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Message from the Editor-in-Chief
Dear Colleagues,

We are very pleased to publish Special Issue Volume 2 for INTE-2018, ITICAM 2018 & IDEC 2018
conferences. This issue covers the papers presented at International Conference on New Horizons in
Education, International Trends and Issues in Communication & Media Conference and International
Distance Education Conference which were held in Paris, France. These papers are about different
research scopes and approaches of new developments and innovation in education, communication,
media and technology.

Call for Papers
TOJET invites you article contributions. Submitted articles should be about all aspects of educational

technology. The articles should be original, unpublished, and not in consideration for publication
elsewhere at the time of submission to TOJET. Manuscripts must be submitted in English. TOJET is
guided by its editors, guest editors and advisory boards. If you are interested in contributing to TOJET
as an author, guest editor or reviewer, please send your CV to tojet.editor@gmail.com.

November, 2018
Prof. Dr. Aytekin ISMAN

Sakarya University
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Abstract

In this paper, we discuss the extraction of knowledge from cardiac data by implementing hidden Markov chains
(HMM). This method is experimented in the field of cardiac arrhythmia recognition (ventricular, atrial and
abnormal pathologies) from (Holter) long periods of ECG signal recordings, in order to evaluate its performance
for such time and to prove that biological models are capable of giving good results, the results of the analysis
are shown with experiments.

Introduction

The rates of mortality relative to cardiovascular diseases are high. According to the (Who, 2010), cardiovascular
diseases are one of the most important causes of mortality in the world. Sudden death represents the half of
deaths that have cardiac origins, the average age is between 50 and 60 years old but it can occur at any time. The
mechanisms of this sudden death are principally ventricular arrhythmias with a percentage of 75% where the
presence of extra systole is considered as an eventual predictor. An ECG signal is frequently used in clinic
practices by cardiologists in order to determinate the origins of cardiac anomalies.

We deal in this paper the extraction of knowledge from cardiac data for implementation of a neural classifier of
cardiac pathologies. Most classifiers cardiac arrhythmias developed in recent years (Yeh and al, 2009) Have
Given Method (FLM) method Fuzzy Logic for analysis of ECG signals, neuronal approach (Mateo, 2011)
(Chalabi, 2009).

This article is organised as follows:

At first we will give a related works in this field, and the most representative parameter of data base. As a result
we will focus on the HMM method, after we give the results obtained, and finally a conclusion.

Related Works

Various methods of automatic classification of the ECG are found in the literature. We can mention the work
carried out by several researchers for the detection of cardiac arrhythmias. Quiniou et al (Quiniou, 2006) used
the inductive logic programming that is a machine learning technique for the recognition of chronic their system
called CRS (Chronicle Recognition System) developed at France Telecom R & D Lannion, allows to treat
effectively important event flows and chronic databases of consistent size. Chalabi et al (Chalabi, 2009)
combined two networks (SOM: Self Organization Map and LVQ: Learning Vector Quantization) whose main
goal is to have a better classification rate in a minimum time, they used the wavelet transform to extract the
parameters that characterize various arrhythmic pathologies and thus constituting the bases of learning and
generalization of neural networks. Hendel et al (Hendel, 2009) have proposed a diagnostic aid system for four
very common cardiac arrhythmias: Extrasystole Ventricular (EV), Extrasystole Auricular (EA), Right Branch
Block (BBD), and Branch Block. Left (BBG), in addition to the normal beat (N). They began by locating the
QRS, P, and T waves and by calculating the temporal and morphological parameters that characterize a beat
using mainly the wavelet technique. Then the implementation was done through a self-organizing map of
Kohonen which is responsible for determining the type of beat according to its characteristics which gave them a
classification rate of 95%. Messaoud et al (Messaoud, 2005) gave a fuzzy approach to the classification of
cardiac arrhythmias in the atrial fibrillation family. Benali et al (Benali, 2009) did a knowledge extraction and
classification of cardiac arrhythmias (ventricular extrasystoles, ESV) using a hybrid approach called neuro-fuzzy
that combines neural networks with fuzzy logic. This approach gave a classification rate of 98.71% .Yeh et al
(Yeh, 2009) gave the Fuzzy Logic Method (FLM) for the analysis of ECG signals, which classifies and
distinguishes the two heartbeats. , these are normal beats and abnormal beats, the method gave a classification
rate of 93.78% .Mateo et al (Mateo, 2011) used Radial Basis Function neural networks whose results were
satisfactory by offering a large reduction of ectopic beats for ECG recordings.

The Database

Presentation Of The Database

Since 1975, laboratories at Beth Israel Hospital in Boston and MIT have produced an MIT / BIH database, which
began to be distributed in 1980. This database contains 48 records extracted from a half-hour of ECG two-way
ambulatory recordings, obtained from 47 subjects studied by the BIH arrhythmia laboratory between 1975 and
1979. 23 recordings were randomly selected from a set of 4000 24-hour ambulatory ECG recordings gathered
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from a mixed population of patients inpatients (60%) and outpatients (40%) at Beth Israel Hospital in Boston,
the remaining 25 registrations were selected from the recordings which, in consideration of rarely observed
arrhythmias, have clinical significance.

Description Of The Database

In order to build a database, we used the MIT-BIH database as a raw database, and the Queen's Signal
Processing and Imaging (LTSI) database, which is characterized by the Tompkins algorithm (algorithm for the
detection of the different waves of the ECG signal).

Knowing that our database is annotated, we designed a matrix that contains several beats from well-chosen
records in order to have the maximum example for each class (Table 1).

Recorders Number of Number of Number of Number of
beats 'N' beats 'V' beats 'A’ beats ')!
200 100 100 0 0
234 100 0 0 50
114 0 0 10 0
232 0 0 100 0

Tableau 1: some records from the database.

Parametres | Definition

RRp Since the R pic precede the pic R
present.

RRn From the R pic present at the pic R next.

QRS Represents the larger QRS complex.

PP From S to R.

E ECQG signal energy.

Tableau 2: meaning of the parameters contained in the database.

Analysis Of Input Variables

The characterization of the heartbeat by relevant descriptors is essential when designing and implementing any
model for recognition of a cardiac anomaly. It should be noted that many approaches cited in the literature have
focused on the difficulty of measuring and choosing the relevant ECG signal parameters and their classification.
We can mention the work done by several researchers, for the reduction of the QRS complex for each heartbeat.
Acharya et al. (Acharya 2004) used spectral entropy, standard deviations, and Lyapunov exponent measurement
of thythmic variation for the neuronal classification of cardiac arrhythmias. Zhou (Zhou, 2003) applied the PCA
method to reduce the size of the QRS complex. The reduced vector is then presented at the entrance of a neural
network, for the detection of the premature ventricular beat. Lagerholm and Person characterized each cardiac
cycle by its RR interval and the coefficients resulting from the QRS complex decomposition into basic Hermite
functions. These parameters were used to separate the arrhythmias available in the MIT-BIH database, using a
Kohonen map. Krishna and Sohambi (Krishna 2003) used a multilayer perceptron to identify ectopic beats, with
an input vector composed of wavelet coefficients and the RR rhythm. Minami et al (Minami 1999) calculated the
spectrum of each QRS complex for the recognition of ventricular tachycardias via a multilayer neuron network.
Fredric and Soowhan (Fredric 1996) calculated two coefficients by the linear prediction method at each QRS
complex for the classification of VEBs. Nichola et al. (Nicholas 2004) segmented the ECG signal into a set
characteristic values, using the Markov model, Lately in the works of Chikh, (Chikh 2003). As we have already
pointed out at the beginning of this chapter, the right choice of parameters of the input vector to the classifier is
very important. For that we proceed to a geometrical analysis of the data (two-dimensional, three-dimensional)
to see the degree of belonging of each parameter with respect to the different targeted classes (Normal,
Ventricular, Auricular and Junctional).
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Classification

HMMs are very promising alternatives to circumvent some of the limitations of conventional computers.
Through their parallel processing of information and their mathematical underpinnings, they infer emerging
properties to solve complex problems. Our HMM methodology helps the practitioner to make a decision.

Methodology Of An Hmm
A HMM is described by several stages for its design: evaluation, decoding and learning.

Evaluation

The evaluation lies in the calculation of the probability of the sequences of observations in an HMM P (O / A).
We used the Forward algorithm for the evaluation of transitions and emission matrices as well as the initial
vector that are specific to each model of the HMM, in fact we created four models for the four classes associated
with the four pathologies ( normal,Ventricular, Auricular and Junctional).

T T
P(0/S,A) = HP(O. [ Sed) = ]_[b,-;, (0,
t=1 t=1

S is however not known in practice, but we have probabilities:
p 3

P(5/4) = P(s;) HP[_\'r [S-1.) =1y I_lr::,___: &)
r=2 2

According to the probabilities we have:

Evaluation Algorithm

P(0,5/A) =P(0 | 5,0) P(5) D) =m,b(0,) Hu (0.)

Resolution of P (O / A) summing on all possible S:
P(OJA) = Z P(O.s/h)

Learning

In order to maximize the probability of generating an observation sequence from the training data, we used the
Forward Backward algorithm to adjust the parameters of the four HMM models (cited above).
the probability of observing the partial sequence from the beginning to the time t, {O1 ,, Ot}

a; (i) = P({og, ..., 0:),5; = S;/A)

So the Baum-Welch algorithm consists in assembling the two procedures (before and after), by calculating the
probabilities yt (i) and &t (i, j): yt (1): which is the probability in the state Si at time t knowing the observation
sequence O and the model A.

at(i) : explains the sequence of time t in the state Si until time T.

Bt(i) : explains the sequence from the beginning to the time t in the state Si.

at(i) and Bt(i) : explains the sequence has the effect that at time t, the system is in state Si.

&t(i,j): probability of being in the state Si at time t and in state Sj at time t + 1 being
gives the sequence of observations O and the model A.

§e(L,j) EP (S5 = 50,5141 = 8;/0,4)
ﬂ'r('}ar,;b; (0r41)Be41()
Ei«'xr“l‘(k}dﬁ',lbl(oro l)ﬁrn(*]

&L )) (II('!.]dl.,fbj(UI"' 1)Besa )
L Xi; (k.\—]dk,f'{"[(”ﬁ 1-)Br+1 (1)

Experimental Results
The results presented in this study, for the classification of ECG signals were obtained by applying to the input
of each classifier ECG signals of "LTSI". This work was conceived by first using the Matlab for the
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implementation of the multilayer perceptron, then the JAVA programming language to test our technique
(hidden Markov chains), we used our own database (Table 1), extracted from the LTSI database to implement
the evaluation algorithms Viterbi and Baum-Welch. Our classification system allowed us to obtain a recognition
rate of 90% for the multilayer perceptron and a recognition rate of 92.20% for the Markov chains by applying all
the ECG recordings of LTSI presented in our study. , with the details concerning the classification rate of each
class of which we obtained a rate of 88% for the Normal class, 99% for the Extrasystole Ventricular class, 98%
for the Extrasystole Auricular class and 97% for the Extrasystole Junctional class.

Conclusion

Hidden Markov chains have a major advantage in classification compared to other classifiers because of their
speed of execution and ease of interpretation. Note that in the medical field, any expert requires any automatic
method of diagnosis to justify its decisions, a feature absent in several techniques cited in the literature especially
neural networks. The method we present in this article provides physicians with precision and minimal
computation time. The quality of the ECG signal represents a major constraint for the recognition of different
pathologies. As well as the mode of acquisition has a major role to differentiate between ventricular extrasystole
and other pathologies. Our database extracted from the MIT-BIH and LTSI database is essentially composed of
DII derivation beats which constitutes a major handicap during the classification. We have successfully
implemented a classifier based on hidden Markov chains. The results obtained are very encouraging, 92% is a
performance that can be improved if we increase the number of derivations.
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Abstract

In science education, the study of Leonardo da Vinci’s work constitutes a valuable resource not only in terms of
contents and potential in interesting, motivating and engaging students, but also in terms of teaching approaches
capable to facilitate learners to perceive the character of necessity of subjects, to conceive science not as a
collection of finished and polished products and to emphasize the reasons why concepts, methods and theories are
formulated.

The main interest of Leonardo was the physical reality, not its simplified modellization, and therefore the starting
point of his approach to knowledge, i.e. of his scientific method, was the experience, to which it ascribed a
universal value. He wrote: “la Sapienza e’ figliola dell’esperienza” (i.e. knowledge is the child of experience) and
“ogni nostra cognizione principia dai sensi, onde bisogna limitare la ragione alla isperienza” (i.e. all our knowledge
starts from senses and, hence, one has to limit the reason to experience). Furthermore, Leonardo was against those
who believed that sciences “principiano e finiscono nella mente” (i.e. begin and end in the mind), namely those
who did not believe in direct observation.

The present contribution deals with a critical view of the Leonardo’s scientific method and aims to put into
evidence its character of modernity and its usefulness in science education.

Introduction

In the late 1950s the British scientist Charles Percy Snow (Snow, 1959, p. 3.) claimed about the chasm dividing
the humanists and scientists, whereas about five hundred years ago in Italy many intellectuals developed expertise
in different fields giving rise to the expression “Renaissance man” entered in the vocabulary to describe the
underlying interdisciplinary spirit (Whiting, 1992).

Leonardo da Vinci interpreted this spirit in a paradigmatic way, thanks to his multifaceted genius and his
innovative approach to knowledge which transcended the unity of science and art and prefigured the methodology
of modern empirical science. For these reasons Leonardo can be considered as the first modern scientist and a
precursor of Galileo, Newton, and Einstein, just to cite some of the “science fathers”.

Differently from other scholars who, following the way of modellization, moved themselves, with a given extent,
away from reality, the Leonardo’s approach to knowledge made him persistently focused on the phenomenological
world which he represented through detailed drawings almost always accompanied by descriptions and remarks
(Pedretti, 2003; Capra, 2013; Kemp, 2006). More in details, when possible, Leonardo approached the investigated
phenomena through accurate observations and both qualitative and quantitative analyses. In the case of simple
machines, for example, such as pulleys and winches, and even in the complex case of friction force, Leonardo
quantitatively evaluated the value of the forces and the mutual relations between the physical quantities related to
the specific observed phenomenon. In such cases, he used operational definitions for these physical quantities and
was able to design and foresee the system physical behaviour. In more complex cases, when it was not possible to
approach the problem in mathematical terms, he made recourse to extremely detailed graphical descriptions in
order to not give up to the real description of the phenomena. In these cases, he replaced the concept of “operational
definition” with the “operational representation” - almost a snapshot - of the processes. In other words, especially
when it was not possible to get a satisfying description of reality through quantitative methods he used art, that is
“art for science” (Pedretti, 2003, p. 79); Capra 2013; Kemp, 2006). With the expression “sol fallano i nostri giudizi”
(i.e. only fail our judgments), Leonardo represented the difficulty - and the fallacy that ensues - of pushing beyond
experience, “promettendosi di quella effetti tali che ne’ nostri esperimenti causati non sono” (i.e. promising effects
that in the experiments are not caused), highlighting how effects that in the experiments are not caused may result
by wrongly formulated hypotheses.

This approach made Leonardo a precursor of many disciplines, making him a modern scientist and his work valid
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in science education as attention getter and critical thinking stimulant. Moving from sector studies showing that
students better learn scientific concepts, e.g. in physics, when they make direct experience (Redish, Saul,
Steinberg, 1998, p. 212; Redfors, Ryder, 2001, p. 1283), this contribution aims to highlight the specific aspects of
the Leonardo’s scientific method through concrete examples of his punctilious interdisciplinary work and his often
counterintuitive results.

The Scientific Method Or The “Scientific Methods”?

The modern age is characterized by the figure of Galileo Galilei with his scientific method and his nature laws
formulation. The approach of Galileo was essentially based on “difalcare gli impedimenti”, i.e. neglecting
impeachments through a low empiric vision of the experiment in which phenomena are at first idealized in an
approximate way, by removing the complexities appearing as no determinant, and then explained in abstract terms
and where the facts had the role of a check for the formulated hypothesis (Jardine, 1976, p. 277; Lovell Wisan,
1978; Koertge, 1977, p. 389; Drake, 1975; Gilbert, 1960). To report a specific case, one of the most important
assumptions of Galileo was limiting the observation to relatively heavy bodies and, in turn, neglecting friction
forces. An updated version of his method is sketched in figure 1 where it is shown how, starting from the observed
phenomenological world, one selects the system relevant empiric referents through operative definitions of the
involved significant physics quantities and tries to determine the relations existing among these measurable
quantities, i.e. the empirical laws, these latter constituting the so called “primary model”; at this stage, at a higher
epistemological level, explicative conjectures, constituting the so called “secondary model”, are introduced
through the formulation of hypotheses; these conjectures are then tested and, depending on the test findings, they
can be refined, modified or confuted.

