurrence of students, authorities of the Faculty of Obstetrics and Childcare, and the
Teacher in charge of implementing the content of the GEO Web for emergency obstetric
haemorrhage in the facilities of the Santa Marfa Catholic University, with the aim of
publicizing the correct way to use and interact with each of the application modules
web, it is worth mentioning, that the use of the evaluation module was highlighted as it
would be the fundamental piece to measure both their knowledge and the added value
generated by the system.

Post-Production Scenario, once the system was presented, there was a considerable
time interval for student training using the emergency care guide module obstetric hem-
orrhage (red key) [13, 24]. In this way it was useful both for users to improve their
knowledge and for the system to have real access records in order to keep more sought
emergency controls and frequency of access to the system by users.

At the same time, the results of the evaluation rendered were obtained, which are
compared with the results of the written evaluation developed prior to the use of the
application, with the objective of determining whether the use of the interactive Geo Web
system with a friendly interface, emergency search engine and classified information and
standardized.

Nowadays there are studies that are carried out in the stage of pregnancy, child-
birth and postpartum by means of technology multimedia computer tools, to be able
to show in a real dimension, phenomena that are usually studied theoretically by stu-
dents of medicine and obstetrics [19]. The Medical Sciences Review [25], published an
article about educational software for the development of practical- professional skills
in the subject of gynecology and obstetrics that is constituted by three fundamental
parts that include contents of obstetrics, gynecology and self- assessment questions with
your answers The designed software provides students with continuous learning and
self-evaluation with a useful methodological and didactical approach to reinforce the
theoretical and practical learning of the subject. Its creation responds to a real need that
is satisfied with the use of this teaching medium. The GEO Web only prioritized the
management of the emergency obstetric hemorrhage as a fundamental aspect that an
obstetrician should know how to apply the immediate action measures. Hipolito Breijo
Madera et al. [26] carried out an investigation of the technological innovation type in
the Pedro Borrds Astorga University Polyclinic in Pinar del Rio, from September 2005
to June 2006, deciding to prepare software to quickly show the main parameters of the
Prenatal Care consultation, according to the gestation time Interesting application but
that only involves care during pregnancy with the most important milestones to have
quality care, the methodology used is similar to ours but the issue is obstetric but we
prefer to cover the first cause of maternal death nationwide and Thus, in the future,
it is possible to implement for the most important cases of obstetric emergency, such
as the red code, the blue code (pregnancy-induced hypertension) and the yellow code
(puerperal sepsis).

The universe of this research was made up of all the students of Medical Sciences
who attended the Polyclinic Library mentioned during this period. The sample was
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those students (214) who used the simulator for some reason and voluntarily decided
to answer the applied survey. In the realization of this medium, a 600 MHz Celer6n
microcomputer was used with the Windows XP operating system and the Flash 5 Macro
media software, using Spanish as a language and creating a Prenatal Care (ATENPRE)
consultation simulator with multimedia sequences, which a Through a series of links they
lead the user to recognize the search query. Among the main results is more than 90% of
acceptability, efficiency and utility, concluding that educational software (ATEN-PRE)
is another tool to be used by undergraduate students in the active search for information.

Arturo Atria et al. [27] argues that the current obstetric medical field must rely on
computer resources, not only oriented to the processing of information in databases or
search and consultation of scientific information, but in the use of computational and
computer tools that complement the actions diary. Under this context, a comprehensive
software oriented to the obstetric medical environment has been developed. This soft-
ware is developed for personal digital assistant (PDA: Personal Digital Assistant) of the
Pocket PC type. It allows the calculation and management of information concerning
gestational age, fetal and embryonic biometrics, estimation of fetal weight and national
and international benchmarks, quickly, safely and effectively.

Our work has an impact on the management of obstetric emergencies, given that
in our country these entities can appear at any time and place and in the preparation
of undergraduate there are few opportunities to intervene in these high-risk cases that
endanger the life of the mother and fetus and/ or newborns, which is why the JHpiego
Corporation of Johns Hopkins University [13, 28] trains, prepares and has teaching
materials and manuals available to everyone that help staff to train as is the case of the
Faculty of Obstetrics of the UCSM teachers who attended the Courses and gave replicas
to the rest of the staff but we see the need to also use an application such as the one
created called GEO Web whose use is complementary to what JHpiego offers.

Regarding the completeness of the system, all the information of standardized emer-
gency processes was integrated into a tree view data structure, which for the end user
becomes a category tree interface, which helps navigation effective for it. Complement-
ing the development of the completeness of the system, a data structure was implemented,
which serves as an emergency container for Red Key obstetric hemorrhage and its entire
procedure segmented in care steps.

5 Conclusions

A web solution was developed, which originated in the Faculty of Obstetrics and Child-
care of the Santa Marifa Catholic University, to modernize and optimize the learning
system about emergency obstetric hemorrhage care, which is hosted on a web server
free (www.somee.com), which was selected based on certain criteria. The web solution
is available 24/7 for the use of students who require it, as well as for the administrator.
Complementing with the documentation of the project, in each of the phases annexes
were developed, among which are the database, data dictionary, source code (digital)
and user manuals of/ administrator.

The information provided by the system is focused on the category of emergency
obstetric hemorrhage (red key), this does not mean that the system is static, since it
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has a process management (obstetric emergencies) that allows keeping the information
updated to available to all active users. Tools and feedback were integrated into a web
solution to complement the current learning system and the application of knowledge.
The GEO Web application improved the performance in the evaluations, the results being
better on the platform than the evaluation that had the same parameters demonstrating
the efficiency of the system.

The implementation of information technologies in the specialty of education com-
plements the teaching practiced in classrooms today. This implementation has encour-
aged the improvement of teaching quality through the integration of a new distance
self-learning model with the classroom model, achieving a mixed model which favors
those involved in the learning process (students and teachers).
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Abstract. In this chapter, we present an implementation of scientific narratives
in a chemistry laboratory in secondary school; those narratives were directed to
improving students’ learning outcomes in the topic of oxidation-reduction reac-
tions. The aims of our study were: characterizing the written narratives that stu-
dents produced, and categorizing different ‘types’ of narratives related to the ways
in which they approached the reconstruction of the emerging scientific knowledge.
As aresult, we expected to identify the application of various ‘cognitive-linguistic’
skills in the narratives. Students conducted a series of school science experiments
following the guide of a worksheet of standard protocols. Once the lab activity
was completed, students were asked to write an interpretive text that became an
integral part of their laboratory reports. Our analysis on the narratives showed
that many students approached the written reconstruction of the experiments in a
‘descriptive’ way, but other modes were also present.

Keywords: Secondary school chemistry - Narratives - Written reconstruction of
experiments - Redox reactions - Lab work

1 Introduction

Along the process of teaching chemistry at school, it results essential for teachers to
obtain information on what students are learning and on the ways in which they system-
atize and communicate what they are learning. An important means to get this informa-
tion is via school scientific experimentation: teachers encourage students to formulate
and answer questions on phenomena of the natural world through planning, conducting
and analyzing experiments. Experimentation in the school laboratory contributes to the
understanding of core scientific concepts and procedures, to the use of key scientific
notions and skills in order to develop new understandings, and to the discussion of ideas
on the nature of the scientific activity [1, 2].
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We believe that it is of the utmost importance to develop and implement school
science activities that allow students to theoretically rebuild their knowledge on chemical
phenomena; such ‘rebuilding’ can be fostered and at the same time made visible by
engaging students in the production of written texts. The activity of reconstructing school
scientific experiments through writing involves what can be called ‘cognitive-linguistic
skills’ [3, 4]: procedures based on complex cognitive capacities and conveyed through
oral, written or multi-semiotic texts, which foster the development of competences of
scientific thought [4]. The process of reconstructing experiments through the use of
very elaborate modes of discourse —such as explanation, argumentation, or justification—
constitutes a way of gradually incorporating the normative, model-based knowledge of
chemistry and of using it to make sense of the world in chemical terms.

Scientific conceptualization of the natural world is based on a set of cultural rep-
resentations of the objects and interactions under study that are shared at the interior
of a specific knowledge community. Although reality exists beyond its representations,
theories that explain it are built on the basis of languages with strong syntaxes, invented
during the long history of science. Therefore, from an epistemological point of view,
reality is to a certain extent ‘constructed’ through sophisticated talking and writing
on phenomena. Theoretical models, as conceived by the American philosopher Ronald
Giere [5], can be considered the representational tools that help scientists —and students—
understand phenomena, intervene on them, and construct text-based explanations and
argumentations [4, 6].

Many studies have been conducted in didactics of science (i.e., science education
understood as a scientific discipline) regarding the nature of students’ understanding of
natural phenomena. These have shown that, before formal learning, students hold their
own conceptions of chemical entities and processes, and activate their own explanations
on phenomena. When explaining the world, students use everyday language, which
differs —in terms and syntax— from the language of scientists, thus establishing structural
relations between ideas that are usually very different (and sometimes incompatible) with
scientifically accepted relations.

In what has now become a classic text, Osborne and Bell [7] distinguish between what
they call ‘students’ science’ and ‘scientists’ science’: the former comprises worldviews,
conceptualizations and vocabulary that students have acquired before receiving science
instruction, while the latter refers to the theoretical views widely accepted in the scientific
community, which become the object of science teaching.

Science learning is a continuous and autonomous process of knowledge-building by
each individual, though not in an isolated manner, but rather through rich and extensive
interaction with other people and objects (teachers, peers, teaching materials, experimen-
tal artifacts, digital information). In science classes, teachers ask students to read, write
and talk; in the lab, students make observations and interventions, and communicate
their results, usually through ‘reports’. This variety of activities constitutes a conglom-
erate of processes under on-going communication and evaluation, and this is precisely
what enables the construction of scientific knowledge among students. Different authors
[8—10] state that learning science is done through the progressive appropriation of scien-
tific language, in association with the incorporation of new ways to see, think, talk and
act on facts. As we have highlighted, such ways differ from every day, common-sense
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ways of seeing, thinking, talking and acting. Thus, through scientific language, students
can get access to a different culture, the scientific culture, which is a historical conquest.

In this chapter, we discuss the implementation of narratives in a chemistry laboratory
in secondary school. The ‘scientific narratives’ that we propose are directed to improving
the learning of a specific topic of chemistry: oxidation-reduction (redox). The aims
of the study that we report here were: 1. characterizing the written narratives that a
group of students produced in order to ‘reconstruct’ their lab work, and 2. identifying
and categorizing different ‘types’ of narratives, in relation to the ways in which those
students approached the reconstruction of the emerging scientific knowledge. As aresult,
we expected to identify the organized application of a variety of ‘cognitive-linguistic’
skills in the narratives.

The thirty students participating in our study (aged 16-18) conducted a series of
school science experiments on reactions of oxidation-reduction following the guide of
a worksheet of standard protocols provided by the teacher. Once this laboratory activity
was completed, students were prompted to write an interpretive text, which we called an
‘experimental narrative’. Those narratives, which became part of the students’ laboratory
reports, constitute the corpus for our empirical analysis.

2 Theoretical Framework

2.1 Scientific Narratives

From a theoretical perspective, a narrative serves the purpose of framing and grounding
any substantive linguistic exchange: “We can conceive narrative discourse more mini-
mally and more generally as verbal acts consisting of someone telling someone else what
happened” [3]. This ‘minimal’ definition makes reference to a narrator (someone say-
ing), a recipient (someone who receives the narrative, which in this case will be called
the ‘reader’), events (something that happened), and a timeframe [11, 12]. Linguists
also identify other characteristics of any well-constructed narrative: e.g., structure (i.e.,
correct concatenation of elements), agency (actors performing actions to advance the
storyline), and purpose (the aims towards which the agency is directed) [12].

