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1t is difficult for research in Mathematics Education to have
any real impact on teaching practice in the classroom.
Conscious of this, we have developed a research model for
curricular innovation, involving the teachers responsible for
its implementation, improving their training, and providing
scientific information whilst maintaining the integrity of the
phenomena analyzed “where they occur and exactly as they
occur”. The model is based on an analysis of the principal
existing trends, and is tested in the development of
Mathematical subjects at distinct educational levels, chief
among them university courses in Engineering, where mixed
research methods are used to analyse the effect that carrying
out commands in a Computer Algebra System (CAS) has on
the performance and attitude of students taking various
Mathematics courses. Each teacher leads the study in his/her
group and collaborates with the rest of the groups as an
observer and assistant. Teaching protocols are employed in
experimental and control groups; observation protocols,
testing objectives, and individual questionnaires and
interviews are also employed. The complete analysis provides
data that confirms the fitness of the specific innovations
applied (with a notable improvement of more than one point
over 10 with o = 0, 05), which enables a direct and solidly-
based change to the programmes and the development of their
corresponding curriculums.

1. INTRODUCTION

Overall, we are in agreement with Schoenfeld (2000, pp.
641-642) who affirms “Research in Mathematics Education
has two main purposes, one pure and one applied: a) Pure
(Basic Science) to understand the nature of mathematical
thinking, teaching and learning; b) Applied (Engineering) to
use such understanding to improve mathematics instruction.”
However, for a long time now, in the main, studies have been
focused on discovering “what works” (Harel, G., 2006, p.58)
in laboratory conditions' without considering that “to respond
to questions that concern the complexity of thoughts and
human actions, especially those relevant to learning and
teaching of mathematics, requires the adoption, or even, the
invention of other research methodologies. For example, the
well-known “teaching experiment” (Steffe & Thompson,
2000) focuses on questions of the development of
mathematical knowledge in authentic situations’ in the
classroom” (Lester, F., 2005, Harel, G. 2006, p.58).

! Partially controlled conditions which create a reality different from
what is hoped to be simulated.
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There are a myriad of reasons why “didactic research
fails to reach the classroom” (Becerra et.al., 2012, p.63)
including; 1) the results are, in general, not directly applicable
because they are isolated and have been analysed outside a real
context, or in highly artificial conditions, 2) the teachers
themselves are not involved and are either unfamiliar with the
advances made or doubt their utility and therefore do not
change their teaching style, 3) real conditions and the inertia
of the usual processes complicate or prevent significant
changes from being made, 4) research results are not
sufficiently robust or validated, 5) theories and didactic
research which attempt to offer practical solutions have
largely been discredited, and 6) innovation as an alternative
tool to improve the reality of the classroom provides only
localised information with little scientific basis, and with
difficulty, can the same results be reproduced in conditions
different from the original setting.

In light of this situation, there are trends which attempt to
take steps towards unifying the two basic approaches in a third
way, which joins pure and applied research and curricular
innovation in developing an “ordinary” didactic process,
without ignoring the aforementioned basic approaches for, at
least, some proposals. This is precisely the case of the trend,
known as Research for Innovation (Bartolini, 1998; Arzarello,
1999) or more recently the trend known as Design Research
(Kelly et al., 2008), which attempts to overcome the present
difficulties by:

e Adapting to the conditions and real phenomena as

soon as they happen;

e Respecting the “natural” processes, without causing
a negative effect on ordinary development;

e Maximising operability with the minimum
distortion, admitting only those changes that are
strictly necessary and permitted under current
legislation, in a holistic, global approach;

e Incorporating operational limitations and difficulties
which enable phenomena to be studied to their full
extent, without fragmentation, separation of factors
or simplification.

The problem that they present is therefore of a
methodological nature, but also includes the research
fundamentals of Mathematics Education, that are operability
and reach, the conditions of development and their innovation
potential.

2 Didactic processes usually found in normal mathematics classrooms
(Author’s note).
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The main purpose of this paper is the development of a
new research model for curricular innovation, involving the
teachers responsible for its implementation, improving their
training, and providing scientific information whilst
maintaining the integrity of the phenomena analyzed “where
they occur and exactly as they occur”.

2. THEORETICAL BACKGROUND AND
RATIONALE

Research, through innovation in the mathematics
classroom necessitates a general reflection on curricular
design and development, an analysis of research methods and
the different existing trends and models. We therefore detail
below the principal points of reference on which our proposed
model are based.