The Galileo’s method, especially through the modellization procedure connected with the selection of a limited
and controlled number of significant physical quantities and through the use of operative definitions, generated an
authentic epistemological revolution which gave an extraordinary impulse to the physics development. The
consequences were noticeable and brought to a more and more extended mathematization of physics.

Galilean scientific method
Phenomenologic world
(Facts)

Operative definitions

(Choice of empiric referents)

Primary models

(Empiric laws - relations among measurable quantities)

Secondary models

(Theories - explicative conjectures)

Testing through experiments. Depending on predictions, theories
may require refinement, alteration or rejection

Figure 1 Scientific method approach attributed to Galileo.

However, due to successive science developments, this method did not appear always adequate in those contexts
which required a broader vision of reality and nature (Redfors, Holgersson, 2006; Naylor, 1976, p. 398).
More in details, generally speaking, at least three “revolutions” can be distinguished (Suppe, 1977):
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*  The «first revolution», known as Galilean-Newtonian reductionist model, led to an ever higher degree of
predictability of phenomena and was based on the belief that world is a mosaic of parts that can be studied
independently from the environment; it dominated until the XXth century.

*  The «second revolutiony, that of Einstein’s relativity and quantum mechanics, showed the groundlessness
of the determinism.

*  The «third revolutiony, started in the second half of the XXth century, saw a research focused on irregular
and unrepeatable processes where the reductionist conception is overcame in favor of a global point of
view which takes into account complex systems.

As far as the present status of science education is concerned it should be stressed that educators and researchers
have substituted the concept of a unique “scientific method” with that of “scientific methods”, depending on the
specific discipline, topic and case to be taken into account (Feibleman, 1991, p.83).

A highly appreciated and all encompassing version of scientific method is the so called “5W journalistic-like”
method (https://en.wikipedia.org/wiki/Five Ws) shown in Fig. 2.

5 W (journalist’s method)

I —

Figure 2 The so called 5W journalistic-like scientific method.

Following this approach (which could be further reduced to the sentence “How and Why?”), it is at first essential
to define the investigated system (corresponding to the Ist W, Who?) with its description and configuration
variables. Then, the primary model with its phenomenological laws (corresponding to What?) and its context
variables (Where and When?) are introduced. Finally, with the 5th W, corresponding to Why? an explication,
which requires the formulation of a secondary model, is furnished.

The Leonardo’s Scientific Method

In the last few years physicists, mathematicians, engineers, anatomists, botanists have undertaken examinations of
Leonardo’s work in science and technology, agreeing on the fact that Leonardo can be considered as the first
modern scientist (Galili, 2016, p. 115).

The observational skills of modern science were introduced in the Renaissance when there was a rediscovery of
the classical antiquity notion that man was the measure of all things (Sholarin, Wogu, Omole, Agoha, 2015, p.178).
The fervent environment of artisans, engineers, architects, navies, traders, making use of measurement and
calculations, met above all in the “Verrocchio’s bottega”, led Leonardo to recognize the fundamental office of
mathematics in the investigation of the physical world and to try to approach mathematics thanks to his friend
Luca Pacioli (O’Connor, Robertson, 2015).

It should be taken into account that Greeks had always avoided experimentation and Renaissance humanists
uncritically took up the assertions of classical texts: compared to them Leonardo developed a new, more empirical
approach to knowledge.

The empirical approach was natural for Leonardo, who was both a scientist and an artist: he considered the eye
the most important tool at our disposal for understanding nature and for him painting was science; therefore his
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science cannot be understood without his art, and vice versa his art needs science. Leonardo followed his own

scientific method to formulate a science for complex systems, such as for example the living forms, taking into

account the mutual connection among all phenomena and the interdependence of the parts with the whole.

Leonardo believed that the creativity of Nature was superior to the machines designed by man; for him it was wise

to learn from Nature, not to dominate it, as Bacon later said (Bacon, 1870).

This holistic and ecological method makes Leonardo da Vinci a «complexity scholar» that only now, after five

centuries, has re-emerged in scientific research and which is called «science of complexity».

If he had published his writings, he would probably have been given the title of «father of modern science» that

was instead attributed to Galileo (Galili, 2016, p. 115; Geymonat, 1981; Geymonat, 1977).

The starting point of his scientific method was the experience (Kemp, 2011) to which he ascribed a universal value

and he had in great consideration mathematics (Marinoni, 1982).

He wrote:

i) “The merit of painting lies in the exactness of reproduction. Painting is a science and all sciences are based on
mathematics” and

ii) “No human investigation may claim to be a true science if it has not passed through mathematical
demonstrations, and if you say that the sciences that begin and end in the mind exhibit truth, this cannot be
allowed, but must be denied for many reasons, above all because such mental discourses do not involve
experience, without which nothing can be achieved with certainty”.

This latter sentence approaches Leonardo to Einstein who wrote: “As far as the laws of mathematics refer to reality,

they are not certain; and as far as they are certain, they do not refer to reality”.

Experience And Science

The main interest of Leonardo was the physical reality and not its simplified modellization.

It is important to take into account that Leonardo formulated the causality principle: «Nessuno effetto € in natura
sanza ragione; intendi la ragione e non ti bisogna sperienzay i.e. In Nature no effect exists without a reason; you
understand the reason and you do not need any experience.

Furthermore, in his Vitruvian man, the standing man inscribed in the square shows vertical and horizontal signs at
the level of the hands, knees, pubis, shoulders and along the whole chest. The square, which in symbolism
represents the physical reality, could report the Leonardo’s revisited canon referring to the measurement process
necessary for the scientific knowledge. The circle could symbolize the sphere of truth, to which man yearns, and
which is eccentric with respect to the physical, imperfect and measurable reality represented by the square.
Therefore the human body, besides being the object of painting, becomes a measure system, which for Leonardo
is an instrument of knowledge based on the analytical observation of the nature.

In this framework, the starting point of knowledge is experience, the phenomenal reality, which he represents in
detailed drawings, sometimes accompanied by incisive captions. To the concept of operative definition of the
physical quantities he added an operational (quasi-photographic) representation of the processes.

More specifically, in simple cases, such as pulleys, winches, and friction forces analysis, Leonardo performs both
a qualitative and a quantitative analyses, quantitatively evaluating the value of the forces involved and the mutual
relations between physical quantities at stake and then, by using operational definitions of the physical quantities
themselves, designing and predicting the behavior of machines not yet realized. In complex cases, i.e. when it was
not possible to deal them with mathematics, Leonardo does not renounce to a realistic description through
representation of the processes themselves by means of very detailed drawings, creating an art for science. For
Leonardo drawing was a kind of language in images more immediate than words.

Fundamental Role Of Mathematics

Leonardo was well aware of the prodigious applicability of mathematics to natural and technological world and in
different other occasions he stressed the importance of mathematics: «Chi biasima la somma certezza delle
matematiche si pasce di confusione, ¢ mai porra silenzio alle contradizioni delle sofistiche scienzie, colle quali
s’impara uno eterno gridore and ... O studianti, studiate le matematiche, e non edificate sanza fondamentiy, i.e.
who deplores mathematics certitude eats confusion and never will put into silence the contradictions of sophistic
sciences, with whom one learns an eternal crowd and... students, study mathematics and avoid building without
fundaments.

And again: “I’uccello ¢ strumento operante per legge matematica”, i.e. the bird is an operative instrument by
mathematical law; “nessuna umana investigazione si puod dimandare vera scienzia, s’essa non passa per le
matematiche dimostrazioni ¢ nessuna certezza ¢ dove non si puo applicare una delle scienze matematiche”, i.e.
“no human investigation can be considered a true science, if one does not pass for mathematical demonstrations
and no certainty is where one cannot apply one of the mathematical sciences”.

He thought that mathematics furnishes the most appropriate language for the formulation of the laws of nature, as
Pitagora believed important to bring the changing aspects of reality to the unique and invariant principle of
numbers and as Plato he believed distorting the separation of abstraction and reality.
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The conception of the experimental method by which nature is comprehensible through mathematics approaches
Leonardo to Galileo. For mathematicians and physicists the recognition of quantifiable regularities, proportions,
symmetries and analogies in nature plays a central role. On the remarkable effectiveness of mathematics in
describing the laws of nature Eugene Wigner (Wigner, 1960, p. 1) wrote: “The miracle of the appropriateness of
the language of mathematics for the formulation of the laws of physics is a wonderful gift, which we neither
understand nor deserve. We would be grateful for it and hope that it will remain valid in future research and that
it will extend, for better or for worse, to our pleasure, even though perhaps also to our bafflement, to wide branches
of learning.” Wigner reputed “a scandal [...] an enormous gap in human understanding” the failure of science in
explaining the universe mathematical nature.

In the following we shall report two examples showing how in the simple case of friction Leonardo determined
the phenomenological law and was able to perform predictions, while in the complex case of pendulum he did not
renounce to a realistic phenomena description.

Educational Examples Based On The Leonardo Scientific Method

First experiments on friction were carried out by Leonardo da Vinci who illustrated them in drawing mainly
recorded in the Codex Atlantico and Codex Arundel, the Leonardo’s first note and sketches relating to friction
being probably written in 1493. Leonardo was able to point out that the value of the coefficient of friction depended
on the nature of the surfaces and the state of lubrication.

From the experiments dealing with rectangular block sliding over a plane surface in different ways, Leonardo
deduced the laws governing the motion of the block; the first quantitative investigations of friction and the
formulations of the two fundamental “laws” of friction, later formally enunciated by Amontons (Amontons, 1699,
p- 206), can be attributed to Leonardo, even though the term “tribology” was used for the first time almost half
century after the death of Leonardo. Nowadays students still perform similar equipment and they study the classical
laws of friction, which can be summed up in four statements:

i) the frictional force F is directly proportional to the load W;

ii) F depends on the nature of the sliding surfaces;

ii1) F is independent of the area of contact between the surfaces;

iv) F is independent of the sliding velocity;

as enunciated by the three French physicists Amontons, Coulomb and Morin (Amontons, 1699, p. 206; Coulomb,
1785, p. 163; Morin, 1833, p.1); however, the Leonardo’s work has no influence because his notebooks were not
reproduced and published until after other investigators had carried out and reported such experiments
independently.

If the Leonardo’s friction experiment were used today for physics students, they will find clear confirmations about
intuitive concepts, as “rough and hard with rough and hard — movement of the greatest difficulty; rough and soft
with rough and soft — medium difficulty”, and also counterintuitive experiments, as that discussed in Madrid I
(Madrid I 173 v,c. 1493-7), where Leonardo putted a series of blocks using two different orientation, as shown in
Figure 3, demonstrating that friction is independent on contact area.
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Figure 3 Leonardo’s sketch showing a series of blocks in two orientations

Students show often astonishment on this counterintuitive behavior, since they suppose that friction is higher in
the case of blocks putted in series in the horizontal way than in vertical way. In order to provide to them an
explanation, with reference to Figure 3 it is possible to observe that:

- pressure is expressed by P=R/S | where S corresponds to the “apparent contact area”

- at the “true contact area” T pressure is higher than P, due to the smaller contact areas

- the number of the welding areas generated by T is proportional to S

- the extension of the single contact areas is proportional to pressure P and hence the “effective contact total
surface” E=S*T depends only on R.
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The pendulum studies play a crucial role in the development of science, as exemplified by conservation laws,
collision laws, gravity acceleration g, earth shape and Newton’s terrestrial and celestial mechanics. The historian
Richard Westfall remarked that ‘without the pendulum, there would be no Principia” (Westfall, 1990, p. 59).

The pendulum role in physics education is also fundamental, since pendulum is one of the most discussed topic in
both theoretical and experimental physics courses. In Fig. 4 the Leonardo’s sketch describing natural oscillations
of a pendulum is reproduced, pointing out an apparent contradiction with real pendulum, due to the distinction of
Leonardo between “natural motion” and accidental motion™: “L’impulso trasporta I’oggetto che si muove al di 1a
della sua posizione naturale. Ogni movimento ha una lunghezza definita secondo la potenza che lo muove, e basati
su questo per stabilire la tua regola. Ogni oggetto che si muove che acquisisce della velocita nell’atto di muoversi,
¢ mosso dal suo movimento naturale, e cosi, inversamente, quando la perde, si muove di movimento accidentale.”
(Forster I 141 v.). Such approach could be very useful for students, who would learn to study the pendulum motion
as “a decaying oscillating bob rather than an isochronal device” (Galili, 2016, p. 115).

In Fig. 4 the dissipation of energy during oscillations is also described by Leonardo, drawing a decreasing arc
described by these oscillations: “The smaller the natural motion of a suspended weight, the more the following
accidental motion will be equal in length”. With this discovery he anticipated the theoretical formulations of
Galileo (Naylor, 1974, p. 23) and the practical applications to the development of pendulum clocks by about a

century and a half.
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Figure 4 Sketch of natural oscillations.

It should be observed that Galileo was primarily interested in the laws of Nature, highlighting, in spite of its
complexity, the regularity of the analyzed events; in the specific case of the bodies fall, or of the inclined plane,
the most important adopted shrewdness was that to limit his observation to relatively massive bodies: under such
circumstances the fall is independent on the falling body’s volume, shape and construction material. In conclusion,
in addition to the small-angle simple-pendulum formula commonly exhibited to first-year students, which
represents a limit case of a much wider range of real world behavior, a series of educational measurements based
on the Leonardo pendulum drawings and experiments extended to large amplitudes and large masses would be a
valuable analysis of such milestone for the physics education.

Conclusions

In the early years Leonardo only produced the De divina proportione, while during the last part of his life spent in
France, invited in 1516 by the king of France Francis I to Amboise located near Tours, he had not enough time to
take care of the organization and publication of the scientific contents found in his manuscripts, as it was probably
in his intentions. The generous king Francis I, who informed of the Leonardo death rushed to Amboise from Paris,
inherited the Mona Lisa, while the Leonardo’s manuscripts were assigned to Melzi. Although the corpus of the
Leonardo’s notes has been spread, by a structured analysis of the Leonardo work addressed to the method for
investigating and understanding nature, as the one proposed in this paper, an innovative educational method can
be identified: we pointed out that a 500 years old approach to the science can help the 21st century science students.

References

Amontons, G. (1699). De la Resistance Causée dans les Machines, Paris, Memoires de I’ Academie Royale.
Bacon, F. (1870). The Works of Francis Bacon, London, Ellis R. L. and Speeding J. eds., Longmans and Co..
Capra, F. (2013). Learning from Leonardo — Decoding the Notebooks of a Genius, Berret-Koehler Publishers Inc.,
San Francesco, A BK Current Book.

Coulomb, C. A. (1785). Théorie des machines simples, Collection des Mémoires de I’Académie des Sciences de
Paris, 10.

Cross, B. (1991). Scientific Method Revisited, Journal of Science Teacher Education, 83.

Drake, S. (1975), Galileo’s New Science of Motion, in Reason, Experiment, and Mysticism in the Scientific
Revolution, edited by Righini Bonelli M. L. and Shea W. R., Science History Publications, New York.

10



1P-}]'E"]:“ The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

Thu Turkiuxh O ine
of Edlsatianal T

Durham F. & Purrington R.D eds., Some Truer Method. Reflections on the Heritage of Newton, Columbia
University Press, New York, 59.

Feibleman, J. K. (1972). Scientific method, Martinus Nijhoff, The Hague, Netherlands, 1DOI: 10.1007/978-94-
010-2758-8

Galili, I. (2016). From Comparison Between Scientists to Gaining Cultural Scientific Knowledge Leonardo and
Galileo Sci & Educ 25. DOI 10.1007/s11191-015-9785-3.

Geymonat, L. (1977). Storia del pensiero filosofico e scientifico, 11, Garzanti.

Geymonat L. (1981). Galileo Galilei, Edizioni Einaudi.

Gilbert, N. W. (1960). Renaissance Concepts of Method, New York, Columbia Univ. Press.

Jardine, N. (1976). Galileo’s Road to Truth and the Demonstrative Regress, Studies in History and Philosophy of
Science 7

Kemp, M. (2006). Leonardo da Vinci — The Marvellous Works of Nature and Man, Oxford University Press.
Kemp, M. (2011). Leonardo da Vinci, experience, experiment and design, London, Victoria and Albert Museum.
Koertge, N. (1977). Galileo and the Accidents, Journal of the History of Ideas 38.

Lovell, W. (1978). Galileo’s Scientific Method: A Reexamination, in: Butts R.E., Pitt J.C. (eds) New Perspectives
on Galileo. The University of Western Ontario Series in Philosophy of Science, 14, Springer, Dordrecht.
Marinoni A., (1982). La matematica di Leonardo da Vinci. Milano: Philips-Arcadia.

Morin, A. (1833). New friction experiments carried out at Metz in 1831-1833, Proc. French Roy. Acad. Sci., 4.
Naylor R. H. (1974). Galileo’s Simple Pendulum, Physics 16.