The implementation of our didactical strategy involving narratives in the science lab-
oratory aims to help moving language and thought from the everyday to the scientific.
Therefore, the incorporation of narratives into chemistry teaching is valuable to stu-
dents’ learning insofar as it encourages the development of the communication skills of
explaining and arguing, which serve an epistemic function: they stimulate deeper reflec-
tion on the learnt scientific notions and they permit to construct plausible and founded
explanations [12, 13].

According to Sanmarti and Jorba [14], narrative is the most common structure appear-
ing in the texts that we usually use in everyday life. Narrative as a textual category often
includes all others, as a narrative text can contain dialogues, descriptions, explana-
tions, assumptions, etc. To be considered a narrative, the text as a whole needs to have
some additional traits: cohesion, identifiable context, subjectivity (i.e., a viewpoint), and
chronological ordering of events.
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2.2 Characteristics of the Narrative Structure

Following [14], it can be said that the structure of a narrative is always developed in three
distinct phases: introduction of the situation, development, and outcome. A narrative
resorts to various linguistic elements that relate the events with time, i.e., temporal
connectors and adverbs (Table 1).

Table 1. Elements in a narrative structure.

Types of text Morphology and syntax Key textual aspects
Written or oral texts: Perfective verbs: distant past | — Chronological order of
— Stories, reports, narrations | or recent past events and ‘narrative order’
of events, etc Elements that provide (alterations of the
— Biographies structural relations to verb chronology for rhetorical
— Fictions, tales, legends, tenses: purposes)
myths — Time adverbs and locutions | — Parts of the narrative:
— News, historiography, etc | — Temporal connectors, introduction, development
conjunctions, etc (with a climax), outcome
(‘dénouement’)
— Narrative viewpoints:
characters’ perspectives,
external narrator, etc

Scientific narratives in the form of scientific reports are a discursive genre that can
be used by science students to express their ideas on the scope, validity and limitations
of a certain scientific position. In a study on the rhetoric of the experiment [15], Azuela
states that scientific narratives in general, and experiment reports in particular, are pieces
of rhetoric (in a conventional definition of the term), as their objective is to persuade
or influence an interlocutor or an audience. Scientific discourse is a discourse of power,
in which rhetoric should be understood as the use of language with the aim of being
effective in all aims of communication; this includes convincing through discourse and
suggesting ways of seeing and courses of action.

In our study, we conceptualize a scientific narrative as a discursive sequence that
includes a concatenated set of ideas on the natural world that the author wishes to
transmit, the facts that justify those ideas with reference to scientific models, the contexts
of effective application of such ideas, and the author’s own conceptions regarding science
and its development [16].

In the context of school science, scientific language is learned by talking, reading and
writing, and by thinking about these processes through the different genres employed by
science. Unfortunately, too much emphasis is given to the writing and evaluation of very
stereotyped texts, such as lab reports [17]. Therefore, the use of scientific narratives can be
a distinct contribution, since it implies understanding scientific language, at least in some
of its aspects, as genuine literary language [18], as a tool for creating and comprehending
the world. In the narration of their own scientific ideas, students need to understand a set
of key concepts in order to reasonably describe how they are conceiving phenomena and
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how they explain them to themselves and others. In the process of textualizing the ideas
in an elaborate format, those ideas, and the words students use to shape them, become
more and more coherent with the theoretical models that they sustain [11].

Narratives on experiments are an instrument that can have advantages for reporting
on laboratory practice [9, 11, 16]. An experimental narrative is a way to reconstruct
first-hand experience with a phenomenon in order to give meaning to that experience
through technical language. Such reconstruction can be understood as the production of
an elaborate ‘factuality’ combining ‘real’ facts accessible to experience and very stylized
transformations of those facts through linguistic resources [11].

Our decision to use experimental narratives is based on acknowledging that it has
been shown that they represent a means of facilitating modeling processes. Narratives
are also a strategy for improving the ‘memorability’ of the activities; they increase
interest in learning and expand the comprehension of what has been learnt. In addition,
they can be used to reflect the fundamental structure of students’ conceptualizations:
making public students’ private thought [19]. Narratives facilitate the appropriation of
diverse cultural knowledge, providing a framework for dialogue between emotions,
reason and experience [20]. They can be used as a tool to ‘play’ with experiences in
a two-way reconstruction of ideas: making the incomprehensible comprehensible (i.e.,
giving meaning, explaining) and making the comprehensible incomprehensible (i.e.,
problematizing, debunking common sense). Both these epistemic actions contribute to
our knowledge of the world and how we interact with it [18].

2.3 Cognitive-Linguistic Skills

Jorba et al. [17] suggests that skills are basic processes through which we deal with
information, process data, draw conclusions, etc., based on acquired knowledge. Using
those skills, students articulate new knowledge into already established structures formed
from a set of representations of behavior and spontaneous ways of reasoning, which are
specific to each individual at each stage of their development. Jorba posits that ‘cognitive-
linguistic’ skills are those processes that are activated to produce different text types,
and that they are ‘transversal’ to all areas of curriculum, while at the same time being
formed in different ways in each of those areas. As a result, these skills cannot be
approached solely from the perspective of the school subject Language, they must also
be developed in every curriculum area in order to avoid the mistake of producing texts
whose structure follows the conventional characteristics demanded by the typology but
which are devoid of content. Cognitive-linguistic skills include: describing, defining,
summarizing, explaining, justifying, arguing and demonstrating.

Studies [11, 14, 16, 17] suggest that, in general, when talking about skills that must
be taught in order to learn science, we normally think of those that are acquired through
performing scientific experiments, such as observing, proposing hypotheses, identifying
and combining variables, designing experiments, collecting and transforming data, and
stating conclusions. In opposition, there are very few examples that consider teaching
skills related to expression and communication of ideas: describing phenomena and
images related to them, defining, summarizing, explaining, arguing in favor of a thesis,
or writing reports, summaries and critical assessments. It should always be considered
that, in the construction and evolution of science, experiments have been a key motor, but
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even more important were the collective discussion of their results and their theoretical
interpretation. Historical experiments are just as essential to science as the books and
papers that are subsequently written in order to structure and publicize ideas.

In a scientific text, entities that anyone can easily identify transform into entities that
not everyone can initially relate to, as they are highly abstract. These give meaning to
the text within the framework of theoretical models [21]. This means that, when students
create texts using ideas that relate to two different levels —i.e., everyday ideas translated
into ideas based on a scientific theory— the way is open for them to meaningfully learn
science. The linguistic skills that generally give evidence of scientific understandings
are description, definition, explanation, justification and argumentation.

According to Jorba et al. [17], description, explanation, justification and argumenta-
tion are sequentially related in order of complexity. In the first place, describing produces
statements about the qualities of the objects, facts or phenomena that are being described.
If a causal connection is made between the description and other ‘reasons’, we have an
explanation. If the statements and reasons have theoretical validity, showing scientific
knowledge, this is justification. Finally, if the acceptability of the reasons for changing
the epistemic value of the object of study is examined, we move into argumentation.

Following these ideas [17, 22], we propose that explanation, argumentation and
justification are higher-order cognitive-linguistic skills that allow students to gradually
appropriate the language of chemistry and give them the ability to build and communicate
ideas about the world applying scientific theories.

2.4 Scientific Models and Narratives

In this chapter, we adhere to what is known as a ‘semantic’ view of scientific models,
taken from the philosophy of science of the last quarter of the 20" century [23]. We
use such a meta-theoretical portrayal of the nature and function of models in order to
engage students in model-based practices when they are learning science. Semantically
defined, theoretical models are the ‘projections’ of a scientific theory onto the world,
or their ‘potential realizations’. Models (of a theory) are the formal correlates of the
pieces of reality that the theory intends to explain. ‘Model-phenomena’ (i.e., stylized
reconstructions of facts by means of theoretical principles) are thus integral parts of all
theories, and not their a-posteriori implementations [5, 23].

A shift in focus to a semantic understanding of models would imply paying less
attention to the most formalized aspects of theories and more attention to meaningful-
ness in the learning of science [23]. Thus, the semantic conception of models opens the
possibility to work with written reconstructions of experiments in school science labo-
ratories. When doing this, models would function as the theoretical representations of
phenomena that hold together the architecture of the scientific texts, including narratives.

In [24], one of us has inspected the function of the so-called ‘narrative rationality’
in science education, under the hypothesis that this mode of thinking can be recognized
in historical scientific texts and in the texts used when teaching science. This mode of
creating scientific meaning would be substantively linked to the historical development
of the disciplines, which configures the famous ‘context of discovery’. ‘Hybrid’ texts,
which present scientific explanations in a narrative ‘vehicle’ or ‘container’, could prove
very fruitful for science education, since they can incorporate ampliative (and especially
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abductive) reasoning, hypothesis generation, and the consistent use of evidence. Such
texts would then require that scientific models play a very specific role: giving structure to
evidence and supporting explanations. Students would use the theoretically reconstructed
evidence as mediation when ‘projecting’ the model to the experimental results, and the
detailed presentation of this process would become the core of the experimental narrative.

2.5 Students’ Identified Difficulties in Redox

The literature has classified the recurrent difficulties faced by students (of different edu-
cational levels) when thinking about oxidation and reduction into two types: conceptual
and procedural [25]. Conceptual difficulties include the following:

e The notion that oxidation and reduction reactions can occur independently.
e The explanation of electron transfer.
e The meaning and designation of states of oxidation.

Procedural difficulties include the following:

o Identification of reagents as oxidizing or reducing.

e Imprecise terminology and linguistic complexity hindering the identification of the
involved substances and their roles.

e Solving equations that are difficult to understand, giving excessive emphasis to the
importance of following established procedures (e.g., ion-electron method).

Another difficulty frequently seen is the definition of redox related to ‘oxygen trans-
fer’: this idea is very appealing to students, as they can argue the participation of oxygen
instead of electron transfer. A study [26] shows that when students are asked why a metal
changes appearance, most of them explain it from a macroscopic viewpoint, arguing that
this change is caused by the exposure of the metal to conditions such as moisture, sun,
water, etc. Few students refer to the redox process, though they understand that elec-
trons are involved in a reaction. The same study also shows that there is a conception
that oxygen always participates in a redox reaction.

When students give explanations on redox phenomena, they generally have problems
with the microscopic explanation and the abstraction of the behavior of atoms and the
interaction of particles. They thus illustrate phenomena through facts, such as the coloring
of the solution, which help identifying the experimental behavior of the system, but do
not account for what has occurred.

3 Methods

The main objective of our study was to identify and characterize the narrative styles
among secondary school students when they explain oxidation-reduction reactions
through the written reconstruction of experiments.
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Our study is based on students’ original productions: the written experimental narra-
tives. We categorize and describe ‘types’ of ‘school scientific narratives’ using two indi-
cators: how they approach scientific knowledge, and how they use cognitive-linguistic
skills.

We analyzed the narratives constructed on an experimental activity performed by
students who use a protocol they were given. Once the activity was completed, the
students were asked to write a text (‘experimental narrative’) about the subject in question
(oxidation-reduction). The narratives formed part of the students’ laboratory reports, and
data was collected from them for this investigation. The corpus of data is constituted by
the narratives written by a class of 30 high-school students (aged 16—18) who participated
in the laboratory activity.

The suggested task was the following: “After completing the lab activity, we would
like you to write down your experience. Please write a minimum of one page on the full
laboratory experiment you have just done. Do not leave out any details: describe what
you did, what you saw, what you analyzed, how you felt, and what you learned. Also try
and relate the things you studied in the laboratory with processes that occur in everyday
life”.

Considering that data for our research is under the form of written texts with thematic
unity, our data analysis, in accordance with Bardin’s [27] prescriptions, is based on text
segmentation into units of analysis, thus allowing identification of different meaning
units that make up the narrative text. This requires assigning codes in order to be able
to classify the units of register in the document, and classifying the written material for
subsequent description and interpretation. This so-called ‘open coding’ aims to express
the data in the form of concepts, corresponding to a first-order analysis. The texts were
coded in order to:

e Establish regularities to identify different structural dimensions in the narratives: (a)
introduction, (b) development, and (c) conclusion.

e Establish regularities to recognize different cognitive-linguistic skills in the narratives:
(a) description, (b) explanation, (c) justification, and (d) argumentation.