2.1 Curricular research and innovation in the

mathematics classroom

2.1.1  Curricular research in Mathematics Education
The majority of the studies on Mathematics Education are
closely linked to interests related to curricular design or

development. At both levels of reflection there is very little
information on the latter, the reason why:

“...it is necessary to promote, define and clarify, building
on Mathematics Education, the field of study of curricular
development and encourage the establishing of stable
groups of researchers in this field who can work together
in coordination and competitively.” (Rico, 1997, p. 267)

To define the notion of a Mathematics curriculum we take
a generic approach which refers to the set of activities
targeting training planning (Tyler, 1986; Stenhouse,1984),
within a comprehensive, systemic model in accordance with
the component scheme, and levels of specificity and
dimensions as proposed by Rico (1998, p. 31 onwards). He is
the author from whom we take the following statements as the
principles for the model we are proposing here:

“... the curriculum is an open and dynamic process. As
soon as materials are developed, they should be tested,
the results evaluated, to identify errors and propose
improvements, which would mean new materials with
which to start the cycle anew. In this way, it would be
possible to obtain a constant improvement of the
curriculum.” (Rico, 1998, p.87)

2.1.2  Curricular Innovation in Mathematics
Innovation, curricular change and projects of innovation
in mathematics all represent and have always represented a
concern in the area of Mathematics Education especially in
relation to sweeping curriculum reform and specific or

3 ICME-3 (1976) Herman Athen and Heinz, Kunle, (eds.)
Proceedings of the Third International Congress on Mathematical
Education. Karlsruhe (Germany).
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extensive “curricular changes” with a narrow scope and
carried out by only one group of people, (Coriat, 1997a, p.
200).

In general terms, only two categories of studies are
recognised: those which follow a development model or a
theoretical trend, and those which are based on a strategy of
curricular innovation. Within the first group can be found the
models; Behavioural, Modern Mathematics, Structuralism
(Structure of disciplinary knowledge), Training (development
of intellectual structures) and Integrated Learning (scientific
content and structure together with intellectual training). The
strategies for curricular innovation (Rico, 1997, p. 228) can
also be of two types: the model of research-development-
dissemination, and the model “focus on personality”, which
attempts to involve the teacher, either directly (full
participation) or indirectly (as the final user of a product). We
have taken an approach of direct participation with an
integrated teaching model as the basis for our research model.
The strategy centres on the personality of the teacher as the
strategy for the integrated teaching model.

2.1.3  Research and curricular innovation

Innovation research aims to add a rigorousness, assurance
and credibility to innovation in order to ensure the validity and
scope of the effects of the changes made. Its aim therefore is
to provide the means by which innovation can become an
effective tool in effective solidly-based reforms that do not
remain as just good intentions by reduced groups of teachers.
The action research emerges as a wide-ranging model,
complemented by the participation and coordination between
specialists in research in Mathematics Education.

2.1.4  Research and curricular innovation and teaching
training

In “ICME 3 can be found for the first time, certain
approaches that integrate and inter-relate research and
curricular innovation with teacher training. This is illustrated
by Stenhouse (op.cit):

“... the work developed in the fields of curriculum and
teaching largely depends on perfecting ways of
cooperative research between teachers with the
simultaneous input from professional researchers, who
support the work of the teachers.”

This confirms that there is a need for a model based on
the figure of the teacher as a researcher®, in research-based
teaching and in research, based on a mixed methodology
which focuses on schemes of action research.  This
arrangement therefore brings together research, innovation,
and teaching in a coherent whole (Rico,1997) the results of
which will have an immediate effect on teacher training,
which in turn will affect common practices in the classroom,
textbooks and institutional reform.

4 In close collaboration with professional researchers (Author’s
Note).
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2.2 Research methods in Mathematics Education

The study of real phenomena in the mathematics
classroom not only implies an active participation of the
teachers themselves, collaboration or an innovative intention,
but also demands the use of diverse research models which
can be divided into three main categories.

2.2.1 Non-empirical methods

In the initial phases of the studies it may be necessary to
draw on the following well known procedures:
Epistemological and phenomenological analysis (Freudhental,
1983; Puig, 1997), analyses of texts and resources in
Mathematics (Coriat, 1997b), didactic analysis of
mathematical content and teaching (Gonzalez, 1998, 1999c¢);
Gallardo and Gonzalez, 2012).