Naylor, R. H. (1976). Galileo: Real Experiment and Didactic Demonstration, Isis 67.

O’Connor J. J., Robertson E. F., (2015). Luca Pacioli, School of Mathematics and Statistics, University of St
Andrews.

Pedretti, C. (2003). The critical fortune of Leonardo’s drawings, in Leonardo da Vinci master draftsman. New
York: Metropolitan Museum of art.

Redish, E.F., Saul J.M, Steinberg R.N. (1998). Student expectations in introductory physics. American Journal of
Physics 66, 212.

Redfors, A., Ryder, J. (2001). University physics students’ use of models in explanations of phenomena involving
interaction between metals and electromagnetic radiation, International Journal of Science Education 23, pp.
1283-1302.

Sholarin M. A., Wogu 1. A. P., Omole F., Agoha B. E. (2015). Man is the Measure of All Things: A Critical
Analysis of the Sophist Conception of Man, Research on Humanities and Social Sciences, 5.

Snow, C. P. (1959). The Two Cultures. London: Cambridge University Press. ISBN 0-521-45730-0

Suppe, F. (1977). The Structure of Scientific Theories, 2nd ed., Urbana, University of Illinois Press.

Westfall R.S. (1990), Making a World of Precision: Newton and the Construction of a Quantitative Physics, in
Redfors A., Holgersson, 1. (2006). Student teachers explanations of everyday phenomena and use of models in
physics. Paper presented at AERA 87th Annual Meeting.

Whiting, R. (1992). Leonardo.: a portrait of the Renaissance man. London: Barrie & Jenkins.

Wigner E. P. (1960), The unreasonable effectiveness of mathematics in the natural sciences. Richard Courant
lecture in mathematical sciences delivered at New York University, May 11, 1959. Communications on Pure and
Applied Mathematics, 13.

11



TCHET

The Turk uh Snjrw &
of Ealzalianal T2arm

urnul
Siogy

Level Of Satisfaction With The Strategy Of Scientific Research In A Faculty Of The
National University Of Chimborazo, Ecuador

Yosbanys Roque HERRERA
Universidad Nacional de Chimborazo, Riobamba, Ecuador
yroque@unach.edu.ec

Santiago Alonso GARCIA
Universidad de Sevilla, Sevilla, Espaifia

sag(@us.es

Uvaldo Recino PINEDA
Universidad Nacional de Educacion, Azuay, Ecuador
uvaldo.recino@unae.edu.ec

Julia Raina Fetima Sevy-BILOON
Universidad Nacional de Educacion, Azuay, Ecuador
julia.sevy@unae.edu.ec

Abstract

Scientific research is one of the three substantive functions attributed to the university. Its adequate instrumentation
allows the achievement of the objectives of the training processes in Higher Education. Objective: to determine the
level of satisfaction of the professors involved in the implementation of a scientific research and technological
innovation strategy in the Faculty of Education, Humanities and Technologies of the National University of
Chimborazo, Ecuador, February 2014-February 2015. Method: a quasi-experimental study with a mixed approach.
Professors linked to research projects constituted population. The techniques of survey, interview, participatory
observation, self-report and focus group were applied to researcher professors. The designed questionnaire was
validated using the Delphi method. The individual and group satisfaction were established through the Iadov technique.
The data obtained were processed using descriptive statistics. Results: the diagnosis showed that 85.30% of the sample
did not have scientific publications, although 82.35% had fourth level degree and experience as a graduate and
postgraduate tutor. The preparation of a SWOT matrix made possible to design the respective strategy and its
subsequent application based on the triangulation of the data obtained in the different technique. Conclusions: The
reorientation of the research process in that academic environment enabled the increase of the scientific production of
the professor staff. The group satisfaction index of the participants was established in the “satisfactory” category.
Key words: Research strategy, individual and group satisfaction, Higher Education, scientific production, training
process.

Introduction

Throughout the last decades there has been an explosion of scientific and technological knowledge, which manifests
itself visibly through the wide range of new products and services. Every day, the most developed countries and the
most powerful companies exponentially increase their investment in areas of interest for their research policies (Solis-
Rios, Moreno-Loera, & Figueroa-Gonzalez, 2012).

The scientific investigation constitutes one of the three substantive functions that are attributed to the contemporary
university. This intervenes decisively in the formation and generation of new knowledge in the students, as well as the
solution of pressing problems of the socio-economic and natural environment (Mur-Villar, Casanova-Gonzélez,
Iglesias-Ledn, & Cortés-Cortés, 2014; Hamodi, Lopez-Pastor, & Lopez-Pastor, 2015; Gutiérrez-Hernandez, Herrera-
Cordova, Bernabé, & Hernandez-Mosqueda, 2016).

In relation to the above information, the institutional scientific policy in higher education plays an important role in
the training process. Being that the scientific productivity of the stakeholders is one of the fundamental indicators of
proper implementation (Larran & Andrades, 2015).

Authors such as Moreno, Molina and Chacon (2014) recognize the investigative pedagogical style as one of the ways
in which teachers and students interact during the teaching-learning process. It is oriented to the identification and
solution of problems typical of the profession from a complex and interdisciplinary view.

According to Abello and Prado (2014), strategies aimed at increasing university scientific activity represents an
appropriate form of management in higher educational institutions. The challenge of functioning lies in the
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establishment of academic and administrative structures for the development of research projects that have a
constructive impact on the formation and development of knowledge, as well as in society.

In response to the positivist criteria of professor Rojas Ochoa (2013), scientific publications are one of the fundamental
indicators for measuring the results of research activity at the individual and institutional levels. From a constructivist
position, the author defends that the investigation forms part of the pedagogical work of the teacher, in his dialectic
search for the development of autonomy in learners.

When referring to research strategies, Correa Iglesias (2011) affirms that these constitute an efficient way of
organizing, directing and promoting cognitive processes. This author does not disagree on the legitimacy of this
resource for planning scientific policy in higher education institutions. However, it emphasizes and warns that science
should be the path to its construction, during which all the variables inherent to this phenomenon in the corresponding
educational context should be considered.

From a critical examination of the work "The method" by Edgar Morin, the French sociologist explains that for the
construction of research strategies, it is necessary to contemplate the conceptual and etymological differences between
the epistemological and the methodological, while considering the complementarity of these elements when
constructing science (Correa Iglesias, 2011).

During the development of research strategies, the creation of project teams is crucial, and the composition should
consider the integration of new with more experienced staff. The socialization, coexistence, interaction and group
study allow to deepen the theoretical body that is the basis of the investigative process which increases efficiency,
facilitates identification of adequate methodologies for the resolution of problems and solidifies the integration and
development in the scientific community. The adequate management of human resources guarantees the exponential
increase of individual and institutional scientific production, as well as the academic success of universities (Goémez
& Menares, 2014).

All the above leads to the positioning that strategic planning of the research processes in the 21st century university,
constitutes an essential tool for professional training in higher education.

In 2013, the National University of Chimborazo was the object of an evaluation and accreditation process. It yielded
a series of shortcomings in the processes inherent to scientific research, which were reflected in indicators of
fundamental productivity and planning. For this reason, a research team was given the task of designing a strategy to
reverse this situation in the faculty of Education, Humanities and Technologies proposing the following scientific
problem:

What level of satisfaction did the teachers involved in the implementation of a strategy enhancing the process of
scientific research and technological innovation in the Faculty of Education, Humanities and Technologies in the
National University of Chimborazo have in the period of February 2014 to February 2015?

Methods

A study was conducted with a mixed methods approach, of a quasi-experimental nature, with the purpose of

determining the level of satisfaction of the teachers involved in the implementation of a scientific research strategy

and technological innovation in the Faculty of Education, Humanities and Technology Sciences in the National

University of Chimborazo, Ecuador, during the period of February 2014 - February 2015.

The population was made up of 57 professors linked to research projects that were developed in the background study,

which was a non-probabilistic sampling of an intentional type. It was carried out based on criteria that allowed for the

selection of 34 individuals, who fulfilled the following:

Inclusion criteria:

* Those with tenure or are full-time employees.

* Those who expressed their agreement to participate in the research.

Exclusion criteria:

* Less than one year of experience in teaching in higher education.

* Teachers whose academic distributives did not include hours dedicated for research activities.

The research tasks were organized following the work scheme shown below:

1. Diagnosis of the factors that intervene in the research activity in the context studied.

2. Identification of the specific problems to be solved, in addition to the respective approach of the objectives that
were required to be reached to give the corresponding solution.

3. Design and application of a scientific research and technological innovation strategy in the Faculty of Education,
Humanities and Technologies, at the National University of Chimborazo, Ecuador.

4. Evaluation of the degree of satisfaction of the teachers involved in the study sample.

The data observed to establish the diagnosis of the existing situation with respect to the phenomenon studied, were

collected using the techniques described below:
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e Survey: applied to teachers with a workload that includes research who are members of scientific project groups,
to clarify the fundamental difficulties and insufficiencies, as well as to corroborate the data of interest collected
through the revision of documents.

e Interview: for the institutional managers at the major and faculty level, with the purpose of verifying the
institutional interests and their vision about the progress and results of the research and technological innovation
process.

e Participatory observation: through visits made to work sessions in the different project groups.

e Self-report: it was applied to research project team directors about the progress of research and to carry out
research work to perfect the process through the joint search of possible solutions.

e Triangulation of sources: it was used in the analysis of the data obtained through content analysis, observation,
survey, questionnaire, interviews.

e Focus group: it was carried out with the managers of the training process at the faculty level to identify the
fundamental problems and the possible ways to solve them.

e The questionnaire used was validated through expert criteria, which was the Torgerson scale model which was
used and developed from the Thurstone model to determine limits. This procedure constitutes a modification of
the Delphi method proposed by Campistrous and Rizo (2006).

The processing of the values of the limits was done through these formulas:

Xk = (tk — mi)

1 n
= ink
ni

m-1 n lml
m= LSS IS
)kll— z:l

Significance:
Xik = The probability pik.
Tk = The upper limit of the kth category.
= The i-th indicator.
Pik = Probability that the i-th indicator is in the kth category.
The group of experts who participated in the validation process of the questionnaire, was made up of seven professors
with a Ph. D. degree, in the areas of knowledge corresponding to education and pedagogy, with more than 20 years of
experience in university teaching and extensive experience in research, expressed through scientific publications and
participation in projects. Therefore, based on the above information the coefficient of individual competence obtained
ranged between 0.83 and 0.93, which placed all the members in the high-level category.
The established scale was made up of five categories:
*  Very suitable (C1)
*  Fairly adequate (C2)
*  Adequate (C3)
*  Not very adequate (C4)
* Inadequate (C5)
The following indicators were evaluated during the validation procedure of the applied questionnaire:
Internal consistency of the questionnaire.
Correspondence with the research objective.
Relevance of the questions.
Ability to obtain the data of the variables of interest.
Direct relationship with the object and field of study in which it was entered.
The results of the validation process of the instrument yielded the results shown below:

Al
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Table 1. Absolute frequency matrix for the evaluation of the instrument
Categories

Indicators c1 C2 C3 C4 C5  Total
1 4 2 1 - - 7
> 5 1 1 - - 7
3 3 2 2 - - 7
4 5 1 1 - - 7
5 4 1 2 - - 7

Source: instrument for validation of questionnaire.

Table 2. Matrix of accumulated relative frequencies for the evaluation of the instrument

Indicatorss Categories
C1 C2 C3 C4 C5
1 0,57 0,86 1,00 1,00 1,00
2 0,71 0,86 1,00 1,00 1,00
3 0,43 0,71 1,00 1,00 1,00
4 0,71 0,86 1,00 1,00 1,00

5 0,57 0,71 1,00 1,00 1,00
Source: instrument for validation of questionnaire.

Table 3. Abscissa value matrix for the instrument of evaluation

Indicators Categories Sum Average Range
C1 C2

1 0,18 1,07 1,25 0,62 -0,06
2 0,57 1,07 1,63 0,82 -0,25
3 -0,18 0,57 0,39 0,19 0,37
4 0,57 1,07 1,63 0,82 -0,25
5 0,18 0,57 0,75 0,37 0,19
Sum 1,31 4,33 5,65 -- --
Limits 0,26 0,87 1,13 0,56 --

Source: instrument for validation of questionnaire.

The analysis of the distribution of the indicators (table 3) allowed them to be framed in the given category. This was
done according to the following criteria:

Category 1 (very appropriate) included those indicators with scale values less than or equal to 0.26. Category 2 (quite
adequate) includes those greater than 0.26 and less than or equal to 0.87 and Category 3 (adequate) includes those
greater than 0.87. So, only indicator 3 was in the category of quite adequate and the rest in the category of very
adequate. Once the questionnaire was applied, the respective strategy was designed and applied where the level of
satisfaction among the population studied was assessed using the ladov technique (Fernandez de Castro-Fabre &
Lopez-Padron, 2014).

Individual satisfaction was established through the application of the respective instrument adjusted to the
characteristics of the context studied. It consisted of nine questions, whose relationship ignores the subject of the
research sample. The scale used was established by the author of the technique mentioned in the following way:
Clear satisfaction.

More satisfied than dissatisfied.

Not defined.

More dissatisfied than satisfied.

Clear dissatisfaction.

. Inconsistent.

In the same way, this technique allowed the group to obtain a satisfaction index (ISG), which can obtain values that
range between +1 and -1.

Qs W~
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ISG=A-1+B =05+ C{0)+D(-05)+E(-1)
N
Where N is the size of the sample, while A, B, C, D and E represent the number of subjects with a certain category of
individual satisfaction, as shown below:
A: with clear satisfaction
B: more satisfied than dissatisfied
C: not defined or contradictory
D: more dissatisfied than satisfied
E: clear dissatisfaction
The ISG can yield values between +1 and -1 and if they are between -1 and -0.5 this indicates dissatisfaction. While
between -0.49 and +0.49 would be a contradiction and between 0.5 and 1 is satisfaction.
The researchers considered the principles of the ethics of scientific research, respecting the self-determination of the
subjects involved in the study sample, as well as obtaining the necessary authorizations on the part of the authorities
of the Faculty of Sciences of Education, Humanity and Technologies of the National University of Chimborazo.

Results

At the time of diagnosis, the Faculty of Education, Humanities and Technologies at the National University of
Chimborazo, Ecuador had 57 teachers with assigned research hours. 18 of them were tenured and the rest had a fulltime
contract.

40 professors participated in the guiding methodological activity where the instrument was applied with assigned hours
for the realization of scientific research processes, within the respective distributive of teaching hours. 34 responded
and delivered the questionnaire used. Those who responded consisted of 9 tenured professors and 25 professors with
fulltime contracts.

The experience for the realization of any human activity is of the utmost importance and teaching at the university
level is not foreign to this principle. The requirement of rigorous research activity for teachers at this level, make them
gain the necessary skills to carry out and direct these processes. In the studied sample individuals prevailed who
declared to have teaching experience in higher education from between one and five years at 67.65%.

At the time of the diagnosis, 82.35% of the teachers observed had a master's degree or Doctor of Science and the rest
were attending degree programs. Elements from an academic point of view, constitute a strength for the teaching-
learning process due to the educational level of scientific preparation of the faculty. Paradoxically, many of the teachers
surveyed declared that they lacked experience in scientific publication. 85.30% of these did not have a record of articles
in indexed scientific journals in recognized databases.

The results obtained during the research process showed a contradiction between bibliometric production levels and
the training achieved by most respondents. In this regard, the authors of the research presented consider that the stages
of planning, realization, presentation and defense of the results of the investigative processes, constitute moments
inherent to the formation at the university level. However, this not guarantee in their entirety the acquisition of
competences related to scientific-academic publication, so that graduates can socialize their results in scientific media,
recognized in their respective areas of knowledge.

In relation to the study of the variable "thesis tutorial", it was apparent that about half of the teachers in the study
participated in this function in pre and / or postgraduate training at some point. In line with what was stated by the
authors in the previous paragraph, the respondents do not have publications resulting from this work and declare
difficulties in relation to the research experience, an aspect that would merit establishing a strategy in this regard.
97.06% of respondents reported completing at least one formative scientific research with their students. An analytical
look at the results achieved in this study reveals a paradox between this data and the low reports of research results
published by the teachers who made up the sample. This is a phenomenon that could be related to an insufficient use
of the final reports of the completed research.

It is necessary that the studied sample consider that it needs to overcome the problems identified in methodology and
scientific writing in terms of scientific research. This is of great importance, since the problems that are identified at
this time are closer to being solved.

In the context studied, the key informants presented difficulties for carrying out methodological work in the academic
groups, which could have repercussions on the results of the scientific production of the professionals who made up
the study sample.