These last four categories are understood as follows:

e Description involves producing statements that present the qualities, properties,
characteristics, etc., of an object, organism or phenomenon.

e Explanation entails producing reasons or arguments in an orderly manner following
cause-effect relationships.

e Justification needs providing reasons or arguments in relation to a corpus of knowledge
or theory.

e Argumentation is also producing reasons or arguments, but with the main aim of
persuading or convincing.
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4 Results and Discussion

For the purpose of categorizing the 30 narratives that we collected, two analyses were
performed: one on the structural elements, and one on the cognitive-linguistic skills that
are used.

4.1 Analysis of the Structural Elements in the Narratives

Forms of Introducing: Connection to Knowledge. The first structural element is the
introduction. Critically assessing allows identifying the different starting points and the
ways in which students deal with their own prior knowledge and its confrontation with the
phenomena. While some students only describe the instructions received, others begin
by proposing ideas on the phenomenon and use their past experience as an element to
frame and give meaning to what they have done (Table 2).

Table 2. Introduction

Types f % | Examples

Summary 40 | In this lab I had the experience of doing 5 oxidation-reduction
experiments, in which we used 5 minerals and 3 different
solutions

Descriptive 20 | All the materials were placed on the table. Then the reagents were

added to the solutions

Emotive 20 | This lab has been a fun experience for me, because I had never
done anything like this before

Reflective 10 | After doing the oxidation-reduction experiment, I realized that
when using different materials and reagents in a precipitation
beaker, not all the materials react together

Degree of importance | 10 | This experiment strengthened my knowledge of oxidation and
reduction

Forms of Developing: Connection with Phenomenon. Development is the longest
part of the text and mainly includes descriptions of the procedure, ways to approach
the phenomenon, and decision-making in the execution of the lab. Students establish
a dialogue with the activity, they describe the steps taken for each redox reaction, the
reflections, the physical changes observed, the successes and failures, and they even
include some anecdotes (Table 3).

Forms of Concluding: Reflections on the Activity. In the conclusions of the texts, we
identified more reflections from the students on the implications of the experiment, the
expectations they had, their difficulties, and the expected learning (Table 4).
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Table 3. Development

Types f % | Examples
Descriptive | 30 | We started by identifying the solutions: copper sulphate was blue; iron
sulphate was yellow and hydrochloric acid was clear; we put them
separately into 5 beakers
Emotive 20 | ... this change was surprising because I thought it would stay the same, and
so [ became more interested in the experiment
Reflective |50 |It seems that reaction using SO42~ with Fe generates more changes
Table 4. Conclusion
Types f % | Examples
Emotive 40 | Personally, I didn’t feel anything special, maybe because I expected
to see the reactions more clearly
Summary 30 | From what we could see, they were all redox reactions due to the
oxidising-reducing nature of the reagents
Critical judgement | 30 | These experiments helped me see the subject in a different way, not
in the simple way I had seen it before

4.2 Analysis of the Cognitive-Linguistic Skills Present in the Narratives

All 30 narratives were again separately considered for this second analysis. They were
coded according to the four main cognitive-linguistic skills that we had selected: describ-
ing, explaining, justifying, and arguing. The coding corresponds to the presence of
fragments in which one of those skills can be identified.

Our analysis led to coding 138 text paragraphs, classified under the three skills that
could be found (Table 5).

Table 5. Cognitive-linguistic skills

Types n |f% | Examples

Describing | 120 | 87 | For AgNO3 + Cu, the Cu plate changes from orange to silver, we also
saw lumps, it gave me the impression that it was breaking apart

Explaining | 15|11 | We found that they were all redox reactions due to the
oxidizing-reducing nature of the reagents

Justifying 3| 2 | We analysed the oxidizing and reducing reagents for each case, which
take or give away electrons

Arguing 0] 0 |-
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In general, description is the skill most commonly identified in the narratives of
the experiment, with a frequency of 87%. This may be showing that students favor
visualization of the phenomenon in terms of observation.

On the other hand, argumentation is not seen in any of the texts, showing the difficulty
faced by most students when they intend to elaborate a strongly organized set of ideas in
a written format that requires precision, coherence and the use of warrants or backings.
This last finding may also be related to the traditional way in which science classes
are conducted, beginning by presenting the ‘sheer’ concepts without any associated
phenomena to be modeled. Such classes are neither aligned with current proposals on
chemistry teaching based on a constructivist approach, nor consistent with what the
philosophy of science tells us on the ways in which scientific knowledge is generated.
This could explain the lack of higher-order abilities, such as explanation and justification,
in students’ narratives.

5 Conclusions

In the light of our preliminary results, which we have presented here, the inclusion of
experimental narratives in chemical education is only the first step towards the develop-
ment of higher-order scientific skills, such as explaining, establishing a theoretical basis,
providing evidence, justifying, and finally arguing. Considering that a high proportion of
the students are only descriptive in their retelling of the scientific experiment, it is neces-
sary to generate scenarios in which they can be helped to make concrete advancements
in the development of more robust texts that include more elaborate skills.

According to the categories employed in this study, experimental narratives favor a
space of reflective ‘textualization’ of the scientific experiences. The narratives created
by students show that for them this genre is a useful means to summarize the activity. It
is our contention that narrative writing constitutes a task where students can think back
on the experiment and express their impressions, and even emotions, regarding it in a
more reflective way.

The multiple values of this task that we proposed lead us to conclude that it has a
positive influence in students’ learning, beyond what is usually achieved in this kind of
activities when the traditional experiments are performed, but no written model-based
reconstruction is demanded. Specifically, regarding the acquisition or consolidation of
theoretical concepts, though many of the ‘descriptive narratives’ use more colloquial
than scientific language, it can be seen that some incorporate more critical and reflective
elements to account for the results of the experiments.

Villalba-Condori and his colleagues [28] state that “[t]here is a need for a peda-
gogical model framework, instructional design, and guides that integrate students and
help reach common and desirable learning outcomes [and also a] need to analyse the
necessary conditions regarding their validation”. In our study, we had as an important
objective the clear presentation of all the theoretical foundations, including the ped-
agogical model from which we designed our intervention and made didactical (i.e.,
instructional) decisions [29]. As a natural continuation of this first piece of research, we
want to design other teaching environments in which the validation conditions of our
proposal on experimental narratives can be further evaluated.
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Abstract. Pedagogical content knowledge (PCK) is a construct used to represent
teacher’s understanding. PCK have used for different purposes, among which are
the design of technological tools and curriculum materials. An Intelligent Tutoring
Systems (ITS) is a type of Intelligent System, which incorporates Al techniques
to know what to teach, who to teach and how to teach individually to each learner.
The main module of an ITS is the tutor module. Thus, this study presented the
design of the Tutor Module of an ITS using the theoretical assumptions of the
METAGOGIC metamodel and the perceptions of the science teachers about their
PCK. The research phases developed allowed: collection of the Science Teach-
ers’ Perceptions, content Analysis of these Perceptions and finally the design of
Model for the Tutor Module of an ITS based-on Science Teachers PCK using
METAGOGIC Metamodel.

Keywords: Pedagogical Content Knowledge (PCK) - Intelligent tutoring
systems - Tutor module - Metagogic

1 Introduction

Pedagogical content knowledge (PCK) is a construct used to represent teacher’s under-
standing [ 1] of how to help students learn specific subject matter [2]. Five basic elements
structure the PCK: Orientations to teaching science, Student thinking about science,
science-specific strategies, Science curriculum, and Assessment of students’ science
learning [3, 4]. PCK in science is used to analyze the development over time of the
pedagogical and disciplinary science teachers’ knowledge. In this way, each one of the
PCK components are used by in an integrated way for the lesson planning before, dur-
ing and after of carrying out an instruction [5]. Researchers have used PCK for different
purposes, among which are the design of technological tools and curriculum materials
[1, 6]. Thus, the Technological Pedagogical Content Knowledge (TPACK) that was first
proposed by Mishra and Koehler [7], describes an integrated connection between content
knowledge, pedagogical knowledge, and technological knowledge. Thus, the Techno-
logical Pedagogical Content Knowledge (TPACK) that was first proposed by Mishra and
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Koehler, describes an integrated connection between content knowledge, pedagogical
knowledge, and technological knowledge. this being a framework for teaching of sci-
ence, which allow: (i) model knowledge structures or learning patterns, (ii) develop more
in-depth and integrated understanding of concepts and process, (iii) improve the devel-
opment of skills scientific, (iv) understand complex and dynamic scientific phenomena,
(v) promote collaborative network in the community of learning for the construction of
knowledge and sharing of data, among others [8].

Artificial Intelligence (AI) techniques into education has been widely used for
improve teaching efficiency and effectiveness, create smart learning environments and
provide tools to teachers which facilitate knowledge generation in the teaching services
[9]. The use of Al in education allow knowledge generation, dissemination, update, and
management [10]. For this reason, IA possibilities the redesign and creation of new
learning environments, changing the traditional teacher-student interaction and learn-
ing evaluation methods [10]. Al attempts to produce similar behaviors of the natural
intelligence. In education, one of the uses of this type of computational techniques is
the simulation of the teacher behavior. ITS is a particular type of Intelligent System,
which incorporates Al techniques to know what to teach, who to teach and how to teach
individually to each learner [11, 12]. The evolution of ITS is the result of the findings
multiplicity of researches in the field of education and artificial intelligence in recent
years [13].

The intelligence of this type of systems consist in the ability to adapt to the perfor-
mance of each learner throughout own learning process [14]. as well as to the interaction,
interpretation and response of the learner [13]. According to Gémez et al. [11], is neces-
sary to know the needs and behavior of the student in order to infer which pedagogical
strategy should be applied at a given moment. Also, Latham et al. [15], affirm should be
detected and adapting dynamically to an learner’s learning styles.

An ITS is a computer program that uses artificial intelligence techniques to teach a
person [4]. In the literature, there is a considerable consensus since the early 1980s, ITS
is structured in four basic components [16—18]; Initially [19, 20] described the expert
module, student module and tutor module. Later [21-23] identified and added several
works in graphical user interface module (GUI).

The primary objective of the ITS is to provide personalized instruction [24, 25].
Therefore, the main module of an ITS is the tutor module [24, 26-28]. The tutor module
is also known in the literature as Instructional Planner [28, 29]. In ITS, the pedagogical
model contained in the tutor module is responsible for determining the Learning Objec-
tives and selecting the most appropriate pedagogical strategies to guide the learning
process for a particular student [28, 30].

According to [25] ITS can be a potential method for overcoming the challenges to
international curriculum adoption; as well as, tutoring and assessment effectively, com-
bining questions, hints, and error messages [31]. Thus, an ITS could provide instructional
experiences informed by strong curriculum knowledge and PCK directly to students [25].

Some ITS based on PCK have been developed, Heffernan and Koedinger [32] devel-
oped a ITS “Sra. Lindquist” for carry on a tutorial dialog for algebra teaching. This
ITS has a separate tutorial model encoding PCK in the form of different tutorial strate-
gies, which were partially developed by observing an experienced human tutor. Other
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research developed an ITS “Genie 2” based on instructional methods that through coding
the behavior of Russian math teachers and their PCK, which has the ability to simulate
the educational experiences students would receive [25]. Other researches have been
based on the TPACK of teachers to develop computational systems for the teaching
of algebra, Sciences fractions [33], among others. Nevertheless, these systems in their
structure are not based on the teachers’ PCK.