2.2.2  Empirical methods

There are situations which require the use of qualitative
methods (Guba and Lincoln, 1985; Taylor and Bogdan, 1986),
action research procedures (Goyette and Lessard Hébert,
1988), interviews and surveys (Goetz and Lecompte, 1988;
Cohen and Manion, 1990; Ortiz, 1998), or quantitative
methods (Bisquerra, 1989).

2.2.3  Mixed methods

In general terms, we agree with the idea that in
Mathematics Education “The small scale qualitative studies or
large scale quantitative studies are essential to build useful and
solidly-based  knowledge to put into teaching
practice...(But)’. Neither of them alone is sufficient, they are
both necessary” (Hierbert and Grouws, 2007, p.398).

Until 2005, 70% of all studies in Mathematics Education
used qualitative or quantitative methods (Hart, Smith, Swars
and Smith, 2009, pp. 26-41). However, recently, there has
been a tendency towards specific configurations of these two
methods, depending on the characteristics of the studies,
which has given rise to a new line of research. This is clearly
marked by the use of Mixed Methods in Mathematics
Education (Hiebert and Grouws, 2007; Castro and Godino,
2011), which constitute a “set or analysis of quantitative and
qualitative data gathered at the same time or sequentially
through established criteria and which integrate one or more
stages in the research process” (Creswell, 2003, p.711).

The model which we propose uses mixed methods of
research with a similar focus as those studies carried out in the
field of engineer training (Borrego et al., 2009; Case and
Light, 2011). The principles have a distinctly pragmatic basis
(Johnson and Onwuegbuzie, 2004) and come from a concerted
focus on Mathematics Education as “a discipline applied
where research should improve education; the integration (of
methods) is necessary not only to discover whether certain
experiments in education improve learning and understanding
but also to find out how these results are reached and why we

5 Author’s Note.
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can expect them to be repeatable elsewhere” (Hart et al.,

op.cit., p.39).

curricular
Critical

2.3 Trends and research models for
innovation in Mathematics Education:
analysis and consequences for the model

Research in Mathematics Education which proposes
curricular innovation is carried out within frameworks made
up of different stages and trends which we now analyse and
which have contributed to the configuration of our proposed
model.
2.3.1 Traditional trends

Bartolini (1998), Arzarello (1999) and Bartolini and
others (1999), examining the deliberations of Grouws (1992),
identify three traditional trends in research in Mathematics
Education which are still valid for different approaches:

A. Research based on a conceptual organisation of
the discipline (also known as the scholastic
philosophical tradition (Grouws, op.cit). This trend
focuses on improving teaching in generic situations
based on a logical organisation of the discipline, with
greater emphasis being placed on the result rather
than the process itself, with the intention of
influencing teaching programmes and texts. There is
also a focus on the dissemination of initial training
and the goodwill of professionals.

B. Research on innovation in the classroom
(pedagogical tradition). This tradition promotes the
production of paradigmatic examples in order to
improve teaching in specific situations through
action research, an intention to influence the
curriculum, dissemination through permanent
training and the leading by example and goodwill of
teachers. The principal drawbacks to this trend are:
transposing it to other classrooms, and the
methodology research, the questioning of which has
led to the third and final trend

C. Research that observes and models the teaching-
learning experience in the laboratory conditions
(empirical scientific tradition). The idea of this
trend is to improve the understanding of the
processes of teaching-learning in mathematics so as
to have a solidly-based plan of intervention to put it
into practice (majority of research by PME®).

2.3.2  Research for innovation

The authors propose a fourth trend which combines

research with innovation so as to:

- Produce paradigmatic models to improve teaching in
mathematics (model A);

- Study the conditions and factors that affect specific
actions (models B and C);

% The International Group for the Psychology of Mathematics
Education (PME).
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- Produce innovative theoretical constructs to guide
the actions of the teachers;

- Produce innovative didactic methods (specifically
produced by this model).

The model has the following seven characteristics
(Gonzalez, 1999a; Galan, 2003; Padilla, 2003):

1. Active and direct intervention of the teachers as
“co-researchers”: The teachers act as researchers in
their own groups “developing studies of action
research of a cooperative nature”. The main
limitations lie in the teacher training and the
compatibility of research tasks and their day to day
teaching obligations, which can be offset by
collaboration with experts and situating the research
within official guidelines and real conditions in the
development.