The results of the applied instruments allowed for the identification of insufficiencies in the formation of the individuals
that participated in the study, in subjects related to the implementation and conduction of the scientific processes.
Among these observed were:
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Preparation of research projects, with an emphasis on the use of the logical framework methodology.

Establishment of the theoretical methodological foundations that sustain a scientific process.

Methods and techniques for data collection, analysis and processing.

Planning and statistical processing of the data resulting from the application of the different instruments.

Communication of the partial and final research results, through the writing of scientific articles, books,

participation in congresses, among others.

e Conformation of the final report of the research process with an adequate use international standard of writing and
bibliographic reference.

When analyzing the need and feasibility of establishing a strategy aimed at reorienting the technical direction for the

conduction and development of scientific research in that faculty, the entire sample responded affirmatively.

The design and execution of the strategy presented was carried out from the previous position. The analysis of the data

obtained from the application of the instruments applied to the sample and key informants provided criteria that allowed

discerning weaknesses, opportunities, strengths and threats (WOST), whose aspects are shown below:

Weaknesses: insufficient

e Experience and preparation of faculty teachers to carry out the investigative process with the required rigor.

e  Scientific production of the teachers that made up the sample.

e Number of physical spaces to develop the team activities.

e Development and use of science spaces and scientific-professional knowledge management activities (workshops,
scientific conferences, congresses, etc.), in which the scientific projections and the results of the research processes
are debated, allowing for shared experiences and for contributing to the execution of projects with greater
efficiency and effectiveness.

¢ Implementation of didactic methods, which limits the development of formative research.

e Agility in carrying out procedures to authorize investigative processes.

e  Stability of the teaching staff, predominance of hired teachers that hinders the successful completion of some
research processes as well as the preparation and training of new researchers. In addition, this contributes to the
disintegration of work or research teams.

e Bibliographic availability on research methodology in the library in the context studied.

e Number of interinstitutional agreements with the public and private sector in search of external financing, which
allows for the development of investigative processes to solve the identified needs.

e Little accompaniment of students in research projects and teaching teams.

Opportunities:

e Institutional calls for competitive financial funds for the development of research projects.

e Recently vacated buildings in the faculty's teacher buildings that augur more physical space for work in the
teaching research groups.

e Postgraduate courses related to the area of scientific research that not only enhance the preparation, but also
constitute spurs to perform the different prospective stages of the project.

e Redesign of the curriculum for the different majors of the faculty, which offer a virgin field for research in this

context.
o Institutionalization of research as the axis of the students' training process.
Strengths:

e  Provision of teachers to work for their self-improvement, to gain experiences and enhance research activity.

Projection of the institutional policy to strengthen research.

Reorganization of the research activity in the Faculty.

Teachers with greater experience in research and willingness to collaborate with the project teams created.

Teachers linked to training processes such as Doctors of Science in branches of knowledge directly linked to the

areas of training inherent to the academic unit under study.

Threats:

e Budget cuts.

e Possibility of evaluative processes external to the majors.

e Difficulties in the research processes with the participation of external entities.

e Diluted waiting processes for merit and opposition competitions that allows occasional teachers who are part of
teams of research projects to opt for tenure.

In response to the results of the diagnosis of the research presented, the following strategic objectives were established:

e Implement training programs in scientific research and communication methodology.
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e  Plan the research activities in the short and medium term, as well as the possible results.

e Develop a plan for the execution of research projects that require low financial and material resources to achieve
their objectives.

e Establish advisors and accompaniment to teachers with a research workload.

e  Assess the results of the research activities individually, by project teams and at the faculty level.

At the end of the first year of application of the strategy resulting from the study presented, it could be observed that

following the planned schedule, the researchers applied the ladov technique (described in the "Methods" section). This

allowed for determining the degree of individual and collective satisfaction of the individuals included in the sample,

with respect to the actions carried out as part of the said strategic procedure.

The degree of individual satisfaction was established by placing the answers to questions 1, 5 and 8 of the respective

instrument in the logical table of V. A. Iadov.

Table 4. Level of individual satisfaction

Satisfaction of level Number %
Clear satisfaction 14 41,18
More satisfied tan unsatisfied 14 41,18
Not defined 5 14,70
Contradictory 1 2,94
Total 34 100,00

Source: Satisfaction Survey.

The individual values allowed to calculate the ISG.
A(+1) + B(+0,5) + C(0) + D(—0,5) + E(—1)

ISG =
N
14(+1) + 14(40,5) + 6(0) 4+ 0(=0,5) + 0(—1)
ISG =
34
15(;—14”—0 62
T 34 7

The value of the LIS obtained (0.62) established in the range between 0.5 and 1, so it could be concluded that this was
established as satisfactory among the population studied with respect to the research strategy carried out in the context
studied.

Discussion

Researchers like Gonzalez-Puerto, Diaz-Diaz, Alvarado-Peruyero and Maceira-Brito (2013), conducted an analysis of
the importance of adequate planning for the availability of human resources to achieve significant scientific
productivity. This was highlighting the role of effective collaboration between the components of the science and
technology system.

The authors of the research titled proposal of a strategy for the development of the research activity, suggest that the
consolidation of an experienced teaching staff by the institutions of higher education constitutes an important strength
in the fulfillment of the substantive functions of the university of the 21st century. (Saavedra, Salas, Barbe & Leyva,
2007). Regarding the amount of experience for the teachers in their study context, the results obtained were similar to
those observed in the present investigation.

The professors that formed the study sample showed a curricular formation at the university and masters level
according to the subjects that they taught. For this aspect, Saavedra-Roche, Lopez-Salas, Barbe-Agramonte and Leyva-
Barcelo (2007), refers to the importance of the teaching staff having a professional formation related to the area of
knowledge in which they coordinate their training research activity.

In correspondence with the observed reality, Arnoux, Borsinger, Carlino, Di Stefano, Pereira and Silvestre (2005)
states that the processes of training for masters’ programs should work on developing the necessary skills for scientific
writing. This will allow the graduates to achieve better productive levels, as well as enriching the heritage of human
knowledge in their respective areas of knowledge.

Ageno (1992) argues that the fairness of a degree or postgraduate board of examiners in their decision, depends largely
on the scientific-academic experience in the area that performs as the evaluator. On the other hand, Segredo-Pérez,
Reyes-Miranda, Quintana-Galende, Diaz-Lemus, Garcia-Hernandez and Diaz-Hernandez (2017) establishes the
potential of postgraduate programs with respect to the scientific policy of higher education institutions, in terms of
training human resources, generating projects and producing articles.
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The development of research skills in university students comes from the teachers’ activities in the different subjects,
which must be based on the use of problem based teaching by involving the use of the scientific method to reach a
solution. The teacher must possess sufficient research, methodological and pedagogical skills to achieve developed
and pertinent thinking students (Blanco-Balbeito, Roque-Herrera, Betancourt-Roque, & Ugarte-Martinez, 2013).
Low scientific production is not exclusive to the academic environment in which the research presented and developed.
In this regard, the data offered by Carpio-Pérez, Momplet-Pérez, Plasencia-Iglesias, San Gabino-Paredes, Canto-Darias
and Pérez-Castillo (2016) show a similar situation, considering these indicators: "publications", "participation in
scientific-academic events" and "projects registered in science and technology plans".

The recognition of the individual and collective weaknesses related to the investigative skills on the part of the sample
under study, constituted an important starting point within the designed strategy. Rubio (2014) states that the
improvement of scientific-academic activity should be based on the Socratic principle, that the fact of being aware of
our own ignorance before the universe of possible knowledge, makes us eternal seekers of the truth.

In relation to the difficulties of the methodological work of the teaching collectives, Carpio Pérez et al. (2016) indicated
that this activity should be conceived to strengthen the formative and research processes in higher education.

During the implementation of a doctoral training strategy at a medical university, researchers Pérez-Diaz, Véliz and
Lorenzo-Rodriguez (2015) determined that the completion of a WOST matrix is a feasible and reliable methodological
tool to establish an accurate diagnosis with a view on institutional strategic planning. Researchers such as Salas Perea
(2000) recognize that the quality of compliance with the substantive functions of the university is related to the strategic
planning of the processes linked to these actions which must be contextualized to each academic reality (Abello-Llanos
& Pardo-Sanchez, 2014).

Sepulveda-Alzate and Fernandez-Morales (2017) establish that one of the ways to measure the effectiveness of
academic strategies in higher education is the determination of the level of satisfaction of the beneficiaries. These
authors applied the Iadov technique in their training environment for this purpose and obtained results consistent with
what had been conceived in the research process.

Conclusions

e  The triangulation of the data obtained through the different techniques used allowed for establishing the elements
that formed the WOST matrix. This served as a starting point for the design of the research strategy and the
execution of technological innovation.

e The reorientation of the research process in the academic environment enabled the increase for scientific
production of the teaching staff. The teachers involved in the investigation considered the actions carried out as a
need to reverse the diagnosed situation.

e The application of the Iadov technique allowed to establish a group satisfaction index from the members of the
sample under study in the "satisfactory" category.
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Abstract

This paper focuses on an analysis of particular English words that are used in ELT in Slovak primary education
(ISCED 1 and 2). A study, conducted in March-May 2018, was aimed at finding out correlations between the
reference levels of selected words taught at two proficiency levels (CEFR A1l and A2) in Slovak primary schools
and those officially presented in the English dictionary. Several words were judged by Slovak language learners
and their judgements were compared with the labels in the dictionary. Course books used in English class are
considered compulsory material by many teachers, therefore it is expected that learners’ judgements will be
affected by the reference levels assigned to the course books. The results achieved in the survey will be presented,
discussed and commented on with intent to support the development of teaching materials that will provide learners
with words that they are expected to master at their levels.

Introduction

The official edition of the Common European Framework of Reference for Languages: Learning, teaching,
assessment (Council of Europe, 2001) was followed by an intense discussion about a new reference framework as
some applied linguists considered its scales and particular descriptors due to their wording rather inconsistent.
However, the exploitation of the framework as such has proved that it is well-founded, being based on the concepts
that enrich communicative approaches. After approximately 20 years of its use its impact is recognizable in many
national language curricula not only in Europe, but beyond its borders, for example, in Canada (Piccardo, 2014).
The concepts that significantly affected the document entail an action-oriented approach, viewing a language
learner/user as a social agent who uses target languages for their needs in real-life situations. The CEFR’s action-
oriented approach represents a shift from structural syllabi towards syllabi based on needs analysis, focusing on
language learners and development of their abilities to be efficient in using the language in real-life tasks, and
constructed around purposefully selected notions and functions. A learner-centered approach prevails over a
traditional approach that emphasizes a teacher and his/her roles in teaching processes such as viewing him/her as
a conductor or an orchestra leader who authoritatively controls learners’ behavior in the target language. A learner-
centered approach views the teacher as a co-partner of learners in their learning process, giving learners an
opportunity to work on negotiating meaning. Both the CEFR descriptive scheme and the action-oriented approach
put the co-construction of meaning at the center of the learning process.

The CEFR presents communicative language competence as a set of competences such as linguistic, socio-
linguistic and pragmatic combined with general competences entailing intercultural, strategic and existential
competences. Four modes of communication (reception, production, interaction and mediation) replace a
traditional classification of communicative language skills (listening, reading, speaking and writing).

These new concepts have attracted language professionals who either incorporate them into national
documentation related to language teaching and testing, or directly try to link their language documentation to the
CEFR. Linking is a complex process and is based on validation of the claims that requires rigorous and long-term
team work. These national efforts stimulated international printing houses that have launched sets of course books
labelled by six or even nine reference levels (A1, A2, B1, B2, C1 and C2, additionally completed by A2+, B1+
and B2+). International testing centers started to design language examinations and tests, labelling them in the
same way. This labelling has exceeded its former intention as 6 reference and 3 plus levels, thoroughly described
in the framework, completed by illustrative samples were to define particular language competences learners
and/or users of target languages need to be aware of from various reasons such as being properly placed in the
language course, assessing their own level of proficiency while applying for a new job or being admitted to foreign
universities. The reason the CEFR includes so many descriptor scales is to encourage language learners/users to
develop differentiated profiles as it reflects real-life situations in which people use target languages for different
purposes (North, 2014).

The CEFR has had practical impact on language teaching and testing and has become a valuable resource for
researchers, policy makers, test developers and teachers. The process of linking curricula and language
examinations has become challenging and inspiring for the countries in the whole of Europe. Extensive research
into vocabulary and grammatical patterns has been carried out as part of a collaborative project led by two
departments of the University of Cambridge: Cambridge University Press and Cambridge English Language
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Assessment, supported by the Council of Europe. This research based on a collection of several hundred thousand
examinations scripts written by learners from all over the world, combined with other materials such as course
books, etc. resulted in English Profile including two innovative online tools English Vocabulary Profile Online
and English Grammar Profile online. These databases give language educators free access to the finding on what
English vocabulary and grammar is suitable for teaching and testing at each CEFR level (www.englishprofile.org).

The Study

The Slovak Curricula for English are based on the CEFR and learners, their parents and teachers or any
stakeholders are transparently informed about learning outcomes expected at different levels of language
education, for example, Al in the fifth year of primary education, A2 in the ninth year of primary education
(ISCED 2), and B1 for secondary technical or vocational schools and B2 for secondary grammar school leavers at
the end of secondary education (ISCED 3). An exception to the rule is a group of those students who study at
bilingual schools or bilingual sections of secondary schools and are required to achieve C1 (ISCED 3). In our
context, English tends to be a foreign language most students choose for completing their foreign language
education as more than 80% out of the total number of applicants for final language examinations are students
who want to sit for one of the reference levels of external language examinations in English. While in school year
2016/2017, level C1 was chosen by 1,211 students out of 32,026 applicants for English tests, in the 2017/2018
school year, the total number of applicants for English was 36,376 out of which 1,579 students applied for C1 due
to their bilingual studies.

Due to its popularity, English has been taught as the first foreign language since 2013/2014 and in most primary
schools, young learners can start its learning from the very beginning despite the fact that it is obligatory from the
third year of primary education. This tendency required intensive training of other language teachers to become
English teachers, and a massive retraining process, launched in 2009, enabled primary school teachers to be
retrained and teach English to their own students in the junior cycle of primary school. Apart from language
acquisition, their five-year educational program included core subjects of the bachelor and master degree programs
originally designed for those students whose major is English at faculties of education.

This shift towards teaching English quite early (since year 1 of primary education) initiated changes in teaching
processes and methodologies that are relevant for young learners, for example, TPR, story-telling, drama activities,
using nursery rhymes, etc. These alternative methods were emphasized in pre-service and in-service teacher
training and required searching for proper teaching materials and experts who were ready to share their teaching
experience. The fundamental concepts related to teaching English to young learners provide deeper insights into
teaching those who have not mastered their mother tongue properly and recommend the steps necessary for
successful acquisition of a target language, for example, listening and speaking precede reading and writing,
vocabulary and grammar are presented in chunks, a large number of words are naturally learnt in their proper
contexts, etc.

As mentioned before, the CEFR has an intense impact on language education in Slovakia. Course books used for
teaching English are mostly those published in the United Kingdom, labelled by the reference levels. It inspired
us to find out to what extent vocabulary used in the course books labelled by reference levels and words practiced
in English class corresponds with information about which words and their meanings are used by learners at each
level of the CEFR presented in the English Vocabulary Profile (EVP). In our study, we assume that words Slovak
learners of English learn naturally in primary school do not correlate with reference levels assigned to words in
the EVP and will be judged as lower levels of the CEFR than they are labelled in the Cambridge Advanced Learners
Dictionary, based on the English Vocabulary Profile (EVP) with the recommendation that this information serves
for language learners which words they need to prioritise in their vocabulary learning. The EVP has also been
informed by the Cambridge English Corpus, a multi-billion word corpus of spoken and written current English.
The research sample contained 30 English words that were taken from the course books used in different years of
English learning (Appendix A). Students start learning English in year 3 and in year 9 they have been learning
English for 7 years. The words referring to our research were taken randomly. Table 1 shows an overview of the
years in which the students learned the selected words from the course books published in the UK and the number
of words taken from the research sample for an in-depth analysis.

Year 3 4 5 6 7 8
No of words 5 5 5 5 4 6

Table 1: The year of primary school and the number of words from the sample

The idea of presenting this overview is based on providing a clear picture that the words chosen for our research
are not the words that belong to additional vocabulary provided by teachers, but vocabulary that is prescribed by
English course books that officially claim to be compatible with the CEFR.

We addressed 28 students (19 females and 9 males) of the 8™ and 9™ year of primary education from one primary
school located in the countryside. The students at their age of 13-15 were given the list of words (Appendix B)
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and were asked to judge the CEFR level. Their judgement was supported by remembering them to take into account
at which year of education they have learned those words. Years 3-5 are meant to match A1 and years 6-8 are to
be linked to A2 as these are the two proficiency levels primary school students are expected to achieve in English.
Later, the students were asked to translate the given words as our intention was to obtain evidence about their
knowledge of the word.