The objective of this research is to design of the Tutor Module of an ITS using the
theoretical assumptions of the Metagogic metamodel and the perceptions of the science
teachers about their PCK. This paper document is structured as follows: The second
chapter defines the Pedagogical Content Knowledge (PCK); in the third chapter, we
explain the Metamodel of Personalized adaptation of Pedagogical Strategies in intelli-
gent tutoring systems (Metagogic). The next chapter shows the methodology used. The
fifth chapter describes the results and discussions. Finally, the conclusions of study are
presented.

2 Pedagogical Content Knowledge

PCK is a construct used to represent teacher’s understanding [2]. Thus, the teacher looks
for the best way to represent and formulate the content to make it comprehensible to oth-
ers, as well as knowledge on students’ subject-specific conceptions and misconceptions
[34]. PCK involves the interpretations and transformations of content linked to teach-
ability, teachers’ knowledge about its own teaching process and how this knowledge
changes over broad spans of time [2, 35, 36]. PCK distinguishes teachers from other
experts specialized in a discipline [37].

In Addition, Shulman and others authors [2, 3, 5, 38, 39], have proposed differences
in this model from the domains of teacher’s knowledge. Because the knowing of science
although is a necessary, is not sufficient condition for teaching processes. Science teach-
ers must also have knowledge about orientations to teaching science, student thinking
about science, instructional strategies in science and the assessment of students’ science
learning.

The Fig. 1 shows an adaptation of models proposed by PCK model used in this
study. This model is based-on theoretical assumptions (Schneider and Plasman [2],
Magnusson [3], Abell et al. [S], Grossman [39], Loughran [40], Herrera et al. [38] and
Park and Oliver [41]). In this model, components related to how teachers’ knowledge is
developed across science topics content. These components are structured by categories,
which are described below.
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Purposes and goals for teaching science
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Fig. 1. Model of PCK for Teaching Science based on theoretical assumptions Schneider and
Plasman [2], Magnusson [3], Abell et al. [5], Grossman [39], Loughran [40], Herrera et al. [38]
and Park and Oliver [41].

Orientations to Teaching Science (OTS)

This component involves teachers’ ideas about the purposes and goals for teaching
science and the nature of teaching and learning science [36]. OTS is a set of interrelated
knowledge or beliefs of a teacher about the purposes and goals, expectations for teaching
science and the nature of learning science for students [3, 40, 42]. According to [2] OTS
is composed by purposes and goals for teaching science, the nature of science, and the
nature of teaching and learning science for students.

Student Thinking About Science

This component is centered on teachers’ ideas about student misconceptions, as well as,
the exploration of previous knowledge and the identification of difficulties or limitations
in learning [1, 40]. The student thinking about science is centered on the following
categories: Students’ initial science ideas and experiences, development of science, how
students express science ideas, challenging science ideas for students and appropriate
level of science understanding [2, 39, 43].

Instructional Strategies in Science

The improves instructional strategies in science is the key to insuring students’ inter-
nal interests [44-46]. The Instructional strategies in science is composed by inquiry
strategies, science phenomena strategies, discourse strategies in science and general
student-centered strategies for science [2].

Assessment of Students’ Science Learning

This component is centered on the includes teachers’ knowledge about how and when to
use science assessments and strategies for assessing student thinking in science [40, 47].
The strategies for assessing student thinking in science and how or when to use science
assessments are main categories of this component [2].
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3 Metamodel of Personalized Adaptation of Pedagogical Strategies
in Intelligent Tutoring Systems (Metagogic)

Metagogic is a metamodel that allows generation of models for personalized adaptation
of pedagogical strategies in the tutor module of an ITS. According to [48], a metamodel
is a set of basic concepts which are related to each other, these can be used to define
models, which are instances of the metamodel [49]. A metamodel can build models with
key specifications that enable consistently address the complexity of this type of process
[50]. Metamodeling is a technique which has the objective of automate the process
of model generation in software engineering [51], because without a metamodel, the
semantics of domain models can be ambiguous [52]. Thus, METAGOGIC describes the
concepts commonly used in modeling a pedagogical module in ITS. The metamodel
contains concepts and relationships that are present in the following tasks related to the
design of instructional strategies: instructional planning, assessment of instruction and
advice on learning activities [11].

Metagogic is organized in five packages: Metacore, Planner, Advisor, Assessment
and Users [11] (Table 1).

Table 1. Functional packages of Metagogic.

Packages Function Main elements

Metacore Is composed by concepts and | — Functional Elements
relationships commonly used | — Basic Elements
in the main functions of the
module tutor in an ITS

Planner This package is centered on | — Context
the selection of the most — PedagogicalApproach Class
adequate pedagogical — Learning Activity
strategies for each student
Advisor This package contains the — Feedback
concepts used to configure — FeedbackTrace
and generate feedback in ITS
User This package contains the — TeacherProfile
necessary components to — StudentProfile

model user profiles of an ITS

4 Methodology

This research is based on a Modeling Methodology proposed by Barchini [53] which
belongs to the category of rational methods that, in turn, are also parts of the Research +
Development methodologies used in computing science. The author affirms that this type
of methodology allows to create abstractions with the purpose of explaining reality. The
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research phases developed in this project were: (i) Collection of the Science Teachers’
Perceptions about their Pedagogical Content Knowledge (PCK); (ii) Content Analysis
of these Perceptions and (iii) Design of a Model for the Tutor Module of an Intelligent
Tutoring System based on Science Teachers’ PCK.

The first research phase consisted in a qualitative analysis which was aimed to de-
scribe and interpret the educational reality from within through of a phenomenological
study [54]. In this way, this study intends to inquire about the Pedagogical Content
Knowledge presented by science teachers of a secondary school based on the meanings
that they attribute to their knowledge from a pedagogical and disciplinary view point.
The study sample were three Science teachers from a Public School in Colombia, which
constituted a twelve percent of total population of the teachers of that school. The research
phase was carried out during six weeks, where three in-depth interviews were conducted
following the theoretical assumptions of (Herrera, Espinet and Izquierdo [38]; Schneider
and Plasman [2]; Loughran et al. [40]). The second research phase consisted in the design
of semantic networks based on a content analysis process using the Atlas.ti software. This
software-based analysis used line by line codification of each one of in-depth interviews
carried out to the Science Teachers. The last research phase is structured by the design
of a Tutor Module using both Metagogic Metamodel as well as the selection process
PCK main features identified as additional components susceptible to computationally
modeling.

5 Discussion and Results

The first research phase was based on the qualitative analysis of content revealing accu-
rate information about perceptions of science teachers on its PCK. In this phase questions
were applied to three teachers in the area of science. The results obtained were key to
the execution of the following phases. (See on [54]).

The second phase consisted in the design of semantic networks through of a software-
based content analysis process. This process allowed to identify two epistemological
components of the Science Teachers’ PCK: Pedagogical Knowledge and Disciplinary
Knowledge. The codes found in this analysis process emerged from each one of the voices
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ot . i ey |
A \\\ ~_ *.

! .
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=

Voice (12) Ttis

the best way”

Fig. 2. Semantic network of pedagogical knowledge.
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got from interviewed and they are related with the two central categories previously
indicated, as can be observed in the following semantic nets:

Figure 2 shows that the science teachers’ perception about their Pedagogical Knowl-
edge is structured by five PCK Categories: Appropriate Level of Science Understanding,
General student-centered strategies for Science, using standards to guide planning and
teaching, Development of Science ideas and How students express science ideas.

Fig. 3. Semantic network of Disciplinary Knowledge.

Figure 3 shows the Disciplinary Knowledge according to Science Teacher’s per-
ceptions is composed by seven PCK categories, which are: Challenging science ideas
for students, Scope of science (importance of science topics and what science is worth
knowing or teaching), Development of science ideas (including process and sequence),
How students express science ideas, using standards to guide planning and teaching,
Purpose and goals for teaching science and the nature of teaching and learning science.

The following categories are placed in the two types of knowledge expressed by the
interviewed teachers: using standards to guide planning and teaching, Development of
Science ideas and How students express science ideas. The reason why teachers perceive
that these categories underlie both types of knowledge is consistent with [55] which states
that the pedagogical knowledge refers to teacher knowledge about instructional practices,
strategies, and methods that allow students’ learning. While disciplinary knowledge
refers to capacity that have a teacher for synthesizes information from across domains
and applicate of knowledge to new contexts in the pursuit of specific end goals.

The third research phase identified the diverse classes which will be added to each
one of the packages that will structure the Tutor Module of the ITS. These packages
are obtained from Metagogic Metamodel. The additional classes emerged from of the
identified categories in the previously phase. The Table 2 presents these classes and the
components and categories of the PCK from which they were extracted as well as the
voices of the teachers interviewed that were used as a source of this analysis process
(See Table 2).
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Table 2. Teachers’ voices about their PCK and tutor module classes.

Voices

Type of
knowledge

PCK
component

PCK category

Class of the tutor
module

“The problem
that students
have is that they
try to memorize
not to
understand”
(T2)

Undoubtedly

every discipline
of knowledge,
the student has
to structure the
knowledge
part... you have
to teach the
young person to
build their own
concepts and
that is where
education is
failing” (T2)

Students must be

educated from
their own
knowledge of
science and also
as a researcher,
where emphasis
is placed on field
work involving
the social and
formative part
that is very
important in

education (T2)

“It is necessary
for the student to
strive to build
their own
knowledge and
to do it in the
best way”

Pedagogical
knowledge

Student
thinking

Appropriate level
of science
understanding

UnderstandingLevel

How students
express science
ideas

Askme

Development of
science ideas
(including process
and sequence)

PerfomanceLevel
Checklist

Science
curriculum

Using standards to
guide planning and
teaching

Standards

(continued)
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Table 2. (continued)
Voices Type of PCK PCK category Class of the tutor
knowledge component module
The Instructional General LearnerStrategies
methodology by strategies in student-centered
projects and the science strategies for
research science
methodology”
One of the
strategies could
be, application
of Natural
Sciences, but
through
“educational
games” through
workshops”
(T2)
“Technology is | Disciplinary Student Challenging StudentDifficultlevel
being misused, | knowledge thinking about | science ideas for | PreviousKnowledge
students are science students (difficult
taking the level)
content that is
available on the
Internet very
easily, for this
reason there is
no deep analysis
of the issues”
(T3)
“Knowledge is Science Scope of science | LearningScope
applicable to curriculum (importance of
everyday life. science topics and
Everything we what science is
study in science worth knowing or
is applicable to teaching)
everyday life”
(T3)
“It is important Student Development of Sequence

for them to learn
to value the
environment,
take care of their
health and take
care of their
body” (T1)

thinking about
science

science ideas
(including process
and sequence)

(continued)
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Table 2. (continued)

Voices

Type of
knowledge

PCK
component

PCK category

Class of the tutor
module

“The knowledge
that students get
here put them
into practice in
their daily lives
and serve to live
and live in
society” (T1)

“The theoretical

part must always
be correlated
with the
practical part”
(T3)

“We aspire that

our students
obtain an
appropriate
knowledge to
defend
themselves in
their daily lives,
that everything
we see in natural
sciences is
applicable to
their context”
(T3)

“The role is
basically to
guide all
processes” (T1)

Student
thinking about
science

How students
express science
ideas

Askme

Science
curriculum

Using standards to
guide planning and
teaching

Standards

Orientations to
teaching
science

Purpose and goals
for teaching
science

Expectations

Orientations to
teaching
science

The nature of
teaching and
learning science

Assesment trigger

The analysis process of each one of the voices allowed to identify others PCK cate-
gories and components which are independently interrelated to the initial classification
of the interview questions. For this reason, the PCK Model initially used for the design
of the interview and the later design of the Tutor Module was modified using these new
categories and components. The new PCK Model used for the Tutor Module design

process is shown below. (See Fig. 4):
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- Purposes and goals for teaching science
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Fig. 4. New PCK model used for the Tutor Module design process.

All of the above allowed the design of the tutor module of an ITS using the Metagogic
Metamodel packages and the additional classes that emerged from the analysis process
of the science teachers’ perceptions about their PCK. Below are each of the five packages
of this Tutor Module. Figure 5 shows de Metacore Package. This Package not presented

modifications.