2. A “natural” and systemic consideration of the
phenomena: The studies try to explore the
phenomena as they occur and where they occur,
without reducing them, isolating their parts,
excessively focusing on creating laboratory
conditions or distorting their natural timing
(Bartolini, 1998). We take this point of view,
although without excluding other trends, approaches
or complementary research.

3. Concern for replicating the conditions of a real
teaching-learning process, cutting down or
eliminating entirely the distance between theory
and practice. One of the goals of this trend is to
reach an understanding of the didactic processes so
as to exert an influence over them more efficiently.
The principal obstacle to this is the powerful
socialising effect that a school has which favours the
existence of routine practices which are difficult to
modify if methodological controls and precautions
are not taken (Gonzalez, 1999d).

4. Long-term studies and reconciling various tasks.
This type of research requires an extended period of
time in the classroom with attention split between
teaching tasks and research, which is difficult to
achieve, but not impossible with cooperation and
collaboration between institutions and the people
involved.

5. Particular attention paid to the moment in which
the phenomena happen. Normal educative
processes happen over a long period of time and can
therefore be analysed longitudinally. However, it is
also necessary to carry out cross-cutting studies in
which a small part of an isolated or unique process
can be modified in order to analyse the result.

6. A direct and rapid effect on the practices and
training of the teachers involved.

7. Possible unwanted effects on the curricular
development. The model allows for the introduction
of profound changes in the normal didactic process
(Bartolini, 1998), which could have a negative effect
on curricular development. Conversely, we believe
it is necessary to control these unwanted effects and
reconcile the changes introduced with the rest of the
normal, didactic development.

© 2020 Research Information Ltd. All rights reserved.
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233 Collaborative Action Research in Mathematics

Education

Closely linked with the trend “Research for Innovation”
is the approach that focuses on the development of qualitative
research projects, designed and implemented by teachers and
university experts. This is “a process of systematic study in
which teachers, review their own teaching and their students’
learning process through descriptive reports, discussion and
exchange of ideas with other teachers as well as a critical
reflection with the intention of improving educational
practices in the classroom” (Raymond, 1994, p. 3). However,
despite its advantages, which we incorporate into our own
model, we believe it is necessary to employ mixed research
methods, appropriately combined and adapted to the
necessities of the study.

2.3.4  Local Theoretical Models

Although the goal of this approach is to “... analyse, in a
localized and specific way, the distinct aspects or components
of the phenomena of Mathematics Education...” (Filloy, Puig
and Rojano, 2008, p. 328), we are interested in those
approaches that recognise “...the necessity to model the study
on local didactic phenomena in order to subject them to
experimentation and thereby develop learning situations...in
the classroom.” (Fernandez & Puig, 2002, p. 30).

Similarly, we share the local and practical character of the
teaching and learning processes in mathematics: “Our
research has always addressed teaching and learning
processes, especially in the domain of mathematics.” (Puig, ,
2008, p. 98); “...This means to elaborate local theoretical
models in order to understand the processes in play when
specific mathematical content is taught, in the education
system, to specific students, with the intention that these
models are adequate for the phenomena being studied.”
(Fernandez & Puig, 2002, p. 31), even though the authors
recognise that “although the validity range of the models is not
intended to go beyond the observed phenomena, the
description of the model attempts to be in depth, complex and
thorough...” (op.cit. p. 31).

The trend considers that the educational phenomena seen
in mathematics allow different components or “models” to be
used in studying all facets separately: Formal Competence
Model, Cognition, or activity, Model, Teaching Model, and
Communication Model. However, we think they are ideal to
study isolated questions but not to tackle global problems.
2.3.5 Design Research, Teaching Experiments and
REUBE trend

The trend “Design based research in education” arose
from the proposal to implement innovative processes based on
proofs and the adoption of scientifically based educational
measures (Kelly et al., 2008) in order to improve the quality
of teaching practices.

Cooperative work allows teachers to receive the
information necessary to adapt and implement innovative
processes or to develop a local teaching theory about an aspect

www.technologyinmatheducation.com
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or given topic (Gravemeijer & Van Eerde, 2009). The studies
are developed around the idea of introducing new subject
matter, new learning tools or new ways of organising the
context (Confrey, 2006; Molina, M., Castro, E., Molina, J. L.,
2011).