Findings

The students’ judgements of the presented words were based on their personal experience, significantly influenced
by the year in which they were exposed to the word most frequently. From the respondents’ answers (Appendix
A), it is possible to conclude that only several students were not able to judge the given words. The most
problematic word seems to be the expression /Jetffuce, which students were expected to learn in year 6 when they
started to move from reference level A1 towards A2. This word has not been judged by 7 students and it is assigned
CEFR level B1 in the Cambridge Advanced Learners’ Dictionary (Mclntosh, 2013).

In Slovakia, reference level B1 is required to be achieved in either the second year of secondary grammar school
education or in the end of vocational education (4 years). Level B2 is an obligatory level for those who decided to
study at secondary grammar school and have to sit for an examination of one selected language. The table below
shows a distribution of selected words assigned 4 particular CEFR levels by the English Vocabulary Profile and
the Cambridge Advanced Learners’ Dictionary (Mclntosh, 2013).

CEFR levels Al A2 Bl
No of words 5 10 10

vs)
th‘-..'l

Table 2: CEFR levels assigned with selected words

While words such as lion, monkey, rabbit were naturally expected to be judged as words students would not have
any problems with, the words such as frog, shark, spider were also decidedly judged as Al by students who
considered them easy and their familiarization with them supported their definite decisions. They could acquire
their meanings from fairy-tales or films. Surprisingly, the CEFR level assigned to the latter words was B1.The
expression ftiger (B1 in the CALD) Slovak students learn in year 6 of their primary education was very easy for
them as the same word exists in the students’ mother tongue. On the other hand, words such as sore throat, bleed
and prescription were judged A2 and the learners became familiar with them only in year 7. These words are
assigned B1 and are frequently presented in the course books labelled that particular level. Six students did not
estimate the word prescription.

The word crocodile is assigned level B2 according to the CALD (Mclntosh, 2014), however, a very similar word
in Slovak ‘krokodil’ led students to estimate it suitable for level Al. Other B2 words (spot, treatment, x-ray and
infection) were judged A2 as students could come across them in years 7 and 8. The words are related to the topic
of health or medicine, which is usually dealt with later than more general topics such as family, everyday life and
situations, shopping, etc.

As far as translation is concerned, it is not important to comment on the words the translation of which was
achieved at 75%, which means the passkey for success was 21 correct answers. Only six words were significantly
translated wrongly or students decided not to translate them at all. The most difficult word for the students was the
word treatment (2 correct answers, 1 incorrect, 25 not answered). The word spot in the meaning of a small mark
or lump on a person’s skin was correctly translated by 4 students, while 9 wrong answers were completed by 15
empty answer sheets. Six students were not sure about estimating the word spot. While these two words are
assigned level B2 according the EVP and the CALD, two words assigned level B1 make some problems to students
as well. The word bleed was correctly translated by 9 students, 6 students translated it incorrectly and 13 students
left their answers out (Appendix C). The word prescription belongs to the words called paronyms (false friends)
as they have similar equivalents in Slovak but with different meaning. While prescription is translated into Slovak
as ‘recept’, English recipe has the same translation ‘recept’. So Slovak learners are frequently misled and use one
English word recipe for both Slovak meanings. 14 students avoided translating the English word prescription,
while 9 translations were correct and 5 incorrect.

This translation task was very useful as we could see that students had problems with some words and therefore
they judged their difficulty by estimating their reference level as A2. However, these words belong to higher
proficiency levels according to the English Vocabulary Profile and the Cambridge Advanced Learners’ Dictionary
(MclIntosh, 2013).

Conclusions

Our research was aimed at finding out whether the words that are officially assigned a particular CEFR level in
the EVP and the CALD are judged to be at the same levels by Slovak learners of English. It is obvious that learners’
judgements were influenced by their English course books and all the chosen words were estimated in the range
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between Al and A2 as all of them were presented in those course books. 15 out of 30 words chosen for this study
were assigned higher levels (10 B1 and 5 B2) according to the EVP and the CALD. Despite the fact that words
are assigned higher levels, A2 learners had some problems with certain words, for example, the word lettuce was
not translated by 11 students, which accounts about 39%. There is no any similarity with the Slovak expression
‘Salat’ and the students could not use any cues as the words were presented without context.

Despite the fact that the expression sore throat belongs to vocabulary recommended for B1 learners, it is presented
to Slovak students in primary schools when they are expected to achieve level A2. This expression seemed to be
quite difficult for them and was correctly translated by 19 students (67%). On the other hand, it is necessary to
emphasize that students had serious problems only with four words: two words assigned level B1 (bleed and
prescription) with 9 correct answers and two words assigned level B2 out of which the word spot was translated
correctly four times and the word freatment only two times. The most surprising word was the English word
injection used in Hutchinson’s Project 4 in year 8, expected to be used at CEFR level C2 by the EVP, we decided
to exclude this expression from our analysis.

The reasons for this research are based on our misgivings whether the words in any language might be assigned
reference levels. What we miss in the EVP is the concept that supports the idea of language similarities. Language
families play an important role in other language acquisition. If the mother tongue and a target language are from
the same language family, for example Romance languages, it seems to be easier for Spanish learners to acquire
Italian, mainly from the vocabulary perspective. On the other hand, it is significant to distinguish between passive
acquisition of language and an active use of it.

Finally, it is necessary to express our gratitude to those who participated in the word collection that was used in
the English Vocabulary Profile. Despite the fact that many words of the English formal lexicon are assigned C
levels not taking into account that many Indo-European languages use the same specific words in their native
languages and therefore they are not difficult for other speakers of languages than English (e.g. injection in English
and ‘injekcia’ in Slovak), the English Vocabulary Profile is an invaluable source for curriculum development,
course book writers, test developers, and last, but not least, teachers who wish to be guided which word or its
individual meaning to use while presenting and practicing new materials at a particular CEFR level.
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Appendix A
The list of course books analyzed for the purposes of this study:

Year 3
Bowen, M. & Hocking, L. (2009). English World 1. Pupil’s Book. London: Macmillan.
Bowen, M. & Hocking, L. (2009). English World 1. Workbook. London: Macmillan.

Year 4
Bowen, M. & Hocking, L. (2009). English World 2. Pupil’s Book. London: Macmillan.
Bowen, M. & Hocking, L. (2009). English World 2. Workbook. London: Macmillan.

Year 5
Hutchinson, T. (2008). Project 1. Student’s Book. Third edition. Oxford: Oxford University Press.
Hutchinson, T. (2008). Project 1. Workbook. Third edition. Oxford: Oxford University Press.

Year 6
Hutchinson, T. (2013). Project 2. Student’s Book. Fourth edition. Oxford: Oxford University Press.
Hutchinson, T. (2013). Project 2. Workbook. Fourth edition. Oxford: Oxford University Press.

Year 7
Hutchinson, T. (2013). Project 3. Student’s Book. Fourth edition. Oxford: Oxford University Press.
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Hutchinson, T. (2013). Project 3. Workbook. Fourth edition. Oxford: Oxford University Press.

Year 8

Hutchinson, T. (2014). Project 4. Student’s Book. Fourth edition. Oxford: Oxford University Press.

Hutchinson, T. (2014). Project 4. Workbook. Fourth edition. Oxford: Oxford University Press.

Appendix B
YEARS 3 — 5| YEARS 6 — 8 | NO YEAR OF
WORDS (A1) (A2) RESPONSE | STUDY CALD
1. apple 28 0 0 Year 3 Al
2. cat 28 0 0 Year 3 Al
3. sandwich 23 5 0 Year 4 Al
4, bread 23 5 0 Year 4 Al
5. horse 28 0 0 Year 5 Al
6. grape 21 7 0 Year 3 A2
7. lion 28 0 0 Year 4 A2
8. monkey 28 0 0 Year 4 A2
9. rat 24 4 0 Year 5 A2
10. | rabbit 28 0 0 Year 5 A2
11. | Kkitten 21 6 1 Year 3 Bl
12. | frog 28 0 0 Year 3 Bl
13. | shark 26 1 1 Year 4 Bl
14. | parrot 22 3 3 Year 5 Bl
15. | spider 28 0 0 Year 5 Bl
16. | yoghurt 24 4 0 Year 6 A2
17. | duck 27 1 0 Year 6 A2
18. | headache 2 26 0 Year 7 A2
19. | cold (n) 22 5 1 Year 7 A2
20. | temperature 4 21 3 Year 8 A2
21. | tiger 28 0 0 Year 6 Bl
22. | lettuce 9 12 7 Year 6 Bl
23. | sore throat 0 26 2 Year 7 Bl
24. | bleed 3 22 3 Year 8 Bl
25. | prescription 2 20 6 Year 8 Bl
26. | crocodile 28 0 0 Year 6 B2
27. | spot (on the skin) 3 19 6 Year 7 B2
28. | treatment 0 23 5 Year 8 B2
29. | x-ray 3 19 3 Year 8 B2
30. | infection 3 25 0 Year 8 B2
Appendix C
WORD SLOVAK RIGHT ANSWER WRONG ANSWER | NO ANSWER
TRANSLATION | (Number of | (Number of | (Number of
respondents) respondents) respondents)
apple jablko 28 0 0
cat macka 28 0 0
sandwich sendvi¢ 28 0 0
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bread chlieb 24 2 )
horse kon 28 0 0
grape hrozno 22 6 0
lion lev 28 0 0
monkey opica 26 2 0
rat potkan 26 1 1
rabbit zajac (kralik) 28 0 0
kitten maciatko 23 2 3
frog zaba 28 0 0
shark zralok 27 0 1
parrot papagaj 23 2 3
spider pavuk 28 0 0
yoghurt jogurt 28 0 0
duck kacica 28 0 0
headache bolest’ hlavy 21 1 6
cold (n) Iz)lrrencaliladnutie B ! °
temperature teplota 22 3 3
tiger tiger 28 0 0
lettuce Salat 16 1 11
sore throat bolest’ hrdla 19 1 8
bleed krvacat 9 6 13
prescription predpis / recept 9 5 14
crocodile krokodil 28 0 0
spot (on the skin) vyrazka 4 9 15
treatment lie¢ba 2 1 25
X-ray rontgen 21 5 2
infection infekcia 28 0 0
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Abstract

Local wisdom is closely related to survival skills of people which it was passed through generations to
generations. Local wisdom is also considered as learning of the local people from their environments which are
results on better quality of their lives. However, in the stream of the capitalism, young generation prefer leaving
their hometowns in order to switch way of their lives. So, this situation is a barrier of sustainable development
in community. Therefore, the local wisdom conservation should be restorative, particularly by the youths. From
these contexts, the study was aimed to 1) analyze curriculum development process 2) analyze contexts of
lifelong learning 3) analyze local wisdom conservation guidelines 4) develop lifelong learning program to
enhance local wisdom. The documentary analysis was used to be the research instrument. The findings founded
that on curriculum development process; 1) need analysis of community and learners; background, problems on
economy, society and environment 2) objective setting; expectation on learners’ behaviors 3) content Setting;
consistent to the objectives and learners needs 4) learning activities setting; appropriate activities selection in
order to fulfill the learning objectives 5) adoption; learning lesson plan and instructional media are adopted in
practice 6) evaluation in three aspects; content, adoption and results on learners (behaviors, achievements, and
characteristics). Results on lifelong learning concept analysis; 1) self-analysis, self-development and self-caring
on rapid social transition; new skills, knowledge, attitudes with morality 2) learning flexibility; learning
freedom to fulfill their need and blending to their lives 3) social responsibility; fulfillment to individual needs,
community needs as well as social needs. Results on local wisdom conservation concept analysis; 1)
understanding background and nature of each local wisdom 2) collecting data of the local wisdom, organize,
classify, analyze and publicize the wisdom 3) action research in specific local wisdom 4) acceptance and
encouragement local people on the value of their wisdoms 5) collaboration between public and private sectors
to initiate the network the people neglect to inherit their local wisdoms due to lack of understanding on their
local wisdoms’ worth. The program was developed by the needs and the satisfaction results on the program
were in highestlevel.

Introduction

New education challenges that countries in Asia and the Pacific are facing, in particular, in expanding
participation beyond both ends of basic education, namely early childhood care and education (ECCE) and post
basic education, including technical and vocational training and continuing education, and in focusing on
learning for the individual to acquire the skills and competences needed for life and work. (UNESCO, 2014)
Thus, lifelong education is used for successful development of many countries as well as the concept of
lifelong learning is brought to be an instrument for development people. However, Thai society currently
confronts with the unbalance of consuming resources of adult population which leads to be social problems.
Therefore, lifelong learning concept should be blended for delivering sustainable development. The training
courses or program are directly related to lifelong learning in order to encourage desired knowledge, skills and
attitudes in a specific period. Lifelong learning is a continuously supportive process which stimulates and
empowers individuals to acquire all the knowledge, values, skills and understanding they will require
throughout their lifetimes and to apply them with confidence, creativity and enjoyment, in all roles
circumstances, and environments (Watson 2003). In accordance with Sirichai Karnchanawasri (1995) which
proposed that training is an Education for human resource development under rapid shift situations, training
strengthen professional knowledge as well as skills based on their actual needs.

In each community, there are local wisdoms which refer to the knowledge of people or groups of people in one
place. It was from the ancestors or from experiences, analysis and use to apply to their lives (Kowit
Puangngam, 2010). The matter of using knowledge, skills, beliefs and behaviors represents a holistic
relationship among people and people with the environment including other activities which related to their
learning adaption as well as surviving of the person community and society. Therefore local wisdom is
important and lead to survive of the person in the social economic. Local wisdom also demonstrates the
ingenuity, creative thinking to make use of the environment and develop it for better quality and strong society
(Phatthavadee Udommonkul, 2002). Wisdom of fundamental living with the ability to find food, house
building, invention of fabric and sickness treatment helps the society peaceful (Kanokporn Chimphree,
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2012).Refer to the importance of local wisdom, Constitution of the Kingdom of Thailand 2007, the importance
of local wisdom is recognized. In Act 66, persons who are in a community have the right to preserve or restore
traditional wisdom, arts and cultures of the local community as well as participate in manage, maintain, and
utilize natural resources (Constitution of Thailand, 2015: Online). This shows that the conservation on cultural
and local wisdom could support self-reliant in the community. In accordance with Thai government policy on
local wisdom is consistent with the problem due to the current situations have to be solved, Thailand has
entered into globalization and the cultural and technological advancement of the country. Therefore, it may
presume that Thai society is currently under western wisdoms, capitalism, materialism and consumerism (Phra
Dharmakote Poyutto, 1996). Moreover, Thai people are lacking of understanding and do not appreciate on their
wisdoms.

It is essential to preserve local wisdom. And there are people who delight to conserve local wisdom. Elderly is
the majority group that role to conserve local wisdoms. Conservation on local wisdom also involves several
dimensions such as who wants to preserve, who should be a conservationist, what age should desire to conserve
the wisdom, and the steps and strategies of conservation. The study of information obtained from the survey
also benefits regarding the creation of training courses for conservation of local wisdom.

The development on lifelong learning program to enhance local wisdom conservation included training
program development process and lifelong learning concept as well as local wisdom conservation as the
content of the program. The young adults were the target in order to prolong the wisdom. In each community,
the study on the priority of the wisdom need was surveyed and the training program was developed by
considering on wisdom needs, target needs and community contexts as well as concept of conservation and
lifelong learning.

The Study

Documentary analysis was used to study in order to develop framework of the program which analyzed in the
topics of instructional curriculum, lifelong learning and local wisdom conservation. The next step was to
synthesis to be the lifelong learning program to enhance local wisdom conservation into steps.

Findings
The findings were clarified from the study on the documentary review and analyzed in the form of concept and
tables as following:

Results on curriculum analysis
Curriculum development process
1. Need analysis of community and learners; background, problems on economy, society and
environment
2. Objective setting; expectation on learners’ behaviors
3. Content Setting; consistent to the objectives and learners needs
4. Learning activities setting; appropriate activities selection in order to fulfill the learning objectives
5. Adoption; learning lesson plan and instructional media are adopted in practice.
6. Evaluation in three aspects; content, adoption and results on learners (behaviors, achievements, and
characteristics)

Results on lifelong learning concept analysis
1. Self-analysis, self-development and self-caring on rapid social transition; new skills, knowledge,
attitudes with morality
2. Learning flexibility; learning freedom to fulfill their need and blending to their lives
3. Social responsibility; fulfillment to individual needs, community needs as well as social needs

Results on local wisdom conservation concept analysis
1. Understanding background and nature of each local wisdom
2. Collecting data of the local wisdom, organize, classify, analyze and publicize the wisdom
3. Action research in specific local wisdom
4. Acceptance and encouragement local people on the value of their wisdoms
5. Collaboration between public and private sectors to initiate the network

The findings could be systematically analyzed in to the table of program framework as following:
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1. Community - lifelong - Performanceon 1. Study on
educationand development conservation current contexts;
survey with moralityon - Wisdom economy, society,
current transition adoptionin order environment
- New skills to solve daily 2. Need analysis
practice for problems on local wisdom
career security conservation for

lifelong learning

Table 1: The program was designed by analyzing the three concepts; instructional curriculum, lifelong
learning and local wisdom conservation (step 1).