Profile
[ Trace |
— Task

BasicElement ( )

[ session | L J T
hasGoal L‘
b . . | PlanningTask
Action
— -
Error PlanHasaGoal 1 N )
Goal T

[ MetalElement
“Name: EString
[ TutoringTask

e - Priority: priority

0.7, ‘ TutoringAction

<<enumeration>>

Priority e
Strategy

Fig. 5. Design of the Metacore Package.

Figure 6 presents the Planner Package where were added the following classes:
Expectations, Sequence, UnderstandingLevel, Standards, Learning Scope, CheckList,
and LearnerStrategies.
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The classes PerformanceLevel and Askme were added to the Advisor Package (See
Fig. 7).
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J
]
|
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“Text: EStiing

>

—

CorrectiveFeedback

[ AssisstanceFeedback AssistanceActive ‘

(from Model)

.

Fig. 7. Design of Advisor Package.

Just one the AssesmentTrigger Class were added to the Assesment Package (See
Fig. 8).
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The user package was modified by adding only the classes PreviousKnowledge and

Test (See Fig. 9).

. hasTeachingSkill
Skill
hasCognitiveSkill (From Model)
o hasTeacherProfile
N TeacherProfile Teacher
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¢ ) < 1
Cognitive Profile
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G
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(From Metacore)
BasedOnTest
- J
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1.

EducationalNeed Interest Boredom

Fig. 9. Design of the user package.
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6 Conclusion

This study presented the design of the Tutor Module of an ITS using the theoretical
assumptions of the Metagogic metamodel and the perceptions of the science teachers
about their PCK. The research phases developed in this research were: (i) Collection
of the Science Teachers’ Perceptions using an in-depth interview designed from an
adaptation of the PCK Frame-work; (ii) Content Analysis of these Perceptions which
was carried out both manual and software-based way; and (iii) Design of a Model for
the Tutor Module of an Intelligent Tutoring System based on Science Teachers PCK
using the classes of the Metagogic Metamodel and the different categories emerged
from analysis process of the previous research phase.

The first research phase allowed collected different voices from three science teachers
which answered questions classified according to the components and categories of the
PCK Model designed for the interview. These voices were used as information source
for a manual and software-based content analysis process which allowed to identify two
epistemological components of the Science Teachers’ PCK: Pedagogical Knowledge
and Disciplinary Knowledge. Also, new PCK categories were identified in this process
and they were associated to the two epistemological components identified. These new
PCK categories allowed to modify the PCK Model designed for the research and to
create new classes which were added to each package which structure the Tutor Module
of the ITS. Thus, this research describes a computational model which present in detail
each class that structure the packages of an Tutor Module of a ITS based on Science
Teachers PCK.

This research allowed to conclude that the PCK not only is a fundamental piece for
education since it allow to the teacher to be aware of his pedagogical work but also for
potential value in the design of intelligent didactic tools which facilitate the mediation
process of the scientific knowledge into the classroom.

References

1. Shulman, L.: Knowledge and teaching: foundations of the new reform. Harv. Educ. Rev. 57,
1-23 (1987). https://doi.org/10.17763/haer.57.1.j463w79r56455411

2. Schneider, R.M., Plasman, K.: Science teacher learning progressions: a review of science
teachers’ pedagogical content knowledge development. Rev. Educ. Res. 81, 530-565 (2011).
https://doi.org/10.3102/0034654311423382

3. Magnusson, S., Krajcik, J., Borko, H.: Nature, sources, and development of pedagogical
content knowledge for science teaching. In: Examining Pedagogical Content Knowledge,
pp- 95-132. Kluwer Academic Publishers (2006) https://doi.org/10.1007/0-306-47217-1_4

4. Cooper, R., Loughran, J., Berry, A.: Science teachers’ PCK: understanding sophisticated
practice. In: Re-examining Pedagogical Content Knowledge in Science Education, pp. 70-84.
Routledge (2015) https://doi.org/10.4324/9781315735665

5. Abell, S.K.,, et al.: Preparing the next generation of science teacher educators: a model for
developing PCK for teaching science teachers. J. Sci. Teach. Educ. 20, 77-93 (2009). https://
doi.org/10.1007/s10972-008-9115-6

6. Jang, S.J., Chen, K.C.: From PCK to TPACK: developing a transformative model for pre-
service science teachers. J. Sci. Educ. Technol. 19, 553-564 (2010). https://doi.org/10.1007/
$10956-010-9222-y


https://doi.org/10.17763/haer.57.1.j463w79r56455411
https://doi.org/10.3102/0034654311423382
https://doi.org/10.1007/0-306-47217-1_4
https://doi.org/10.4324/9781315735665
https://doi.org/10.1007/s10972-008-9115-6
https://doi.org/10.1007/s10956-010-9222-y

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Design of the Tutor Module for an Intelligent Tutoring System (ITS) 155

. Mishra, P., Koehler, M.J.: Technological pedagogical content knowledge: a framework for

teacher knowledge. Teach. Coll. Rec. 108, 1017-1054 (2006). https://www.learntechlib.org/
p/99246/Ml=1

. Srisawasdi, N.: Developing technological pedagogical content knowledge in using computer-

ized science laboratory environment: an arrangement for science teacher education program.
Res. Pract. Technol. Enhanc. Learn. 9, 123-143 (2014)

. Good, R.: Artificial Intelligence and Science Education (1987)
. Liu, M.: The Application and Development Research of Artificial Intelligence Education in

Wisdom Education Era

. Gomez, A., Fernando, M., Pifieres, C.: Meta-Modeling Process of Pedagogical Strategies in

Intelligent Tutoring Systems Personalization of pedagogical strategies in Intelligent Tutoring
Systems View project (2018). https://doi.org/10.1109/ICCI-CC.2018.8482046

. Lu, C.H., Wu, S.H,, Tu, L.Y., Hsu, W.L.: The design of an intelligent tutoring system based

on the ontology of procedural knowledge. In: Proceedings - IEEE International Conference
on Advanced Learning Technologies, ICALT 2004, pp. 525-530 (2004). https://doi.org/10.
1109/icalt.2004.1357470

Alhabbash, M.I., Mahdi, A.O., Abu Naser, S.S., Abu, S.S.: An Intelligent Tutoring System
for Teaching Grammar English Tenses (2016). https://philarchive.org/archive/ALHAIT
Rodrigues, J.J.P.C., Joao, PEN., Vaidya, B.: EduTutor: an intelligent tutor system for a learn-
ing management system. Int. J. Distance Educ. Technol. 8, 66-80 (2010). https://doi.org/10.
4018/jdet.2010100105

Latham, A., Crockett, K., McLean, D.: An adaptation algorithm for an intelligent natural
language tutoring system-computer interface intelligent tutoring systems interactive learning
environments teaching/learning strategies. Comput. Educ. 71, 97-110 (2014). https://doi.org/
10.1016/j.compedu.2013.09.014

. Aguilar, R., Muioz, V., Gonzdlez, E.J., Noda, M., Bruno, A., Moreno, L.: Fuzzy and mul-

tiagent instructional planner for an intelligent tutorial system. Appl. Soft Comput. J. 11,
2142-2150 (2011). https://doi.org/10.1016/j.as0¢.2010.07.013

Landowska, A.: Student model representation for pedagogical virtual mentors. In: 2010 2nd
International Conference on Information Technology (2010 ICIT), pp. 61-64 (2010)
Nwana, H.S.: Intelligent tutoring systems: an overview. Artif. Intell. Rev. 4, 251-277 (1990).
https://doi.org/10.1007/BF00168958

Bonnet, A.: Artificial intelligence: promise and performance (1985). https://www.osti.gov/
biblio/7011927

Barr, A., Feigenbaum, E.A. (eds.): The Handbook of Artificial Intelligence: Vol. 1. Kaufmann,
Los Altos (1981). 409 pages, $30.00 (1982)

Aleven, V.: Rule-based cognitive modeling for intelligent tutoring systems. In: Nkambou,
R., Bourdeau, J., Mizoguchi, R. (eds.) Advances in Intelligent Tutoring Systems, pp. 33-62.
Springer, Heidelberg (2010). https://doi.org/10.1007/978-3-642-14363-2_3

Burns, H.L., Capps, C.G.: Foundation of Intelligent Tutoring Systems: An Introduction.
Found. Intell. Tutoring Syst. 1-19 (2013)

Lesgold, A.M., Mandl, H.: Learning Issues for Intelligent Tutoring Systems. Springer, New
York (1988). https://doi.org/10.1007/978-1-4684-6350-7

Rongmei, Z., Lingling, L.: Research on internet intelligent tutoring system based on MAS and
CBR. In: 2009 International Forum on Information Technology and Applications, pp. 681-684
(2009)

Khachatryan, G.A., et al.: Reasoning mind genie 2: an intelligent tutoring system as a vehicle
for international transfer of instructional methods in mathematics. Int. J. Artif. Intell. Educ.
24, 333-382 (2014). https://doi.org/10.1007/340593-014-0019-7

Soh, L.-K., Blank, T.: Integrating case-based reasoning and meta-learning for a self-improving
intelligent tutoring system. Int. J. Artif. Intell. Educ. 18, 27-58 (2008)


https://www.learntechlib.org/p/99246/?nl=1
https://doi.org/10.1109/ICCI-CC.2018.8482046
https://doi.org/10.1109/icalt.2004.1357470
https://philarchive.org/archive/ALHAIT
https://doi.org/10.4018/jdet.2010100105
https://doi.org/10.1016/j.compedu.2013.09.014
https://doi.org/10.1016/j.asoc.2010.07.013
https://doi.org/10.1007/BF00168958
https://www.osti.gov/biblio/7011927
https://doi.org/10.1007/978-3-642-14363-2_3
https://doi.org/10.1007/978-1-4684-6350-7
https://doi.org/10.1007/s40593-014-0019-7

156

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

A. A. Gémez et al.

Ting, Y.-L.: Using mobile technologies to create interwoven learning interactions: an intuitive
design and its evaluation. Comput. Educ. 60, 1-13 (2013). https://doi.org/10.1016/j.compedu.
2012.07.004

Arias, F., Jiménez, J., Ovalle, D.: Instructional planning model in intelligent tutorials systems.
Rev. Av. en Sist. e Informatica. 6, 155-164 (2009)

Viccari, R.M., Ovalle, D.A., Jiménez, J.A.: ALLEGRO: teaching/learning multi-agent envi-
ronment using instructional planning and cases-based reasoning (CBR). CLEI Electron. J.
10, 1-20 (2007). https://doi.org/10.19153/cleiej.10.1.4

Minsky, M.: Steps toward artificial intelligence. Proc. IRE (1961). https://doi.org/10.1109/
JRPROC.1961.287775

McGuire, P.: Using online error analysis items to support preservice teachers’ pedagogical
content knowledge in mathematics. Contemp. Issues Technol. Teach. Educ. 13, 207-218
(2013). https://www.learntechlib.org/p/40389/

Heffernan, N.T., Koedinger, K.R.: An Intelligent Tutoring System Incorporating a Model of
an Experienced Human Tutor (2002). https://doi.org/10.1007/3-540-47987-2_61

Heffernan, N.T., Koedinger, K.R.: An intelligent tutoring system incorporating a model of
an experienced human tutor. In: Cerri, S.A., Gouarderes, Guy, Paraguacu, Fabio (eds.) ITS
2002. LNCS, vol. 2363, pp. 596-608. Springer, Heidelberg (2002). https://doi.org/10.1007/
3-540-47987-2_61

Krauss, S., Brunner, M., Baumert, J.: Pedagogical content knowledge and content knowledge
of secondary mathematics teachers. J. Educ. Psychol. (2008). https://doi.org/10.1037/0022-
0663.100.3.716