Within this trend can be found the “Teaching
Experiment” (Steffe & Thompson, 2000) and the Renewal of
University Education based on Proofs (Renovacion de la
Ensefianza Universitaria basada en Evidencias (REUBE))
(Becerra et al., 2012), which attempt to implement innovations
in the classroom guided by the results of research on the
discipline of teaching.

3. THE MODEL: RESEARCH FOR CURRICULAR
INNOVATION IN ACTION IN THE
MATHEMATICS CLASSROOM

Although all the aforementioned analysed trends are
useful and share the same end goals, we believe that it is
possible to have a model which is better adapted to real
conditions and provides immediate scientific solutions to real
educational problems in the mathematics classroom. This
model can also provide certain guarantees that the process can
be repeated elsewhere and ensures a greater validity,
commonality and reliability of the knowledge discovered
(Rodriguez, 1994, chap. 3, pp. 119-142). In what follows we
examine the key aspects of the proposal.

3.1 Description

We refer to this approach as “Research for curricular
innovation in action in the Mathematics classroom”. This is a
mixed methodological approach to didactic-curricular
research through innovation in mainstream mathematics
classrooms. This is applied in a classroom as the usual
teaching process unfolds, with the participation of the teachers
giving the class, and the minimum number of changes
necessary to test the hypotheses being considered. Below we
clarify the definition above in more detail:

Research

Although the studies can be seen as an enriching
experience by the participants and the results could be seen as
providing a “localised” improvement they should not be
considered as mere experiences or simply as innovation
efforts. In fact, the intention of the model is to protect and
guide genuine research, in other words, regulated studies with
a scientific aim, based on methodical and disciplined inquiry
and focusing on the discovery and dissemination of solidly-
based knowledge, validated and generalized as far as possible,
repeatable and susceptible to critical examination by experts.

Innovation
The research developed, more than merely expanding the

field of scientific knowledge in this area, must be explicitly
targeted to provide information which enables an “immediate”
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implementation of genuine improvements in common

teaching practices under similar conditions.
Curriculum

Innovation has to concentrate on the content of the official
mathematics curriculum and the actual circumstances in
which it is developed. To this end, the effects of certain
curricular changes must be analysed always supposing that
there exists prima facie evidence of their viability and positive
effect on certain aspects of curricular development, without
altering other conditions.

Action in the Mathematics classroom

Without underestimating the complementary role of
interdisciplinary approaches, or dismissing other types of
studies, the area of interest of the model centres on the
processes of teaching and learning of mathematics in schools,
where they happen and as they happen, which means that:

- the research is carried out as the mathematics class
unfolds, in normal conditions and with a minimum
number of changes allowed;

- the students and teachers take an active role and the
teachers themselves act as researchers;

- the work is completed with the advice and
participation of observers and at least one researcher
in Mathematics Education;

The model and the studies that are detailed in the work of
Gonzalez (2004), Galan (2003), Padilla, (2003), Rodriguez
(2004) and Larrubia (2006), comply with the conditions and
characteristics that are detailed below:

3.2 Characteristics
Purpose

The purpose of the study is to reach a deeper
understanding of the real processes at work in teaching-
learning in mathematics without manipulating or distorting the
nature or characteristics of the processes. It is also important
to ascertain the teaching potential in curricular development
and whether there is a real possibility to change or innovate
existing curriculums and to discover how far reaching are the
effects of different factors, evaluating the reach and real
results of the changes “allowed” whilst at the same time
identifying the limitations and difficulties in optimizing the
process.

A study carried out in real conditions, has to, on the one
hand, consider the phenomena as a whole and in all their
complexity and also view them as singular, unrepeatable
events; and on the other hand, take small steps rather than
attempt extensive research studies which could become too
unwieldly and too ambitious. In addition, special relationships
are formed between the teachers, the research and the teacher
training at the heart of the profession.

International Journal of Technology in Mathematics Education, Vol 27, No 3
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Conditions and Commitment

The following conditions and commitment serve as
guidelines in both the inquiry process and permitted actions:
1. A scrupulous adherence to the reality of education,

preserving the integrity and authenticity of the

phenomena, which means:

a) The research has to be carried out in normal,
genuine conditions, thereby preventing the
introduction of changes which indicate the
presence of laboratory conditions.

b) A reduced manoeuvrability. The study must be
subject to limits that impose the reality of the
classroom, the centre of learning, etc. (personal
boundaries and limits on materials, time,
curriculums, etc.); limitations and difficulties
which are intended to control the variables,
unwanted effects, the existence of rival
hypothesis, outside influences and threats to
validity.