Program process | Lifelonglearning | Localwisdom Program content
conservation

2. Objective 1. Ability to learn 1. Value of 1. Knowledge,
setting; for their own wisdom has been skills and positive
expectation on benefits and transferred to attitudes in
learners’ social benefits young generation lifelonglearning
behaviors 2. Ability to 2. Public relation  for local
search useful on local wisdom conservation
information 3. Initiate local 2. Local

3. Ability to add wisdom networks conservationin

knowledge, skills  for strengthening practice;

and attitudesto  the wisdom protection,

fulfil their needs learning and
maintenance

Table 2: The program was designed by analyzing the three concepts; instructional curriculum, lifelong
learning and local wisdom conservation (step 2).

Program process | Lifelonglearning | Local wisdom Program content
conservation

3. Content 1. Individual 1. Wisdom for Unit 1: Wisdom
Setting; learning; living; food, conservation
consistentto the cognitive, medicine and Unit 2: Local
objectives and affective and treatment wisdom
learners needs psychomotor 2. Wisdom for Unit 3: Wisdom
domain property; housing maintenance
2. Self caring and career
3. Social 3. Wisdom for
responsibility creativity; ancient
language, local
language and
literature

Table 3: The program was designed by analyzing the three concepts; instructional curriculum, lifelong learning
and local wisdom conservation (step 3).
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4. Learning 1. Authentic 1. Trainers select 1. Learning
activities setting; practice, learner  appropriate activities; learner
appropriate center, problem learning methods center, practice,
activities based learning by learners’ discussion,
selectionin order 2. Technology competency knowledge
to fulfil the enhancement 2. Wisdom application
learning 3. Flexibility and  transfer by 2. Media and
objectives freedomto learn various methods; resources;
by desired needs demonstration, Local resource,
and learning inspection journals, internet,
styles assignments

Table 4: The program was designed by analyzing the three concepts; instructional curriculum, lifelong learning
and local wisdom conservation (step 4).

Program Lifelong Local Program content
process learning wisdom
conservation
5. Adoption; 1. Flexibility = Roles of trainers; Well
learning lesson  inlearning teaching preparation, multi
plan and time and teaching styles, positive
instructional location learning atmosphere,
media are 2. Learning connecting learning
adopted in activities resources to learners’ lives
practice. could be Roles of learners;
blended in Participate in practice and
their lives search their own interests,

delight to do the activities
by their ability, self
information searching

Table 5: The program was designed by analyzing the three concepts; instructional curriculum, lifelong learning
and local wisdom conservation (step 5).

Program process | Lifelonglearning | Local wisdom Program content
conservation

6. Evaluation in 1. Presentation - Self evaluation 1. Evaluation on
three aspects; (1) and discussion on the skills by the program be
content, 2. Accurate and learners considering;
(2)adoption and precise - Individual suitability and
(3)results on evaluation target evaluation compatible of the
learners in order to - Follow up on compositions of
{behaviors, measure learners’ learners by giving the program
achievements, achievement advices 2. Evaluation on
and 3. Evaluation on continuously learners’
characteristics) learners’ project achievement

assignments

Table 6: The program was designed by analyzing the three concepts; instructional curriculum, lifelong learning
and local wisdom conservation (step 6).
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Conclusions

From the results of the study, the lifelong learning program have to be flexible and specify based on the
contexts of the community and characteristics of the wisdom. It would be recommended that the effective
program in Thailand should be recognized on the importance of “Human Capital” and “Society Capital” in
order to drive sustainability as well as well-being of people in community. Thus, government policy and Thai
National Economic and Social Development Plan are also necessary to be realized. The program should be
depth studied by program manager regarding to provide the valuable and sustainable training program. So, the
youths will retain their conscious as well as apply to their community. This may shift the attitude of the trained
youths in order to conserve their wisdoms.

However the problems and needs of people in community reflect the necessary of the program development.
The issue of local wisdom for community development which effects to people’s living directly always
challenges for decades. Thus local wisdom conservation is the main point or instrument to be considered for
applying to be lifelong learning program. The program would be adopted based on the real needs of them and
community contexts, not only form their answers from the questionnaires, therefore the process of analysis and
synthesize the data gathering should be recognized while the proposed program was developed by synthesizing
on theories, concept and principles. So the program in practice needs to be tested for studying the
generalization of the program.

Finally, the adoption of the program particularly, training for youths in their local community, the learning plan
should be set systematically. The unit content as well as learning activities should be well organized by
contexts and learners’ needs.
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Abstract

The modern anthropocentric scientific paradigm actualizes the problem of developing a certain basic
"coordinate system" for identifying and describing the basic values of representatives of different cultures. And
the intensification of scientific research in this direction is explained by it. The results of these studies also
make it possible to identify the features of the transformation and preservation of the basic values of the bearers
of a particular language and culture, as well as the trends in intergenerational cultural transmission. One of the
best ways of transferring culture from generation to generation is to use the linguo didactic potential of axiology
as a science of values and evaluation. As it is known, the ultimate goal of linguo didactics is not only teaching
a particular language, but also inculcating spiritual, moral and ethical values through the means of the language
being taught to the students. It is obvious that the humanitarian culture includes value-orientation, norm-
orienting, culture-identical, socially-consolidating and individualizing resources. Accordingly, there is no
doubt that it is necessary to form a humanitarian culture in accordance with the gradual principle of education
from the first years of study with its further deepening in the upper grades.

Based on this, this article analyzes the ways of forming a humanitarian culture in the teaching of the Russian
language. If in the junior classes language learning is carried out on texts presented in textbooks, then, in our
opinion, in high school it is advisable to use texts from other sources. As such, there can be artistic or newspaper
texts, the students are more interested in the latter. This is due to a number of factors: informative and dynamic
in accordance with the genre and the availability of background knowledge about the event described by the
students. Regular analysis of newspaper texts with an axiological component allows us to identify the dominant
spiritual and moral values of society and determine their scale. Proceeding from this, the actual material for
analysis in this article are newspaper texts.

The article proposes an author's method of studying linguistic means and texts containing in their semantics an
axiological component in explicit or implicit forms.

Introduction

At the present stage of the development of scientific knowledge all branches of science are permeated with
anthropocentrism: all problems are linked to the person and are explained from the standpoint of the person —
creator, carrier and researcher. While any person is the bearer of a specific ethnic culture and language, then
certainly, and the world is perceived by him through the prism of his native culture. Accordingly, in the
linguistic objectification of the realities of reality, in the division of the world, i.e. categorization mentality,
perception of the world, the world view and categorization of that ethnos whose representative is a particular
person is reflected. And in a modern globalizing world in which it is easy to lose its ethnic identity every
member of society tries to identify himself with the native language and the centuries-old culture of his people.
And the preservation of national identity is brought to the forefront which is possible only with the continuity
of national culture. Its fundamental part is the spiritual, moral and ethical values passed down from generation
to generation. And it is very important to form, preserve and develop national identity in the younger generation
and at the same time tolerance towards the foreign languages and cultures. In this connection, it is necessary
to look for various ways, one of which is humanitarian education through the subjects of the humanitarian
cycle studied at school. Among them, of course, are language and literature. Since the study of language is
based on texts of different genres, it is expedient to use their inexhaustible possibilities.

Adapted texts presented in school textbooks can be as one source of it. They are designed for their full study
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within the program. Their inadequate appeal to the school pupil is its compulsoriness limited to typical
programs and educational standards. Another source of extraction of axiological information is classical fiction,
a "well" for education. However, it is well known that it is on the periphery of readers' interest of
schoolchildren. The most acceptable, in our opinion, source is the online press because for modern children
from a small age the most favorite source of information retrieval is gadgets with access to the World Wide
Web. The task of the teacher of literature is to form at the student a steady interest in reading, and for this — a
thoughtful approach to the selection of texts for reading able to gradually instill values, and thereby develop a
scale of values. Therefore, in this article a great attention is paid to the formation of spiritual values through
the correct selection of publicist texts.

The Study

The axiological component is one of the key ones in the formation and development of the linguistic personality,
and as the primary component of the existence of man in society that's why it arises a great research interest, being
an object of independent research in various branches of humanitarian disciplines. At the same time scientists
study axiological problems from various perspectives: axiological — in philosophy, theology, art criticism, etc.,
ontology — cultural studies, linguistics, folklore, ethno linguistics, etc., praxiological — political science, sociology,
pedagogy, psychology, etc., art — literature study, art criticism, etc. All these approaches are united by an attempt
to explain the mechanisms of man's cognition of the world. As it can be seen, there is a close relationship between
the subject areas of humanitarian culture and its potential impact on the individual and society. Thus, the
axiological aspect includes value and socially-consolidating landmarks, praxeological aspect — normative, cultural-
identification, individualizing, etc. [Mussatayeva M., Nussupbekova A. 2018].

As you know, all these guidelines are vital and necessary for a person for harmonious being in society, therefore,
the humanitarian culture must be instilled in children from the first days of their schooling by the resources of all
the without exception studied disciplines. A special place is given to the subjects of the philological cycle: Russian
language and literature, Kazakh language and literature, foreign languages. However, the limited scope of typical
programs, in accordance with the textbooks and materials which are attached to them, make this work somewhat
difficult. In this regard, this task implicitly lies on textbooks in which this goal is achieved through the texts, the
fulfillment of tasks and exercises by pupils, the use of various methods and innovative technologies by teachers
[Mussatayeva M.Sh., Nussupbekova A.S. 2018].

Since the central place at all stages of education including language teaching is the textbook, much attention is
paid to its content. In the linguo didactic literature there are many definitions of the textbook. One of the co-authors
of this article, A.S. Nussupbekova defines the textbook as "a poly functional psycho didactical system reflecting
the content of the studied subject compiled taking into account the psycho physiological characteristics of students
and aimed at the formation of spiritual, moral and ethical values, and thereby — knowledge of the world"
[Nussupbekova A. 2018, P. 349]. As it is known, the textbook realizes the general educational, developing and
upbringing functions of pedagogy. The first two of these equip schoolchildren with theoretical knowledge of the
subject, develop educational and cognitive activities, the latter forms the outlook of the students and fosters
educates human values at them.

Proceeding from this, we think that the central place in textbooks should be occupied not only by texts in which
the scientific, consistent, strictly and accurately stated content of the subject is presented, but also materials
oriented toward cognition of both universal and cultural-marked values. So, Z.K. Akhmetzhanova and M.Sh.
Mussatayeva describe the concepts of man, state, cradle, generation, child, boy, girl, etc., which are constants of
the Kazakh mentality, the "permanent principle" of Kazakh culture, and verbalizing their lexemes refer to a stable
layer of Kazakh vocabulary that defines wealth, "face" and the power of the Kazakh language [Akhmetzhanova
Z., Mussatayeva M. 2013, P. 3]. For Kazakhstani researchers, it is of particular importance to identify the scale of
values of the Kazakh society and the factors that contribute to its transformation with the aim of reconstructing the
axiological sphere of various social groups and idiolects. In our opinion, the results of these studies should also be
reflected in the training texts.

In addition, it seems that the text material in the textbook should take into account the achievements of modern
linguistics, therefore it is advisable to introduce new concepts such as concept, conceptual analysis, discourse that
allow a new look at the educational process and choose adequate pedagogical technologies and techniques for their
implementation (for example, the concepts of spirituality, education, culture, etc.) Thus, the school textbook on the
Russian language and literature is intended to be one of the sources of humanitarian culture at schoolchildren.
Axiological value categories are directly related to the concept. According to V1. Karasik, "the value aspect of the
concept is the basis for distinguishing the concept, it is namely through the analysis of concepts that value
dominants can be identified that together form a certain type of culture, maintained and preserved in language"
[Karasik V. 2009, P.29-30]. As one of the authors of this article, M.Sh. Mussatayeva points out "At the basis of
any culture and ethnic identity is a system of values, that is, moral and ethical and spiritual and moral concepts, in
a multinational, multicultural and poly confessional Kazakhstan, Kazakh identity is a consolidating resource and
a guarantor of its sustainable and dynamic development. .... In Kazakhstani society along with universal concepts
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reflecting universal spiritual and moral values, social and economically conditioned concepts are also dominant"
[Mussatayeva M. 2017, P. 127]. Proceeding from this, it is difficult to overestimate the role of axiological
competence in the formation of a full-fledged linguistic personality.
According to the theory developed by the Russian scientist Yu.N. Karaulov, the structure of the language
personality includes 3 levels: verbal-semantic (encompassing a complex of grammatical-paradigmatic, semantic-
syntactic and associative links of linguistic units which together form a single "verbal network™), linguo cognitive
(the representatives of generalized concepts, ideas and concepts clad in descriptor status) and motivational and
pragmatic (more individualized consisting of the same elements: units, relations and stereotypes). According to
the scientist, the necessary key for the transition from one level to another can be "extra linguistic information
supplied by the social component of the language and associated with the" history" of the language socialization
of the individual, the "history" of its involvement in the stereotypes adopted in a given society in the vital concepts,
ideas, the history of their assimilation and appropriation in the process of socialization" [Karaulov Yu. 2010, P.
45].
As it can be seen, in the formation of the verbal network, the generalized large concepts and their individualization
in the language personality, the values and the evaluation reflected in the pedagogical discourse are implicitly
"present". This is confirmed by V. Karasik's definition of the concept of pedagogical discourse is "an objectively
existing dynamic system of value-semantic communication of subjects of the educational process, functioning in
the educational environment. It includes participants in discourse, pedagogical goals, values and content
component”" [Karasik V. 2000].
Obviously, the role of extra linguistic information extracted from the media and contributing to the successful
socialization of the language personality of the learner is important in the structure of the language personality in
ensuring the transition from one level to another. A private, at first glance, issue of selecting publicist texts for
educational purposes requires interrelation and correlation with such key aspects of education as the main goal
with the tasks corresponding to it, the structural and content components of education that ensure successful
interaction of participants in the educational process and mutual understanding. The effectiveness of the meanings
of the concepts and images acquired by the students depend on these factors, in our case is the assimilation of the
spiritual, moral and ethical values necessary for the formation of a harmoniously developed linguistic personality.
As arule, the system of values/antivalues is studied on the basis of a variety of texts, which is due to a rich set of
components, including axiological ones, allow explicitly or implicitly in accordance with the author's conception
and interpretation to realize this task.
The axiological component is most actively studied in the language of the media, since they are the most stable
media carrier, fully reflecting the dynamics of linguistic changes. Among the various media genres, in most cases
the source of the extraction of factual material is newspaper texts of informational orientation, since they do not
need to be pre-recorded. Accordingly, there is no need for subsequent decoding, because they are more accessible
and convenient for a linguistic description. The research interest in the language of newspapers is also conditioned
by the fact that the newspaper is the oldest mass medium in which the basic stylistic devices and means
characteristic of the language of mass communication as a whole were formed. Proceeding from this, the language
of the newspaper is quite reasonably considered to be the basic component of the language of the media
[Mussatayeva M., Kozhakhmetova A. 2018]. This circumstance serves as the basis for the use of newspaper texts
for the purpose of teaching the language. In its turn, the didactic task of forming a steady interest in reading the
newspaper as a valuable source of information contributing to the awareness of the involvement of the socium and
its civil identity, is being actualized. In addition, the culture of reading newspapers and skills of extracting basic
information is being instilled.
An indispensable condition for the use of journalistic texts in the educational process is their adaptation in
accordance with the psychological and physiological characteristics of students. This means that in the learning
texts of each of the links (primary, secondary and senior), a gradual principle, from simple to complex, must be
realized. To realize it in textbook development should be used the theoretical bases for the compilation of
educational texts, adaptation of artistic texts for educational purposes, and the scope and structure of the teaching
texts [Nussupbekova A. 2018].
There is no doubt that the involvement of journalistic texts adapted for educational purposes will contribute to the
full development of the individual student's language that suggests the presence of a multi-level set of language
ability and willingness to perform communicative speech acts of varying difficulty on the verbal-semantic,
cognitive and communicative-activity levels. Reading and comprehension of the content of the text, performance
a set of learning tasks and exercises form the system of linguistic competence, which includes language and speech
levels. While working on adapted journalistic texts students master communicative abilities in the four major types
of speech activity — reading, speaking, listening, writing. In addition, this form of work increases the cognitive
competence of students, forming specific skills, in particular:

v’ to operate with background knowledge of your culture and adequately interpret them in relation to

reality;
v’ to identify the dominant concepts of linguistic culture of modern society;
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v’ to perceive and comprehend the axiological stereotypes of society.