Van Dijk, E.M., Kattmann, U.: A research model for the study of science teachers’ PCK and
improving teacher education. Teach. Teach. Educ. 23, 885-897 (2007). https://doi.org/10.
1016/j.tate.2006.05.002

van Driel, J.H., Verloop, N., de Vos, W.: Developing science teachers’ pedagogical con-
tent knowledge. J. Res. Sci. Teach. 35, 673—695 (1998). https://doi.org/10.1002/(SICI)1098-
2736(199808)35:6%3c673::AID-TEA5%3e3.0.CO;2-J

Shulman, L.S.: Those who understand: Knowledge growth in teaching. Educ. Res. 15, 4-14
(1986). https://doi.org/10.3102/0013189X015002004

Edith, H., Espinet, M., Izquierdo, M.: Teachers’perceptions on the obstacles in the teaching
of science through the GOWIN V. PART 13 STRAND 13. 1791 (1709)

Grossman, P.L.: Un estudio comparado: Las fuentes del conocimiento diddctico del contenido
en la ensefianza del inglés en secuandaria (2011)

Loughran, J., Milroy, P., Berry, A., Gunstone, R., Mulhall, P.: Documenting science teachers’
pedagogical content knowledge through PaP-eRs. Res. Sci. Educ. 31, 289-307 (2001). https://
doi.org/10.1023/A:1013124409567

Park, S., Oliver, J.S.: National Board Certification (NBC) as a catalyst for teachers’ learning
about teaching: the effects of the NBC process on candidate teachers’ PCK development. J.
Res. Sci. Teach. 45, 812-834 (2008). https://doi.org/10.1002/tea.20234

Friedrichsen, P., Driel, J.H., Van Abell, S.K.: Taking a closer look at science teaching
orientations. Sci. Educ. 95, 358-376 (2011). https://doi.org/10.1002/sce.20428

Carlsen, W.: Domains of teacher knowledge. In: Gess-Newsome, J., Lederman, N.G. (eds.)
Examining Pedagogical Content Knowledge, pp. 133-144. Springer, Dordrecht (1999).
https://doi.org/10.1007/0-306-47217-1_5

Kinyota, M.: Students’ Perceptions of Factors Influencing Choice of Science Streams in
Tanzania Secondary Schools. Master’s Capstone Proj. 166 (2013)

Kelly, G.J.: Handbook of Research on Science Education. Google Libros (2007)

Treagust, D.F.: General instructional methods and strategies. In: Handb. Res. Sci. Educ,
pp- 373-391 (2007)


https://doi.org/10.1016/j.compedu.2012.07.004
https://doi.org/10.19153/cleiej.10.1.4
https://doi.org/10.1109/JRPROC.1961.287775
https://www.learntechlib.org/p/40389/
https://doi.org/10.1007/3-540-47987-2_61
https://doi.org/10.1007/3-540-47987-2_61
https://doi.org/10.1037/0022-0663.100.3.716
https://doi.org/10.1016/j.tate.2006.05.002
https://doi.org/10.1002/(SICI)1098-2736(199808)35:6%3c673::AID-TEA5%3e3.0.CO;2-J
https://doi.org/10.3102/0013189X015002004
https://doi.org/10.1023/A:1013124409567
https://doi.org/10.1002/tea.20234
https://doi.org/10.1002/sce.20428
https://doi.org/10.1007/0-306-47217-1_5

47.

48.

49.

50.

51.

52.

53.

54.

55.

Design of the Tutor Module for an Intelligent Tutoring System (ITS) 157

Hashweh, M.Z.: Teacher pedagogical constructions: a reconfiguration of pedagogical con-
tent knowledge. Teach. Teach. Theor. Paract. 11, 273-292 (2005). https://doi.org/10.1080/
13450600500105502

Atzeni, P., Cappellari, P., Bernstein, P.A.: ModelGen: model independent schema translation.
In: 21st International Conference on Data Engineering (ICDE 2005), pp. 1111-1112 (2005).
https://doi.org/10.1109/ICDE.2005.90

Oei, J.L.H., Van Hemmen, L., Falkenberg, E.D., Brinkkemper, S.: The Meta Model Hierarchy:
A Framework for Information Systems Concepts and Techniques (1992)

Seidewitz, E.: What models mean. IEEE Comput. Soc. 20, 26-32 (2003). https://doi.org/10.
1109/ms.2003.1231147

MOF, O.M.G: OMG Meta Object Facility (MOF) Core Specification. Version 2.4.2, April
2014 (2015)

Ali, A., Razak, S.A., Othman, S.H., Mohammed, A.: Towards adapting metamodeling
approach for the mobile forensics investigation domain. In: International Conference on
Innovation in Science and Technology (IICIST), p. 5 (2015)

Barchini, G.E.: Métodos “I+D” de la Informatica. https://doi.org/10.1174/0214703943215
13834

Florez Nisperuza, E., Gémez Salgado, A., Marquez Garcfa, L.: Science teachers perceptions of
their pedagogical content knowledge (PCK). In: Villalba-Condori, K.O., Bravo, A.A., Garcia-
Pefialvo, F.J., Lavonen, J. (eds.) Proceedings of the International Congress on Educational
and Technology in Sciences 2019, Arequipa, Pert (2019)

Kereluik, K., Mishra, P., Fahnoe, C., Terry, L.: What knowledge is of most worth: Teacher
knowledge for 21st century learning. J. Digit. Learn. Teach. Educ. 29, 127-140 (2013)


https://doi.org/10.1080/13450600500105502
https://doi.org/10.1109/ICDE.2005.90
https://doi.org/10.1109/ms.2003.1231147
https://doi.org/10.1174/021470394321513834

)

Check for
updates

Why Do Peruvian School Students Choose
Science and Technology Careers?

Alvaro Darcourt®) @), Sadith Ramos®), Giovanna Moreano ®,
and Wilmer Hernandez

Ministerio de Educacién del Perd, Oficina de Medicidén de la Calidad de los Aprendizajes,
Lima, Peru
adarcourt@pucp.pe, {sramos,gmoreano,whernandez}@minedu.gob.pe

Abstract. The present study examined the interest of Peruvian school students
in careers related to science and technology and the variables that predict such
interest. PISA 2015 data was used for this purpose. Students’ expectations for
pursuing scientific careers were identified by asking the occupation they expect
to be working in by the age of 30. The results were interpreted in the light of the
expectancy-value theory, a model that emphasizes attitudes towards goals and the
self in explaining self-directed behavior. Accordingly, constructs as instrumental
motivation, achievement motivation, science self-efficacy, and interest in broad
science topics were studied to understand students’ interest in scientific occu-
pations. The analysis strategy included descriptive analysis, confirmatory factor
analysis, binary logistic regression, and interaction effects. The results confirmed
the international trend wherein being a woman is associated with lower possibil-
ities of choosing a scientific career. In the same way, socioeconomic status and
scientific capital were positive related to scientific career expectations. Both find-
ings might suggest equity issues affecting students’ expectations for scientific and
technological occupations. Finally, attitudinal and motivational aspects, especially
instrumental motivation, demonstrated to play a role in the intention to study sci-
ence and technology careers. Recommendations for science teaching in schools
and study limitations are addressed.

Keywords: Science - Technology - Career - Expectancy-value theory

1 Introduction

Scientific knowledge provides the most comprehensive and reliable explanations about
the material world, a virtue that identifies it as one of the greatest achievements of modern
societies [1]. Technologies derived from it directly influence productive activities, health
care, recreation, communication and, in general, our understanding of the world [2].
Also, many of the most important global challenges today (e.g., global warming or
the prevalence of diseases such as HIV/AIDS) require scientific knowledge for proper
conceptualization and the search for effective solutions [2]. Therefore, it is crucial for
societies to have citizens who, from an early age, develop interest and willingness for
choosing careers related to science and technology.
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However, numerous evidences suggest a growing lack of interest in school science
among students [2—4]. This trend has increased in recent decades, especially in countries
such as England, Norway, Australia and New Zealand [2]. In Peru, according to the II
National University Census 2010, of the total undergraduate students enrolled that year,
23% studied a basic sciences, engineering and technology career; while, in graduate
school, this proportion decreased to 6% [5]. This panorama shows limitations in the
availability of professionals involved in science, technology and innovation.

PISA 2015 addressed this concern and raised, as part of its conceptual framework,
that science interest is also part of science literacy. By arguing that science literacy
consists of “the ability to engage with science-related issues, and with the ideas of
science, as a reflective citizen” [6], PISA highlights that the development of science
literacy is not limited to the acquisition of skills and knowledge but it also involves the
development of favorable attitudes towards science, expressed in interest in scientific
and technological issues [6]. In accordance with this definition, PISA 2015 examined
the interest showed by 15-year-old students towards scientific and technological careers.
The present study used PISA 2015 data to analyze Peruvian students’ expectations to get
involved in scientific and technological careers and to identify factors related to those
expectations.

1.1 Factors Influencing Scientific and Technological Careers Choice

Career choice results from a complex and dynamic process [7, 12]. Such factors can
shed lights on the decision-making process involved in choosing scientific and techno-
logical careers and help understand how interest in science is nurtured. In order to better
understand the current rates of students involved in science and technology careers, it
is necessary to comprehend the contextual and individual aspects that accompany the
making of these decisions [8].

Sociocultural and Contextual Aspects

From the social sciences standpoint, career choice is based on sociocultural issues related
to the process of the construction of identity, especially in late modern societies. In these
contexts, individuals have a greater freedom at articulating in this process interests, goals
and personal values [9]. However, it should be emphasized that late modernity implies
the idea of free choice, something that will not always faithfully reflect the restrictions
imposed by structural factors of social life [2].

The importance of family and socioeconomic background in science-related career
choice has also been highlighted [10]. Thus, Aschbacher, Li and Roth [11] found that
science high-achieving students used to come from high income families, something
that can be explained by a greater presence of scientific capital. This construct integrates
cultural capital (e.g., having a highly developed scientific literacy), practices or habits
(e.g., watching television programs on science topics) and social capital related to science
(e.g., having parents with scientific knowledge or careers) [12]. In this line, Archer,
DeWitt and Willis [13] argued that the probability that a child expresses and maintains
his interest in science will be strongly associated with his family scientific capital.
Another relevant aspect is age; evidence suggests that science interest arising from a
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very early stage might influence science vocational choices [4]. However, such interest
might decline by the age of ten [3] and become stable during secondary education [14].

Gender roles also explain the choice of science-related careers. Thus, evidence shows
that women are usually more interested in medical, biological and health sciences [15]
than in mathematics, engineering and computer science, careers that draw more attention
among males [16]. These differences might be explained by the influence of cultural
beliefs and patterns related to gender roles on students’ career expectations [2]. For
example, there is evidence that women are more willing to make professional sacrifices
than men to assure their family’s wellbeing [17]. In addition, they perceive that scientific
careers will not allow them to harmonize between their work and personal life [18].
Similarly, women, unlike men, often prefer careers that allow them to interact and develop
altruistic and reciprocal relationships with others [17]. Overall, these findings suggest
that choosing certain careers might be influenced by cultural values associated with
them, as well as gender-related role expectations.

Regarding school variables, the quality of teaching has shown a significant influence
on participation and good performance in science courses [19]. Thus, a study carried
out in USA with university students found that one of the most relevant predictors of
good performance in these courses was high school education [20]. In contrast, transition
from primary to secondary school, low levels of experimental work in class, as well as
the lack of references from the scientific field might cause adverse dispositions towards
science in school [14, 21].

Individual Aspects: Attitudes Towards Science

Academic motivation and occupational decisions have been studied from socio-cognitive
and motivational approaches such as self-efficacy theory, self-determination theory, the
development of interest theory, attribution theory and expectancy-value theory. The
present study considers the expectancy-value theory as analytical framework because
it integrates social, psychological and cultural aspects in the explanation of motivated
behavior; dimensions that were explored by PISA 2015.