2. Zero prejudice or innovative intention in the teaching
process and its results

3. Total compatibility with the ordinary design with respect
to the guidelines and guidance of the Educational

Administration.

4. Durability and strength (permanent and sustainable
changes)

Academic and curricular framework:

The framework is delimited by curricular design, national
guidelines and their effect on teaching practice. The elements
that make up the framework are the objectives, content,
methodology guidelines, evaluation, resources, activities and
other aspects regarding national curricular design.

Types of problems and studies

These are related to the effect that viable, legally
permitted changes to the curriculum have on the development
of ordinary teaching and the results of such changes.

The studies can be in isolation or made up of various
coordinated studies, overtime and focused on replication and
subsequent confirmation, in various equivalent groups, of the
correctness of the curricular innovation under analysis.

Didactic Processes

The studies are carried out in real didactic processes, the
curricular design and development and their impact. The
standard version of the model has two didactic processes:

o Experimental, which centres on the changes
which delimit the research problem posed and is
reflected in an experimental teaching protocol;

o Control, which is detailed in a controlled
teaching protocol which, in general, coincides
with the ordinary didactic process without
alteration.

© 2020 Research Information Ltd. All rights reserved.
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Teaching Protocols

These should be clear, repeatable and include all aspects
of a complete curricular design, in such a way as to permit an
outside observer to say beyond doubt, that they have been
followed faithfully or that there have been some deviations.
The same is true for the protocol of the control process, which
should include observable indicators of use to capitalise on the
process and the existence of competitiveness in the
experimental process.

Observation Processes

Attention should be paid to, among other aspects:
suitability of the processes in the established protocols; the
impartial behaviour of the teacher; deviations greater than
expected; student behaviour; the characteristics and
differences/similarities of the processes; the alternative,
competitive nature of the control process.

Action areas and conditions

The research can be carried out in any classroom where
mathematics is taught, which meets the conditions set out. It
can be at a given level in a single centre of learning or in two
or more centres and two or more levels and groups.

Differences to the usual process

- Time frame

The studies should be carried out throughout a normal
academic course, which is not to say that they should be
completed in a single course or that they should dominate the
time dedicated to the course itself. The time frame will depend
on the type of problem to be solved, the breadth of the problem
and the real availability, and the approaches to be applied.

- Methodology

The study requires the methodology to be:

A. Mixed, which should include, depending on the
circumstances:  Non-empirical methods:  Didactic
analysis, Analysis of mathematical content, Historical
Analysis, Phenomenological analysis, Epistemological
Analysis, Analysis of text books and mathematical books,
Task analysis, etc.

Qualitative and quantitative empirical methods:
Concerning the intervention itself (Ethnographic
techniques and immersion in natural groups;

experimental techniques (experimental group-control
group); techniques of action research); With respect to

gathering information (surveys, interviews,
questionnaires, objective testing; ethnographic methods:
participant observation, external observation,

triangulation, epistemological reflection, analysis of logs;
consultation with experts, opinion of teachers, etc.;
Regarding data analysis: Descriptive  methods,
comparison of parameters, variance analysis.

B. Complex: as befits the complexity of the problem and the
circumstances.

C. Adaptable: the study should be adaptable to the problem
posed and the real conditions of development of the
teaching process, the changes made, the personal

www.technologyinmatheducation.com
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circumstances of the participants, official guidelines or
physical circumstances.

D. Compatible: it should be compatible with the design and
development of the curriculum and the conditions of the
study’.

- Variables

Dependent variables: Performance, scoring of a standard
objective test before and after the process is applied, etc.;
independent and concurrent: time dedicated to exercises and
problem solving, initial past performance, scoring, etc.

- Phases of the study

Theoretical phase, preparation and basis: Background,
didactic analysis, preliminary, exploratory, theoretical and
empirical studies: Equivalence testing of groups and
delimitation of any differences found; verification of
normality and equality of means and variances, randomness,
composition and origin of the sample groups, etc.; elaboration
of: Protocols of process and observation; control and logging
instruments (audio, video, note books, log pages, etc.); design
of empirical studies;

Experimental phase: Development of experimental and
control approaches, observation, controls and tests. Assurance
of: equivalence in the two approaches, where this does not
affect study changes; guarantees of impartiality, elegance of
procedures, “threats to validity”; logs and fidelity controls of
the protocols; elimination and control of extraneous variables
and unwanted effects;

Analysis phase: the results and conclusions drawn.