One of the unshakable constant values of Kazakhstanis is the family, as evidenced by the number of articles
published in the Kazakh press. So, for the period from January 1 to July 1, 2018, the family problem was addressed
in 186 articles of the daily central socio-political newspaper "Kazakhstanskaya Pravda". The fact that in
Kazakhstan to family values are paid special attention is shown by a large number of publications in other
publications. In this regard, it should be noted that in them the central place is given to the woman as the keeper
of the family hearth.

It is obvious that values should not be merely declarative, they should be educated in the younger generation, for
which this work should be permanent in both life and learning process. In implementing this task in the learning
process, reliance on well-established methods is important, one of which can be the developed by us an algorithm
for carrying out the content analysis of an artistic text and reflected in one of our works [Mussatayeva M.Sh.,
Kuatova G.A., etc. 2017]. This algorithm can be taken as a basis for work on the semantics of the publicist text
and be used as follows:

to specify the purpose and tasks of work on the text;

to select text material;

to identify the language units in the text;

to analyze the semantic structure of identified linguistic units;

to classify language units;

to interpret;

to formulate conclusions.

We will try to demonstrate the tasks developed with the use of the above said algorithm. The purpose of these
tasks is the realization of the axiological component of journalistic texts in the educational process, and the tasks
are aimed at achieving the stated goal:

1) formation of skills in the logical-semantic analysis of the text providing a deep understanding of the
information contained in it;

2) identification of the nominee field of representatives representing the dominant ideas of the text;

3) formation of axiological competence of students;

4) provision of a cultural transmission, i.e. continuity of traditional ethnic values and their transformation
into a modern scale of values,

5) the formation and development of linguistic competence through the analysis of linguistic units contained
in the text, and also by the attraction of additional language tools that provide an expanded understanding of the
axiological components.

Selected material is fragments of journalistic texts containing axiological information which are extracted from
the socio-political Russian-language newspaper "Kazakhstanskaya Pravda" and other online publications. These
texts correlate with the State Program of the Republic of Kazakhstan "Rukhani zhangiru" ("Spiritual Revival")
developed on the basis of the article of the Head of State "A Look into the Future: Modernization of Public
Consciousness" dated April 12, 2017, aimed at reviving the spiritual values of Kazakhstanis with all modern risks
and challenges of globalization. [http://ruh.kz/ru; http://www.akorda.kz].

Within the framework of this article we only outline the nature of assignments for comprehending three fragments
of texts about the family and family values.

ASENENENENENEN

Task 1 Formulate the basic idea of each of the texts.

1) "In our society the family has always been and remains the link between different generations, the
guardian of spiritual and cultural traditions. The family day will contribute to strengthening morality, spirituality,
unconditional recognition in our society of the importance of responsible marriage ... Education got under shanyrak
is the guarantee of a healthy and the successful future of all our people. Cultivation of family values, large families
is one of the primary tasks of our state. For the years of Independence, more than 6 million of Kazakhstanis was
born, and the total number of citizens of the country exceeded 17 million. This is a clear indication of the growth
of the well-being of the people, the quality of family and demographic policy in the Republic of Kazakhstan", —
points out Nazarbayev. https://tengrinews.kz

2) "In the middle of the 21st century the most developed countries will be those in which the absolute
majority of families will live in peace and prosperity, educate children, give them quality education, take care of
older generations, lead a healthy lifestyle," said the President of Kazakhstan Nursultan Nazarbayev http:
/ltoday.kz/news/kazakhstan/2015-09-13/626287 from the 13th of September. 2015 11:10 12190

3) "About family values, jubilee weddings were spoken under the arches of the new Palace of Marriage ...
Spouses especially honor continuity, family traditions, spiritual and moral values. ... The institute of a strong,
happy family is the guarantee of the well-being of the whole of Kazakhstan, "the Akimovs' spouses also firmly
believe in it. ... The family is strong, if it is understood and respected, "say the Akimovs. "We have always lived a
soul in the soul, honored the elders, worked tirelessly” ("... Golden, Emerald, Diamond" in the newspaper
"Kazakhstanskaya Pravda" dated June 8, 2018) ..
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Task2 Do you agree with the statements below? Motivate your answer.

The family has always been and remains the link between different generations, the guardian of spiritual
and cultural traditions.

Education received under the family shanyrak is the guarantee of a healthy and successful future for all our
people.

Cultivating family values, having many children is one of the primary tasks of our state.

The family is strong, if it is understood and respected for each other.

Task 3 Answer the following questions:
1. What theme unites these micro texts?
2. How do you understand the meaning of the phrase family values?
3. Explain the meaning of the combinations of /iving the soul in the soul, to work tirelessly?
4. What is the manifestation of caring for the older generations?
5. How do you think what is the right way of life?

Task 4 Select keywords.
Task 5 Give the phraseology units about the family.
Task 6 Give the proverbs and sayings about the family.

As you can see, the first four tasks are aimed at forming the semantic competence of students.

Tasks 5 and 6 are designed to inculcate axiological competence. It is well-known that to understand the meaning
of phraseology and paremia, background knowledge is necessary: traditions and customs accompanying the
bearers of ethnic culture and language throughout life and forming life values. It is obvious that life situations and
certain patterns of behavior of the bearer of a particular national language and culture reflect the ethnic hierarchy
of values, a certain influence on which is exerted by the confessional identity of the linguistic personality. In this
case, Kazakh paremia will be accompanied by ethnographic comments which will allow us to understand its logical
content. At the same time, in the meaningful and formal description of paremia in Kazakh and Russian languages,
universality is noted irrespective of ethnic characteristics, which indicates a unified cognitive and logical structure
of thinking of genetically diverse peoples. Family values and priorities, particularities of the way of life are vividly
reflected in proverbs and sayings about the family, about the attitude to the elder members of the family and
children, about upbringing. A person in a system of kinship ties occupies a certain place and, in accordance with
this, he is endowed with specific rights and duties, a certain emotional relationship is formed towards him
[Mussatayeva M.Sh., 2015].

Analysis of the semantic structure of linguistic units assumes the identification of semantic components. So, in
axiological units, you can identify such components as cognitive, emotional and behavioral, which are especially
shown in paremia. The cognitive component expresses the parents' attitudes and shapes the model of the future
family at children (educate worthy children; do not give preference to any of the children; how to raise the elders,
so will the younger ones be raised), the emotional component expresses the different attitude of parents towards
children, and the behavioral component is clear in attitude towards representatives of the older generation. It
should be noted that the senior generation is given a particularly honorable place in the Kazakh family. As a rule,
in the Kazakh family, 2-3, sometimes 4 generations, traditionally live together which has a great educational effect:
children, on the example of parents learn to take care of elderly people. The law in any Kazakh family goes without
saying: elderly parents always live with children, until the end of their life, feeling the care of children,
grandchildren and great-grandchildren. It is noteworthy that the idea of the arrangement of aged parents in boarding
schools is inadmissible for Kazakhs [Mussatayeva M., 2015]. This unshakable constant of the Kazakh scale of
values should be passed down from generation to generation. In connection with globalization processes, this
problem becomes especially urgent, because it is obvious that the loss of this value is equal to the loss of Kazakh
national identity.

Findings

From these fragments of the text it can be concluded about the role of today's Kazakhstani family in shaping the
future of Kazakhstan's society. Keywords and phrases that characterize the future of Kazakhstan as a result of the
culture of family values are: tranquility, prosperity, quality education, raising children, caring for the older
generation, a healthy lifestyle, a happy family, to live in perfect harmony, respect for elders, continuity, family
traditions , spiritual and moral values, well-being. The main tasks are promoting the most important human values
in society, that, first of all - FAMILY, LOVE, LOYALTY, RESPECT, UNDERSTANDING. The family has no
confessional boundaries. Family traditions of each nationality, religion are based on loyalty and love. BNews.kz.
(Source: Almaty City Culture Department)
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Examples similar to the following fragments of newspaper texts can be "dissolved" in exercises and assignments,
the linguistic and semantic analysis of which at the subconscious level of students will contribute to a deep
understanding and sustainable respect for family values as an axiological constant. It should also be noted that a
high degree of authenticity of newspaper texts. So, in the educational process M. Breen clears oit four types of
authenticity: 1. authenticity of texts used in the learning process; 2. the authenticity of the perception of these texts
by students; 3. authenticity of training tasks; 4. authenticity of the social situation in the classroom. [Breen 1985]
Reliance on the basic provisions developed by this scientist will allow the teacher to develop a typology of tasks
and on their basis a system of exercises.

Interpretation

Semantisation of newspaper texts used for educational purposes can be based on the Bloom taxonomy, which
includes organically related levels: knowledge, understanding, application, analysis, synthesis and evaluation.
At the level of knowledge, when semantizing the newspaper text to identify the axiological component, the
following knowledge is formed and developed: conceptual (the interaction between the basic elements in the
integral structure of the language), procedural (skills of using task execution algorithms) and meta cognitive
(awareness and knowledge of one's own knowledge in the process of working on text). Students discover new
facets of the category of values in different cultural communities, identifying in them universal ones.

At the level of understanding students learn to recognize the meaning of linguistic units and interpretations,
motivation of their responses, classification of the received information, comparison with other events from the
life of society, generalization and formulation of conclusions. The indicator of understanding can be the
transformation of material from one form of expression to another, the interpretation of the material.

At the application level trainees are trained to use the information obtained in specific conditions and new practical
situations.

At the level of analysis, analytical skills are formed consisting in the classification of the basic concepts in the
semantized text in such a way that it is possible to reveal the semantic structure of the described object. Mental
actions consist of identifying the part of the whole, their interconnection, the principles of the organization of the
whole, and also in distinguishing between facts and consequences.

At the synthesis level the skills of combining elements are formed in order to obtain a whole that has novelty. At
this stage it is difficult to overestimate the role of the integrated use of audio-visual aids which contribute to a
more visual representation of the synthesized components of the object.

At the evaluation level students should be able to make independent judgments and determine their own values,
check them for compliance with generally accepted spiritual, moral and ethical values, identify gaps between them
and work on their replenishment.

Conclusions

Thus, axiological linguistics has a huge linguo didactic potential, which contributes to the formation of a
harmoniously developed personality with a stable scale of spiritual, moral and ethical values. It becomes obvious
that in order to achieve this goal, it is not enough to restrict the learning of only the information contained in the
textbooks. To do this, it is necessary to attract a variety of sources, one of which may be a journalistic text. As it
is known, art texts adapted for educational purposes, with all their merits, have a number of shortcomings: the use
of developed grammatical structures, even in dialogue or in answering questions; unnatural repetition of individual
words or grammatical phenomena; text is often not an analogue of any real type or genre of text. The advantage
of using publicist texts is their authenticity, which allows to develop tasks, simulate situations that are as close to
natural as possible in accordance with three aspects of a methodically authentic text: methodical (accessibility,
relevance to learning objectives, efficiency), structural (compositional and linguistic characteristics , composition,
adequacy of linguistic means, cohesion, adhesion, etc.) and meaningful (the naturalness of the situation described,
the presence of a cultural component, informative, ability to evoke interest and emotional perception et al.).
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Abstract

Maria Gaetana Agnesi was born in Milan, on May 16, 1718. She was highly talented and excelled in the art of
philosophical disputation. In 1738, Agnesi concluded her studies with the publication of her thesis Propositiones
philosophicae (Philosophical Propositions), mimicking the academic path of male students in contemporary
colleges. Profoundly interested in mathematics but still unclear about the nature of her possible contribution,
Agnesi began by planning a commentary on Guillame de 1’Hospital’s treatise on curves, to make it more accessible
to students. Gradually, however, she worked on a much more ambitious project: an introduction to calculus that
would guide the beginner from the rudiments of algebra to the new differential and integral techniques. This would
be a great work of synthesis, aiming at a clear presentation of materials that were written for specialists, in Latin,
French, or German and published in hard-to-find journals. During the making of her book, Agnesi interacted with
leading Italian experts, such as Jacopo Riccati. At a time when the practice of calculus on the continent was moving
away from its immediate geometrical meaning, Agnesi aimed to rediscover those techniques of Cartesian geometry
designed to bridge the gap between the geometrical and analytical fields. Her teaching method can be still
interesting. Maria Gaetana and her contemporaries do not care about logical rigour; they prefer to present the
concept in an intuitive way. The question of giving a more formal and logical approach to the definition of limit
was addressed by Augustine-Louis Cauchy and, later, by Karl Weierstrass. According to any scholars, this abstract
approach can be didactically inefficient for the beginner student, observing that, among other things, a mathematics
course uses different notions of limit for which it would be appropriate to introduce and define the limit so that
applications come from a single concept. The question of the fundamentals of the analysis cannot be considered
completely closed; indeed someone thinks that the system of axioms to be considered is even variable with the
type of problems that are faced.

Keywords: Mathematics, History, Differential Calculus

Introduction

Maria Gaetana Agnesi was the first woman to publish a book of Mathematics in her own name, a treatise of
Algebra and Calculus entitled Instituzioni Analitiche ad uso della gioventu italiana (Analytical Institutions for the
use of Italian Youth). The book appeared in 1748 in Milan that in this time was under Austrian control. In the
introduction, dedicated to Empress Maria Theresa of Austria, Maria Gaetana called for all women to contribute
“to the glory of their sex” through the practice of the Arts, the Sciences and Politics.

The Instituzioni did not assume any previous knowledge of algebra and was the first attempt to provide an
extensive and accessible introduction for the beginners to the new differential and integral techniques. This aim
was reached by means a great work of synthesis because the materials were mostly written for specialists, in Latin,
French or German and published in hard-to-find journals. Some results were even in writings that scholars
addressed each other. During she made her book, Maria Gaetana interacted with leading Italian experts, such as
Jacopo Riccati. In the correspondence with Riccati, Maria Gaetana claimed that she consciously excluded from
her book the possible applications to Physics or other Sciences. This choice was unusual and at odds with the
practice of most specialists, including Riccati. Her geometrical understanding of Algebra and Calculus was in
disagreements with leading practitioners. This choice explains her interest in Newton’s fluxions and the case with
which Instituzioni was translated in English, for the British audience in 1801.

Agnesi claimed that she wanted to limit her book to the pure Analysis in order to preserve the simplicity, rigor and
evidence proper to classical Geometry. This inclination was inspired by the Oratorian tradition in Mathematics,
descending from Malebranche and Charles Reyneau, which, in particular, was the main source of inspiration for
the Instituzioni. Maria Gaetana did not neglect the appeal of the Leibniz’s differences method that she knew to
be equivalent to Newton’s method. In her book, she used the differential calculus both in tangent problems and in
inverse tangent problems.
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The Second Volume Of Instituzioni Analitiche

Maria Gaetana devoted the Second Volume to “the analysis of the quantities infinitely small”. In the Introduction,
she wrote that the Analysis of infinitely small Quantities, which is otherwise called the Differential Calculus, or
the Method of Fluxions, is that which is conversant about the differences of variable quantities, of whatever order
those differences may be. This Calculus contains the methods of finding the Tangents of Curve-Lines, of the
Maxima and Minima of Quantities, of Points of Contrary Flexure and of the Regression of Curves, of the Radii of
Curvature, etc. The book is divided in several sections, as the nature of the several objects require. All translation
of notations, definitions, theorems and demonstrations that follow in this paper are taken from the English
translation made by Rev. John Colson (Colson, 1801).

In Volume II, Book II, Section I, Agnesi defines the Variable Quantities as the quantities that are capable of
continual increase or decrease. They are to be conceived as Flowing Quantities or as generated by a continual
motion (Agnesi, 1748).

Then she defines Difference or Fluxion as any infinitely little portion of a variable quantity, when it is so small
that it has to the variable itself a less proportion that any that can be assigned and by which the same variable being
either increased or diminished, it may still be conceived the same as at first.

In Table I, Fig.2,3 of the Volume II, Maria Gaetana clarifies the concept (Agnesi, 1748)

Fy s - 7 .. L

Figure 1. Instituzioni Analitiche, Volume II, Book II,Section I, Table I

Let AM be a curve whose axis or diameter is AP; and, if in AP produced, we take an infinitely little portion Pp, it
will be the difference or fluxion of the abscissa AB, and therefore the two lines AP, Ap may still be considered as
equal, there being no assignable proportion between the finite quantity AP and infinitely little portion Pp.