The expectancy-value theory states that individual differences in decision making,
involvement and persistence in certain activities can be explained based on attitudes
related to how well one can perform in these activities and the assessment attributed to
that task [22]. Such assessment is formed by the value of interest (enjoyment), the value
of utility (the instrumental quality of the task for the achievement of personal goals), the
value of achievement (the relationship between the task and core personal values) and
the cost (what you should give up when making a particular decision) [17]. According
to this model, people will be more likely to choose a science-related career as long as
they trust in having the necessary skills to have a good performance in this field and
as long as they believe that obtaining a scientific degree is, on a personal level, more
valuable than get one in another area or discipline [17]. Among the relevant dimensions
of the expectancy-value theory are attitudes, motivational orientations and beliefs about
the self.

Attitudes can be defined as individuals’ feelings and appraisals towards certain
objects [4]; to that extent, they precede and guide behavior in various life domains.
Attitudes have cognitive, affective and behavioral components, and vary according to
their content (e.g. attitudes toward science), direction (positive, negative or neutral) and
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intensity (e.g. agree/disagree). Regarding attitudes towards science, they are defined
as students’ affections, beliefs and values towards school science, specific scientific
topics and science implications for society and daily life [19]. Among these attitudes,
achievement-related emotions can have a positive or negative effect on behavior. For
example, science enjoyment mirrors positive emotions of achievement, and reflects the
willingness to learn science and to consider such learning as valuable and meaningful.
Contrarily, science anxiety reflects a fearful emotional state towards science learning
[1].

Motivational orientations, which are closely related to emotions, can be divided into
intrinsic and instrumental. Closely related to intrinsic motivation is interest in science,
which emerges when people establish a relationship with a specific science object or topic
[23]. It has been found that students with high levels of interest (intrinsic motivation)
are able to acquire new knowledge, persevere and meet goals, get involved in scientific
activities, etc. [23]. In addition, empirical research is consistent in pointing out that
science interest is crucial for scientific careers choice especially when it is acquired in
early stages of schooling [24]. Instead, instrumental motivation is related to the expected
outcomes and consequences of behaviors, rather than the joy of learning itself, and
to students’ beliefs that science learning will be useful in the future [1]. Longitudinal
evidence suggests that this variable is one of the most important predictors in the selection
of science-related courses and in the process of vocational choice [1].

Another relevant aspect has to do with self-efficacy, which reflects subjective beliefs
about one’s ability for performing optimally in specific tasks, and is based on previous
mastery experiences (“If I did it before, I can do it again”), vicarious experiences (“If
someone else can do it, maybe I’'m capable to0"), social persuasion (“If my friends think
I can do it, I trust that I can do it”) and physiological activation [1, 25-28]. According
to the social cognitive career theory [28], self-efficacy, outcome expectations and goals
inform career expectations. Thus, students might avoid science goals if they have a low
sense of self-efficacy or low outcome expectations [26].

1.2 Interest in Science-Related Careers in Peruvian Students

Regarding the Peruvian context, a study published by the National Council of Science,
Technology and Technological Innovation identified the following factors as specifically
relevant in the process of (not) choosing scientific and technological careers: (a) the
poor scientific culture and misinformation about what characterizes a career in science
and technology; (b) the limited amount of school experiences related to scientific and
technological issues; (c) the absence of “professional models” in the field of science and
technology that could show the benefits and positive aspects of this type of careers; (d)
the stereotypes surrounding professionals in this field; (e) the ambivalence that exists
at the social level about these type of careers (importance vs. little recognition); (f) the
inadequate preparation of science school teachers; (g) the lack of programs for visits to
schools carried out by Peruvian universities; and (h) the little support and guidance that
young people usually receive during their career choice processes [5]. Together, these
factors contribute to the formation of an unfavorable context for the development of
interest in science-related careers in Peruvian school students.
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The present study examined the role of background, expectations, motivational ori-
entations, self-beliefs and attitudes in the interest in choosing scientific and techno-
logical careers in Peruvian school students. Specifically, the study poses the following
research questions: What are the students’ scientific and technological career expec-
tations? Which factors are associated with students’ science and technological-related
career expectations?

2 Method

2.1 Sample

The Peruvian sample evaluated in PISA 2015 consisted of 6971 students (50.2% male,
49.7% female) from 281 schools, aged between 15 and 16 (M = 15.66, S.D. = 0.47),
selected through a probabilistic, stratified, and two-stage cluster sampling. Ninety-three
percent of the participants had Spanish as their native language, while 6% and 1%
had an indigenous language and a foreign language, respectively. Seventy-six percent
attended upper secondary education (timely enrollment), while 24% attended secondary
education (school backwardness).

2.2 Variables

Table 1 shows the variables used in the study and their definitions. Relevant psychometric
information can be found in Table 3. The student socioeconomic status (SES) index was
constructed by the Office of Learning Quality Measurement of the Ministry of Education
of Peru and has proven to be a valid and reliable measure in Peruvian educational contexts
[29]. Except for SES, all variables used in this study come from the PISA 2015 student
questionnaire [6, 30].

Table 1. Study variables.

Variables Definition and coding
Gender 0 = Male, 1 = Female
Native language 0 = Spanish, 1 = Indigenous language, 2 =

Foreign language

Student socioeconomic status (SES) Index that represents the student
socioeconomic status (SES). To test possible
interaction effects, SES was transformed into a
categorical variable (SES level): high, medium,
low and very low

(continued)
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Table 1. (continued)

Variables

Definition and coding

School SES

Average of student’s SES in a school

Timely enrollment

0 = No (students enrolled in lower secondary
education)

1 = Yes (students enrolled in upper secondary
school)

Science-related parent occupation

0=No, 1 = Yes
Variable coded by PISA 2015 based on an
open-ended question about parental occupation

Instrumental motivation

Index that reflects the willingness of students
to strive in their science studies because they
perceive that this will be useful in the future.
This variable was measured with a 4-point
agreement scale

Test anxiety

Index that reflects the activation condition that
causes physiological, emotional and cognitive
changes and prevents the effective use of
knowledge while performing an evaluation.
This variable was measured with a 4-point
agreement scale

Achievement motivation

Index that reflects the aspiration, the effort to

excel and the persistence to achieve academic
objectives. This variable was measured with a
4-point agreement scale

Science self-efficacy

Index that reflects the subjective beliefs of the
students about their own ability to successfully
perform specific tasks in science. This variable
was measured with a 4-point agreement scale

Science activities

Index that reflects the involvement of students
in a series of science-related activities in their
spare time, such as watching science TV
shows, buying or borrowing science books, etc.
This variable was measured with a 4-point
frequency scale

Enjoyment of science

Index that reflects the willingness to learn and
work in science due to the enjoyment and sense
of freedom that this produces. This variable
was measured with a 4-point agreement scale

(continued)
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Table 1. (continued)

Variables Definition and coding

Interest in broad science topics Index that reflects the degree of interest of the
student in general scientific topics, such as “the
biosphere”, “force and movement”, “the
history of the universe”, “disease prevention”.
This variable was measured with a 5-point
interest scale

Parents emotional support Index that reflects students’ perception about
interest showed by their parents in school
matters, about parental support received when
performing tasks, and about being encouraged
to trust themselves. This variable was
measured with a 4-point agreement scale

Inquiry-based science teaching Index that reflects the students’ perception of
the frequency the teacher seeks to involve them
in practical activities and experimentation, in
addition to posing challenges and encouraging
them to develop a conceptual understanding of
scientific ideas. This variable was measured
with a 4-point frequency scale

Interest in scientific and technological careers | 0 = No, 1 = Yes

Variable coded by PISA 2015 based on an
open-ended question about the work that
students would like to do at the age of 30

2.3 Analytical Strategy

First, national percentages of students interested in science and technology careers
according to gender, SES level and scientific performance in PISA 2015 were calcu-
lated in order to describe interest in science among Peruvian students. Regarding SES,
this variable was transformed into a categorical one in order to classify the sample
according to their SES level: high, medium, low and very low [29]. Second, unidimen-
sional factor structures of the different scales showed in Table 1 were tested through
confirmatory factor analysis (CFA). Due to the ordinal nature of the data, polychoric
correlations matrices and the Weighted Least Squares adjusted by Mean and Variance
estimation method were employed. The following fit indices were used to assess the
CFA’s goodness of fit: Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), Root
Mean Square Error of Approximation (RMSEA) and Standardized Root Mean Square
Residual (SRMR). Then, factor scores (indexes) derived from the CFAs were estimated.
Third, binary logistic regression models were estimated in order to explore the rela-
tionship between different variables and the chances that students were interested in
science-related careers. These variables were introduced in blocks and sequentially in
nested models. In addition, moderation (interaction) effects (according to gender and
SES) were also tested. The quality of the final model was assessed through the Bayesian
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Information Criterion (BIC) and for its capacity to classify the observed data. These
models were evaluated based on the following equation:

logit[Y, = 1|x1, ..., xx] = Bo + Bix1 + ... + Brxk. (D

Where p represents the probability of choosing a scientific or technological career
(Y = 1) given the linear combination of a set of predictor variables (x;, x2,...x%); Bo is
the slope or constant term when x; = 0; and 87, B2,... Bk are the regression coefficients.
All statistical and graphical analysis were carried out using the R 3.6.1 language [31]
and the following packages: intsvy [32], glmm [33] and ggplot2 [34].

3 Results

This section reports the results of the descriptive and inferential analyzes performed.
First, the interest in scientific and technological careers by Peruvian students evaluated
in PISA 2015 is described according to the following strata: gender, SES level and
performance in the science test. Next, CFA’s goodness of fit indices of the scales used in
the measurement of different attitudinal and motivational variables are reported. Finally,
the results of the different binary logistic regression models estimated to explain the
interest in careers related to science and interaction effects are reported.

Table 2. Distribution of interest in scientific and technology careers by stratum.

Science and technology careers Other
Science & Health Communication | Scientific careers
engineering | professionals | technology technicians | (%)
(%) (%) professionals (%)
(%)
National 21.9 134 3.8 0.5 60.5
Gender Male 294 6.9 6.5 0.8 56.4
Female |14.2 199 1.0 0.2 64.7
SES level Very low | 17.7 12.5 1.6 0.4 67.8
Low 222 11.9 3.7 0.8 61.4
Medium | 24.6 14.7 6.4 0.5 53.8
High 27.9 15.6 4.5 0.2 51.8
Science Below 18.0 12.9 2.4 0.6 66.1
Performance | level 2
(PISA2015) | 1 evel 2 | 25.9 13.6 5.0 0.3 55.1
Level 3 |30.5 14.3 6.7 0.4 48.0
Above 26.2 18.0 8.8 0.00 47.1
level 3

Source: OECD. PISA 2015 data. Own elaboration.
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3.1 Descriptive Analysis

Table 2 shows the percentages of students who aspire to a science or technology career
according to student’s characteristics. As mentioned, 39.5% of the students reported
having the expectation of performing in a science-related career at 30 years old while
60.5% did not report such interest. In general, the engineering career was the one that
generated the most interest (21.9%), followed by health careers (13.4%). Technological
and technical careers had lower percentages of interested students.

At a disaggregated level, the national trend for the four types of careers is main-
tained, although some percentages stand out. Male students (as well as those with higher
socioeconomic status and higher performance in the PISA science test) showed a greater
willingness to opt for engineering careers. On the contrary, women were more interested
in health careers.

3.2 Confirmatory Factor Analysis (CFA)

The psychometric evaluation of the scales employed, and the estimation of derived
factor scores were carried out using CFAs. For each factor a unidimensional structure
was assumed. In all cases, goodness of fit indices showed appropriate values and factorial
loads were high enough. It is worth noticing that despite PISA 2015 provides indices
or scores (through an Item Response Theory approach) for these variables, CFAs were
performed exclusively with national data in order to assure a better fit for Peruvian
student population.