4. RESEARCH AND INNOVATION IN
MATHEMATICAL COURSES IN UNIVERSITY
STUDIES IN ENGINEERING

The model described has been used to study some aspects
of the usual design and development of the curriculum for
solving quadratic equations in the 3rd course of the ESO
(Educacién Secundaria Obligatoria - Compulsory Secondary
Education-) (Larrubia, 2006) and in mathematical courses of
engineering studies, an area of phenomena that has seldom
been studied in research regulated by Mathematics Teaching®.

In relation to engineering degrees, there have been three
studies (Galan, 2003; Padilla, 2003; Rodriguez, 2004), all
based on changes to conventional teaching practices in the
following subjects, commonly found in the curriculum of the
“Telecommunication Engineering” degree:

1. Line Integrals in the subject “Vector Analysis and

Differential Equations” (first year).

2.  Multiple Integrals in the subject “Vector Analysis and

Differential Equations” (first year).

3. Derivation and Integration of Complex Variable

Functions in the subject “Advanced Mathematics”

(second year).

7 It is not possible, for example, to carry out successive cycles of
research in action in the same subject or to dedicate many hours to
research tasks in detriment to the curricular design.
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In all three cases an analysis is carried out considering the
effects that a new mixed teaching methodology, has on the
following factors: learning, attitude, performance of students,
and the teaching process and its comprising elements. This
also encompasses those programmes that include DERIVE
(known as experimental) which are compared to traditional or
more common teaching methodologies (known as control).
Simultaneously, they take advantage of the experimental
development to reflect on the validity and reliability of the
data, the innovative potential, the relevance and usefulness of
the theoretical and methodological framework, and the future
development of this line of research.

In accordance with the established methodology and in
order to evaluate the model, the empirical studies are divided
into two different parts, although interrelated and applied
simultaneously:

e Quantitative study, aiming to compare the effects of

the two didactic approaches

e Qualitative study, aiming to gather specific and

independent information from the quantitative study
so as to expand on the data provided by said study.

The experimental study fits a quasi-experimental design
or a dual pre-test/post-test design. In the qualitative study the
following are used: instruments and techniques of participant
observation, triangulation, interviews and surveys to obtain
evidence on speculations, the research problem, the model
used, the method used in relation to performance, validity of
teaching process and to what extent the teaching approach is
innovative.

The practical development is adjusted in each study in the
following stages (See Figure 1):

Stage 1: .
Pre-test

Random assignation of the students to the
control and experimental subgroups.

e Random assignation of the teaching

processes to the two student subgroups.

e Prior level test (pre-test): the test consists
of solving wvarious exercises and
questions on the themes, previously
developed in each of the study’s subjects.

Stage 2: .
Teaching

Phases both teaching processes have in
common. Development of those aspects,
the two processes have in common.

o Differential phase of both teaching
processes. Development of differential
aspects in each of the processes.

e Observations. In each study, two

observers wrote detailed reports on what

happened and decided whether this fitted
or not with the expected methodological
development.

8 It is important to highlight the interest of the Department of Applied
Mathematics at the University of Malaga in this research to improve
the didactic process and improve the quality of training of future
engineers.
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e DERIVE files. At the end of the
experimental process, the students
recorded all that has happened
throughout the process in DERIVE files
(See Figures 2. and 3.)

Stage 3: e Evaluation test (post-test). A commonly
Post-test used written test was applied to both
groups at the end of the teaching
processes in order to evaluate the
performance levels reached.
Stage 4: e  Surveys. Once the teaching processes had
Surveys finished, the students took a survey so as
and to obtain complementary information on
Interviews the development of the experience.
e Interviews.  The  students  were
interviewed individually to gather
information on attitudes, motivation,

level of interest, suitability of teaching
method applied, negative effects of the
experimental process and to check data
consistency.