Table 3. Goodness of fit indicators for the tested unidimensional models.

Variables CFl |TLI |RMSEA | SRMR
Instrumental motivation 0.999 | 0.998 | 0.073 0.014
Test anxiety 0.973 1 0.946 | 0.090 0.042
Achievement motivation 0.989 | 0.978 | 0.093 0.051
Science self-efficacy 0.995 1 0.993 | 0.053 0.029
Science activities 0.989 1 0.985 | 0.123 0.062
Enjoyment of science 0.999 1 0.999 | 0.042 0.009
Interest in broad science topics | 0.983 | 0.966 | 0.151 0.052
Parents emotional support 0.999 | 0.998 | 0.003 0.009
Inquiry-based science teaching | 0.983 | 0.977 | 0.093 0.051

Note. CFI = Comparative Fit Index; TLI = Tucker-Lewis Index;
RMSEA = Root Mean Square Error of Approximation; SRMR =
Standardized Root Mean Square Residual.
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3.3 Binary Logistic Regression Models

Odds Ratios

Table 4 reports the results of the binary logistic regression models. It should be mentioned
that exponential coefficients (“odds ratios”) associated with the predictors are reported
for each model. For the change in a unit in the predictor, an exponential coefficient
above 1 reflects greater chances (‘“odds”) that the student is interested in a scientific
or technological career, while an exponential coefficient below 1 reflects a decrease in
these chances. Specifically, “odds” are defined as the ratio between the probability of
an event occurring (e.g., showing interest in studying medicine) and the probability that
such event will not occur (e.g., not showing such interest). On the other hand, an “odds
ratio” is defined as the ratio between two odds. For example, if one were interested
in knowing the relationship between interest (or disinterest) in the medical career and
having (or not) a parent who is a doctor, one should calculate:

Odds ratio of interest in a medical career =

2)

Sl| Al

Where each of the following variables expresses the number of students:
A = Interested in medicine and have a parent who is a doctor

B = Interested in medicine and none of their parents is a doctor

C = Not interested in medicine and have a parent who is a doctor

D = Not interested in medicine and none of their parents is a doctor

Base Model

In model 1, women were associated with decreased odds of interest in science-related
careers (OR = 0.664, p < .05), compared to men. Also, having an indigenous (OR
= 0.852, p < .05) or foreign native language (OR = 0.771, p < .05) were associated
with decreased odds of interest in these careers, compared to Spanish native language.
Additionally, a higher student (OR = 1.174, p < .05) and school SES (OR = 1.051, p
< .05), as well as being timely enrolled (OR = 1.363, p < .05), were associated with
increased odds of choosing a science and technology career. Finally, having at least one
parent dedicated to a scientific or technological occupation was related with greater odds
of interest in these types of occupations (OR = 1.733, p < .05).

Partial Models

In model 2, after controlling for the base model variables effects, instrumental motivation
(OR = 1.377, p < .05), achievement motivation (OR = 1.209, p < .05), involvement
in scientific activities (OR = 1.139, p < .05) and interest in science (OR = 1.271, p
< .05) were all positively associated with increased odds of interest in science-related
careers. Contrarily, no significant results were found for test anxiety, science self-efficacy,
enjoyment of science and emotional support of parents. In model 3, a greater frequency
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in the use of pedagogical strategies based on inquiry was associated with decreased odds
of showing interest in careers of this type (OR = 0.878, p < .05).

Interaction Effects

Interaction effects were modeled in order to verify if previously found relationships dif-
fered according to strata (models 4, 5, 6 and 7). Thus, it was found that the relationship
between anxiety and scientific aspirations depended on the student’s gender (model 6).
In this way, at higher anxiety scores, women had a greater chance of remain interested
in science-related careers than men (OR = 1.336, p < .05). It was also found that the
association between instrumental motivation and interest in science-related careers var-
ied according to the student SES level (model 7). Therefore, as instrumental motivation
scores increased, students with a higher SES had a greater chance of aspiring to pursue
a career in science or technology (OR = 1.139, p < .05). Finally, although at first there
was no significant interaction effect between socioeconomic status and inquiry-based

Table 4. Summary of models predicting science-related career aspirations (PISA 2015).

Models?

Variables (1) (2) 3) 4) Q) ) (@] (8)
Gender (Female) 0.664* | 0.619% | 0.619*% |0.619* |0.613* |0.619*% |0.619*% | 0.619*
Language (Indigenous)® 0.852* | 1.116 1.185 1.197 1.185 1.197 1.139 1.150
Language (Foreign)® 0.771* | 0.787 0.712 0.719 0.726 0.698 0.705 0.712
Student SES 1.174%* 1.105%* 1.116* 1.116* 1.116 * 1.116 1.105 1.105%*
School SES 1.051* | 1.185*% | 1.174 1.174 1.162 1.174 1.185% | 1.162
Timely enrollment 1.363% | 1.363* | 1.336* | 1.336* | 1.336* 1.336% | 1.336% | 1.323*
Science-related parent occupation | 1.733* | 1.716* | 1.699* | 1.699% | 1.699* 1.716% | 1.716*% | 1.733*
Instrumental motivation 1.377*% | 1.377* | 1.377* | 1.390* 1.391% | 1.336* | 1.336*
Test anxiety 0914 0.896 0.896 0.887 0.771* | 0.896 0.771
Achievement motivation 1.209% | 1.234% | 1.234* | 1.234* 1.234% | 1.234% | 1.234*
Science self-efficacy 0.951 0.951 0.951 0.951 0.951 0.951 0.951
Science activities 1.139% | 1.197*% | 1.197* | 1.197* 1.197* | 1.197% | 1.197*
Enjoyment of science 1.041 1.073 1.073 1.073 1.073 1.062 1.062
Interest in science 1.271% | 1.271% | 1.271% | 1.271* 1.271% | 1.259* | 1.259*
Parents support 1.030 1.020 1.020 1.020 1.020 1.030 1.030
Inquiry-based science teaching 0.878* | 0.827* | 0.896 0.878* | 0.869* | 0.835
Female x Inquiry 1.139 1.174
SES x Inquiry 0.905 0.878*
Female x Anxiety 1.336* 1.350*
SES x Inst. motivation 1.139% | 1.162*
Intercept/Constant 0.595* |0.613* | 0.619*% | 0.619*% | 0.619* 0.619% | 0.625*% | 0.625*
n (Students) 6603 5025 4737 4737 4737 4737 4737 4737

*p < .05. ®For each model, the exponential coefficients (odds ratios) associated with the predictors
are reported. For a one-unit change, an odds ratio above 1 reflects a greater odd that the student
is interested in a science and technology related career, while an odds ratio below 1 reflects a
decrease in this odd. PReference = Spanish language.
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science teaching (model 5), this effect became significant in the final model (model 8).
All significant interactions included in the final model appear graphically in Fig. 1.
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Fig. 1. Interaction effects: inquiry x SES, Anxiety x Sex, instrumental motivation x SES

Final Model

The final model (8) integrates information from previous models. Here, most of the trends
observed in partial models remained, except for those described below. Native language
(indigenous and foreign), school SES and inquiry-based science teaching ceased to be
significant predictors after controlling for the rest of the variable’s effects included in
the final model. Additionally, the effect of interaction between inquiry and SES (model
5) became significant in the final model. This effect, however, was not consistent with
its graphic representation in Fig. 1 and may not be reliable (therefore, it will not be
discussed in the final section of the article). Finally, this model showed a better fit to the
data (BIC = 6235.7) than a null model without predictive variables (BIC = 9305.4). In
addition, it adequately classified 63.4% of the data.

4 Discussion

This research aimed to (1) explore the scientific and technological career expectations
shown by Peruvian students; (2) explore the factors associated to interest in this type
of careers; and (3) to analyze interaction effects in the relationship between affective
and motivational variables with student interest in science-related careers. In general, the
results allowed to identify that approximately 40% of students expressed the intention of
being involved in scientific careers at 30 years old, with engineering and health careers
as the ones that concentrated greater interest. Evidence shows that career expectations
are differentiated by gender, which correspond to the international trend: women tend to
prefer health careers while men prefer engineering careers [15]. Itis important to mention
that gender differences in socialization often take place both in educational and family
contexts, and this is also the case in Peru. It is likely that parents and teachers are inclined
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to encourage and reinforce more intensely among male students the active exploration of
environments and the manipulation of objects, which are essential features of scientific
work. On the contrary, women might place a greater emphasis on activities related
to interpersonal care (e.g., health careers). In sum, gender stereotypes might generate
different routes in the development of vocational and occupational interests [17]. Given
this, it will be crucial for teachers to reflect and become aware of the disparities that
affect female students and the conditions that reinforce them in order to address them
effectively.

The results also showed the importance of students’ background as well as motiva-
tional and attitudinal aspects. Among variables related to students’ background, a pos-
itive relationship was found between science related careers expectations and student’s
SES, timely enrollment, and having at least one parent working in science. The latter
would evidence the importance of the student’s scientific capital in the construction of
identity related to science and, as Archer, DeWitt and Willis [13] have suggested, would
support arguments about the early influence of scientific capital on the expression and
development of science interest. Thus, having parents involved in science-related jobs
might drive interest in scientific subjects and occupations, consumption of cultural prod-
ucts, participation in out-of-school science activities, interaction with people involved
in science, as well as the development of favorable dispositions toward this field [12].

In addition, the present study found that domains highlighted by the expectancy-
value theory showed to be important antecedents of interest in scientific and technolog-
ical careers such as instrumental motivation, achievement motivation, engagement in
scientific activities and interest in science topics. These results also coincide with previ-
ous evidence according to which the persistence and effort to excel in science courses,
the spontaneous participation in science-related activities during free time, as well as the
disposition for being informed on science topics show a positive influence on interest
in scientific and technological careers [20]. Regarding pedagogical practices, a nega-
tive association was found between interest in science-related careers and inquiry-based
teaching (a relationship which turned into a non-significant one in the final model).
Although these findings are counterintuitive since it would be expected that inquiry nur-
ture interest in science, they are consistent with results from studies reporting that this
teaching approach is negatively associated with science performance in standardized
tests [35].

On the other hand, instrumental motivation proved to be one of the most relevant
factors when predicting interest in science-related careers. Results showed that the study
of science in school has, for Peruvian students, an essentially utilitarian value, especially
among (a) female students, (b) students who attend public schools, as well as those (c)
who have a lower SES. In contrast, enjoyment of science was not a significant predictor
of interest in these types of occupations. This would suggest that many Peruvian students
approach science primarily because of the revenues it could generate and not because of
an enjoyment or internalization of the values associated with it. This makes particularly
noticeable the role of school as a provider of meaningful experiences focused on the
enjoyment of learning science in the classroom, which is, promoting the development
of an intrinsic motivation related to school science.
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Regarding interaction effects, instrumental motivation was found to favor science
career choice, especially in those students with a higher SES. These students are likely to
have a more favorable environment (e.g., greater scientific capital) for the development
of vocational paths that reflect their expectations and interests, whether instrumental (as
verified in the present study) or intrinsic. Also, it was found that as anxiety increases
in evaluation contexts, men are more likely to give up their interest in science and
technology careers. This may suggest that women have a greater ability to persist in
their academic goals, particularly in unfavorable conditions. It is also likely that, in the
presence of difficulties, men will have greater freedom to give up interests or goals and
opt for others.

In general terms, the results of this study emphasize the importance of gender roles,
socioeconomic status and scientific capital in the formation of interest in studying a sci-
entific or technological career. In addition, attitudinal and motivational factors showed
their importance in science career interest as postulated by the expectation-value theory
[17]. As the main limitation of the study it is important to point out that, due to its cross-
sectional design, it is not possible to make causal inferences or to generate conclusions
about the process of development of interest in science and technology careers. There-
upon, the use of longitudinal designs is recommended to track fluctuations of science
interest and other associated variables.
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