Level Test

Phase common to both teaching processes

¢

s

Evalyat'-.ian Test -

Differential Phase
Experimental Process

Differential Phase
Control Process

COMPARATIVE ANALISYS

DERIVE Files

Suf-ﬂéﬁs éh'Fvevs

Interviews

Figure 1 Diagram of studies carried out

The instruments discussed, with the exception of the
DERIVE files and interviews, were applied to both groups,
experimental and control in each of the three studies.
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Figure 2 Command programming task carried out by
students
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Figure 3 Command programming task carried out by
students

5. RESULTS AND CONCLUSIONS

The specific software considered is not relevant for the
process. Any CAS which allows programming can be
considered. In the three studies, the CAS considered was
DERIVE since the authors are expert in the use of this CAS in
both, Mathematics Educations (Aguilera-Venegas, G. et. al.,
2015; Aguilera-Venegas, G. et. al., 2017) and Engineering
applications (Aguilera, G. et. al. 2010; Aguilera, G. et. al.
2014; Galan-Garcia, J.L, et. al. 2014; Galan-Garcia, J.L. et. al.
2018).

The process followed has yielded the following results
and conclusions (commons in the three studies):

e It is possible to implement, in accordance with the
principles and conditions of the established theoretical
framework, a mixed teaching method, comprising board
lessons and 1.T laboratory classes based on the DERIVE
programs.

e  The performance of the students significantly improved
in all cases.

e  The mixed teaching method: a) helps in learning concepts
and procedures; b) improves the attitude of the students in
terms of attention, motivation, interest and participation;
c) is compatible with the usual design and curricular
development; d) improvement of the mastery and
proficiency of the students in the subjects’ content,
measured through objective tests, designed with the usual
criteria applied; e) favours the leading role of the students
themselves, compared to technological means and
increases their degree of participation and levels of
independence in the work carried out in the class.

e In all three studies the following conditions were met:
With respect to the reality of the classroom, zero
prejudice, innovative intent, compatibility of the design
with regard to the directives and guidelines of the
department, durability and robustness of the innovations
implemented, assessing the phenomena as a whole and in
all their complexity, active participation of teachers, both
in their own, natural groups and in collaboration with
each other.

e In regard to the purpose of this line of research: The
reality of the situation was analysed without any
extraneous manipulations; viable and compatible changes
were made to the curriculum; tasks and novel uses for
them were introduced so as to optimise the process and
improve the results; knowledge based on curricular
phenomena was obtained and disseminated; the
involvement of the teachers was successfully achieved in

www.technologyinmatheducation.com
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the research into teaching practice itself as the core to
generating innovation and positioned professional
knowledge.

It is evident that ideal conditions for developing research
as it should be, are not to be found in normal mathematics
classrooms. The education system, the participants, the
centres and the classrooms are not yet prepared for research
into the actual practice as it is unfolding. Having said which,
we believe that the classroom is in fact the ideal place with the
ideal conditions for carrying out “applied” research on
Mathematics Education. Without doubt, this type of setting
has added difficulties due to the limitations of the actual
process, so there needs to be changes made which help and
enhance this type of research. = However, we cannot
underestimate the value of isolated studies on performance,
difficulties, problem studies, behaviour in class or text books,
carried out under laboratory conditions and focusing on only
one part of the phenomena observed. They are worthy of
consideration and should be taken into account in subsequent
studies.

When we talk about the limitations and difficulties
observed in the studies we are referring to:

e Real conditions, the requirements demanded by the
official guidelines and having to design curriculums for
complex core subjects, leave very little margin to carry
out the tests and complicate the implementation of
complete processes of action research. However,
working in groups has allowed studies to be carried out
which could be considered as cycles of an overall process
of this type from a methodological point of view and
taking into account the most common aspects.

e The resulting extension of each of the three studies was
due to the restrictions imposed by the theoretical
framework of the research. Despite this, the strength of
the common process of inquiry has permitted us to
examine, with some confidence, new subjects and
curricular changes.

Lastly, in relation to the continuation and future prospects
of these studies and this line of research, we consider it
important to highlight the following aspects:

e The studies should be repeated with new groups of
students, new subject areas and with the participation of
other teachers of these subjects

e Studies should be repeated in other degree courses with a
comparative analysis of the results.

e A more in depth look at the qualitative aspects of
curricular development is necessary.

e A deeper look at the reasons for the changes detected:
learning, characteristics, types, evolution, etc.; influence
of the programme and the tasks themselves have on
performance; analysis of other possible factors.

e Research into other curricular changes with respect to:
evaluation, methodology, tasks, applications, use of new
technologies from other angles (Internet, etc.).
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