From the Points P, p if we raise the two parallel ordinates PM, pm in any angle and draw the chord mM produced
to B, and the right line MR parallel to AP; then because the two triangles BPM, MRm are similar, it will be
BP:PM=MR:Rm. But the two quantities BP, PM are finite and MR is infinitely little, the also Rm will be
infinitely little and is therefore the fluxion of the ordinate PM. For the same reason the chord Mm will be infinitely
small, but (as will be shown afterwards) the chord Mm does not differ from its little arch, and they may be taken
indifferently for each other; therefore the arch Mm will be an infinitely little quantity, and consequently will be
the fluxion or difference of the arch of the curve AM. Hence it may be plainly seen, that the space PMmp likewise,
contained by the two ordinates PM, pm, by the infinitesimal Pp and by the infinitely little arch Mm, will be the
fluxion of the area AMP, comprehended between the two co-ordinates AP, PM, and the curve AM. In addition,
drawing the two chords AM, Am, the mixtilinear triangle AMm will be the fluxion of the segment AMS,
comprehended by the chord AM and by the curve ASM.

The teaching method of Agnesi is truly remarkable, she always points straight to the concept, which she clarifies
with many examples and figures. In the definition of difference or fluxion lies a crucial point: a positive
infinitesimal should be a quantity greater than zero but less than any positive real number. There is therefore a
contradiction with the Archimedes axiom which states that if ¢ and b are two positive real numbers, then there
exists a natural number # such that an> b.

The objection made by Berkeley, in his satirical book The Analyst (Berkeley, 2002) hits the mark: he does not
dispute the validity of the results obtained with the new Calculus, but the logical rigor.

In fact, it is necessary to observe that, in the fervour of research and in the urgency of solving new problems, the
preoccupation with regard to the foundational aspects of the infinitesimal calculus is left aside. The few books
born for spreading the methods, such as that of de L'Hopital, do not care much about clarifying the definitions.

Agnesi And Geometrical Loci

Agnesi's first mathematical effort was connected with De L' Hopital 's Traité des sections coniques (De L' Hopital,
1776); she wanted to write an introduction that made it accessible to students and designed a commented
translation, but her mentor Count Carlo Belloni dissuaded her, considering the project too demanding. Maria
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Gactana worked hard, also receiving explanations concerning some of her questions from her correspondents
among the different religious orders that have frequented her home or entertained relationships with her preceptors.
De L'Hopital treaty differs entirely from the approach of a similar treatise by Guido Grandi, which presented itself
as a compendium to the text of Apollonius and thus defined the curves as sections of the cone.

De L’Hopital focuses instead on the construction of the conics based on their properties as flat curves and treats
problems of searching for geometric locus.

Proof of the study of Maria Gaetana of this treatise are the numerous autographed letters of the collections of the
Ambrosiana library, cited by Arnaldo Masotti (Masotti,1940). In particular, in the autograph letter addressed to
Count Belloni, reported in Table XVII (Masotti,1963), Maria Gaetana treats, expressing herself in Latin, the
problem that appears as Exemple V in Livre VIII Des Problemes Indetérminés, see p. 259. Maria Gaetana solves
the problem, using differential methods in Volume II, Book IV (Problem III, n.42, pp. 945-950), (Agnesi, 1748).
Volume 11, Book IV of Instituzioni Analitiche concern the Inverse Method of Tangents (Agnesi, 1748). The
meaning of these methods has shown below.

As, when any curve is given, the manner of finding its tangent, subtangent, perpendicular or any line of thet kind,
is called the Direct Method of Tangents, so, when the tangent, subtangent, perpendicular or such any line is given,
or when the rectification or area is given, to find the curve to which such properties belong, is called the Inverse
Method of Tangents.

In the second and third books are found the general differential expressions of tangents and also of rectifications
and areas, therefore, by comparing the given property with the respective expression or general differential
formula, there will arise a differential equation of the first degree, or of a superior degree, which, being integrated,
will give the curve required.

Problem I1I: Given infinite parabolas of the same kind, we must find the curve, which cuts them all at right angles.

L
T A B D P

Figure 2. Instituzioni Analitiche, Volume II, Book IV, Table I

Solution
Let AB=x and BC=y. The equation of the infinite parabolas is

pTx™ = y™,
For any point C we consider the tangent line CT and the normal line CP. We have BT=mx/n.
We find the curve DC. The infinitesimal portion of the curve is the normal CP; then CT in in the same time the
tangent line to the parabola AC and the normal line to the curve DC in the point C. Then BT is the sub tangent to
the parabola and the subnormal to DC. The subnormal is - ydy/dx, and then we have the differential equation

mx _ _ydy
n dx
We use the separating variables method
mxdx
= —ydy
We integrate, obtaining
.Y +aa
2n 2
nyy 2naa
—_—= —xx
m m

That is the equation of ellipse.

Agnesi And Differential Of Several Orders

In Volume II, Book II, Section I, Theorem III, Maria Gaetana states the infinitesimal order degree of the
trigonometric function (Agnesi, 1748).

Theorem II1
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If in the circle be taken an arch which is an infinitesimal of the first order, I say that its verted sine shall be an
infinitesimal of the second order; and the difference between the right sine and the tangent shall be an infinitesimal
of the third order.

_{u'jj, 148,

Figure 3. Instituzioni Analitiche, Volume II, Book II, Section I

Let the arch DC be an infinitesimal of the first order, DB is the right sine, CE the tangent and let DF be drawn
parallel to AC. From the nature of the circle, it is GB:BD=BD:BC. But GB is a finite quantity and BD an
infinitesimal of the first order. Therefore, as GB is infinitely greater than BD, so BD will be infinitely greater than
BC. Therefore, BC or DF will be an infinitesimal of the second order. By the similitude of the triangles ABD,
DEF, it will be AB:BD=DF:FE. But AB, a finite quantity, is infinitely greater than BD, an infinitesimal of the first
order, and therefore DF, an infinitesimal of the second order, will be infinitely greater than FE, which is therefore
a third fluxion, or an infinitesimal of the third order.

Corollary I: And whereas the tangent is always greater than its arch, the arch greater than its chord, and the chord
greater than the right sine, the tangent and the right sine may be assumed as equal, they not differing but by an
infinitesimal of the third order. Also these following may be assumed as equal, the tangent, the arch, the chord,
and the right sine.

Corollary II: If we conceive the radius of the circle AN to be an infinitesimal of the first order, the arch NO and
its right sine OM will be an infinitesimal of the second order; and therefore the versed sine MN will be infinitesimal
of the third order.

Agnesi proved by means of a geometrical approach the well-known infinitesimal properties of the function sinx
and 1-cosx for x tending to 0, with the advantage of obtaining the result with a very simple reasoning, which can
also follow a beginner student.

The Foundational Question

In the nineteenth century, a great process of reorganizing knowledge affected Mathematics. New mathematical
sectors are born, such as that of non-Euclidean geometries, and a rigorous theoretical arrangement of mathematical
analysis is realized. The construction of coherent systems of geometries, characterized by postulates other than
Euclidean ones, proved the limited mathematical value of the appeal to evidence. Even the situation of the Analysis
stimulates a reflection: although it was decisive for the development of the sciences, it had made use of not clear
notions, such as that of infinitesimal, and of unscrupulous procedures, so that D'Alembert said "Go ahead and faith
will come to you ". The question of giving a more formal and logical approach to the definition of limit was dealt
with by Augustine-Louis Cauchy and, later, by Karl Weierstrass. In Cauchy’s book Cours d'Analyse of (1821), he
based the definition of infinitesimal and the definition of limit on the concept of variable quantity, which scholars
generally believe is a succession of values.

When the successive numerical values of this variable diminish indefinitely, so as to fall below a given number,
this variable becomes what we call infinitesimal, or an infinitely small quantity.

Weierstrass resumed the Cauchy's ideas and gave the definition €-0 of limit that is still taught, which eliminates
infinitesimal as separate subjects. Weierstrass applied the definition to the definition of continuity and convergence
of a series of functions and produced the famous counterexample for which a function can be continuous but not
derivable at any point. From Weierstrass onwards, Mathematical Analysis became the science we know.
According to some scholars, this abstract approach can be didactically not very effective for the beginner student;
we observe that, among other things, in a mathematical course different notions of limit are used, in every situation
the most opportune one: for example the limit of a succession, of a function, of a series, the definition of integral.
Therefore, it would be appropriate to introduce and define the limit so that applications derive from a single
concept.
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In 1961, Abraham Robinson published an article in Dutch Academy of Sciences in which he presented his idea of
a theory of infinitesimal and infinite, with the name of Non-Standard Analysis, entering the debate on how the
definition of Weierstrass interprets the historical definition (Robinson, 1961).

Robinson's theory achieved great notoriety following the work he presented jointly to the American Mathematical
Society and the Mathematical Association of America.

Robinson's theory consists in introducing a new numerical field, which constitutes an expansion of the real field,
in which the axiom of Archimedes does not generally apply. The extra objects in the new numerical field are
precisely the infinitesimals, called hyperreals.

The Robinson’s theory is based essentially on mathematical logic, even though towards the end of the sixties the
American mathematician H. Jerome Keisler managed to reformulate the whole Mathematical Analysis according
to the infinitesimal principle of Robinson, following a path alternative that makes this method even accessible to
university freshmen (Keisler, 2012).

Nowadays many researchers in Mathematical Teaching test the Nonstandard Analysis even at introductory level.
They think that an intuition of infinitesimals can be oriented to lead to mathematical concepts. Pre-university
students can acquire the fundamental ideas, which form the core of analysis through a nonstandard analysis; in
particular, they present in class the ultrasmall numbers.

In these experiences in classroom, they propose again many examples and ideas that we find in Agnesi’s
Instituzioni.

Conclusions

The opinions on the didactic use of non-standard analysis and precisely on the advantage that would lead to the
understanding of the arguments are still controversial, as well as those regarding the advantage that it would bring
in the discovery of new analytical properties.

The question of the foundations of Analysis cannot be considered completely closed, indeed someone think that
the system of axioms to be considered is even variable with the type of problems that must be addressed. It would
be a terrible blow to Descartes' conception, according to which "Mathematical truths are immutable and eternal".
We think that pre-university students can acquire the fundamental ideas of differential calculus getting back the
original formulation of Leibniz, based on infinitesimals. From this point of view, we can use many suggestions
and examples, contained in Agnesi’s Books. If we propose these arguments or problems by means of laboratory
instruments, flipped classroom techniques, or by didactical methods that you prefer, we think that the media are
different but the meaning is the same.
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Abstract

Maria Gaetana Agnesi was born in Milan on May 16, 1718 so this year marks the 300th anniversary of his birth.
She is "considered to be the first woman in the Western world to have achieved a reputation in mathematics." The
most valuable result of her labours was the Instituzioni analitiche ad uso della gioventu italiana, (Analytical
Institutions for the Use of Italian Youth) which was published in Milan in 1748 and "was regarded as the best
introduction extant to the works of Euler." The goal of this work was, according to Agnesi herself, to give a
systematic illustration of the different results and theorems of infinitesimal calculus. The Instituzioni did not
assume any previous knowledge of algebra and was the first attempt to provide and extensive and accessible
introduction for the beginners. In this article, we present two significant problems, which one can find in her book
and that could even be put back into our high schools now. The two problems Maria Gaetana found in the
Renaissance Mathematical tradition: the first is the famous problem about King Hiero’s crown, that we find in
Vitruvius and Galileo Galilei, and, after Maria Gaetana, in Paolo Romeo da Siderno. The four solution are very
different each other. The second problem is an application of logarithms to a problem of everyday life that we can
find in more elementary form in Luca Pacioli’s De Viribus Quantitatis.

Keywords: Mathematics, History, Algebra, Differential Calculus

Introduction

Profoundly interested in mathematics but still unclear about the nature of her possible contribution, Agnesi began
by planning a commentary on Guillame de 1’Hospital’s treatise on curves, to make it more accessible to students.
Gradually, however, she came to believe she could work on a much more ambitious project: an introduction to
calculus that would guide the beginner from the rudiments of algebra to the new differential and integral
techniques. This would be a great work of synthesis, aiming at a clear presentation of materials that were written
for specialists, in Latin, French, or German, and published in hard-to-find journals. During the making of her book,
Agnesi interacted with leading Italian experts, such as Jacopo Riccati. Her correspondence with Riccati sheds light
on some of the distinctive traits of Agnesi’s mathematical style.

In marked disagreement with leading practitioners was Agnesi’s geometrical style, which originated in her
essentially geometrical understanding of algebra and calculus.

This explains, among other things, her interest in Newton’s fluxions, and the ease with which her work was
translated into English for a British audience. At a time when the practice of calculus on the continent was moving
away from its immediate geometrical meaning, Agnesi aimed to rediscover those techniques of Cartesian geometry
designed to bridge the gap between the two fields.

This inclination explains her interest for the Oratorian tradition in mathematics, and especially for authors like
Malebranche and Charles Reyneau. The reference to Reyneau as her main source of inspiration for the Institutions
has surprised many readers, as he was hardly considered a valuable resource for mid-eighteenth-century
continental mathematicians, and was often described as a pedantic and obscure writer. To Agnesi, however,
Reyneau offered an example of how to understand recent developments in calculus within an essentially Cartesian
framework.

Agnesi believed that calculus was the most subtle branch of mathematics, and therefore that it required the highest
level of concentration and the strongest intellect. Once one realizes that for Agnesi the preeminent role of calculus
is precisely that of exercising the intellect, it becomes understandable why she decided to ignore completely its
empirical and applicative dimension.

Maria Gaetana Agnesi’s Short Biography

Maria Gaetana Agnesi was born in Milan, to a wealthy and literate family. Her father Pietro Agnesi, a wealthy silk
merchant, wanted to elevate his family into the Milanese nobility. In order to achieve his goal, he had married Anna
Fortunato Brivio in 1717. Her mother's death provided her the excuse to retire from public life. She took over
management of the household. She was one of 21 children. Maria was recognized early on as a child prodigy; she
could speak both Italian and French at five years of age. By her eleventh birthday, she had also
learned Greek, Hebrew, Spanish, German, and Latin, and was referred to as the "Seven-Tongued Orator".
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Figure 1. Maria Gaetana Agnesi

When she was fifteen, her father began to regularly gather in his house a circle of the most learned men in Bologna,
before whom she read and maintained a series of theses on the most abstruse philosophical questions. Records of
these meetings are given in Charles de Brosses' Lettres sur I'Italie and in the Propositiones Philosophicae, which
her father had published in 1738 as an account of her final performance, where she defended 190 theses.

After having read in 1739 the Traité analitique des sections coniques of the Marquis Guillaume de 1'Hopital, she
was fully introduced into the field in 1740 by Ramiro Rampinelli, an Olivetan monk who was one of the most
notable Italian mathematicians of that time. During that time, Maria studied with him
both differential and integral calculus. Her family was recognized as one of the wealthiest in Milan.

She is "considered to be the first woman in the Western world to have achieved a reputation in mathematics." The
most valuable result of her labours was the Instituzioni analitiche ad uso della gioventu italiana, (Analytical
Institutions for the Use of Italian Youth) which was published in Milan in 1748 and "was regarded as the best
introduction extant to the works of Euler." The goal of this work was, according to Agnesi herself, to give a
systematic illustration of the different results and theorems of infinitesimal calculus. The model for her treatise
was Le calcul différentiel et intégral dans I’Analyse by Charles René Reyneau. In this treatise, she worked on
integrating mathematical analysis with algebra. The first volume treats of the analysis of finite quantities and the
second of the analysis of infinitesimals.

A French translation of the second volume by P. T. d'Antelmy, with additions by Charles Bossut (1730-1814),
was published in Paris in 1775; and Analytical Institutions, an English translation of the whole work by John
Colson (1680-1760), the Lucasian Professor of Mathematics at Cambridge, was published in 1801. The work was
dedicated to Empress Maria Theresa, who thanked Agnesi with the gift of a diamond ring, a personal letter, and a
diamond and crystal case. Many others praised her work, including Pope Benedict XIV, who wrote her a
complimentary letter and sent her a gold wreath and a gold medal.

In writing this work, Agnesi was advised and helped by two distinguished mathematicians: her former teacher
Ramiro Rampinelli and Jacopo Riccati.

INSTITUZIONI
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EELLA G :\.r \I1|; ETALIANA
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A G M E S |0
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CON LICENEA DF SUFKRIONI,

Figure 2. Instituzioni Analitiche, Volume I

After the death of her father in 1752, she carried out a long-cherished purpose by giving herself to the study
of theology, and especially of the Fathers and devoted herself to the poor, homeless, and sick, giving away the
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gifts she had received and begging for money to continue her work with the poor. In 1783, she founded and became
the director of the Opera Pia Trivulzio, a home for Milan's elderly, where she lived as the nuns of the institution
did. On 9 January 1799, Maria Agnesi died poor and was buried in a mass grave for the poor with fifteen other
bodies.

Instituzioni Analitiche: Clarity And Simplicity

In the Author’s Preface to the readers, Maria Gaetana Agnesi wrote:

1 desire that the candid reader to consider that, as the Sciences are daily improving, and, since the publication of
the aforementioned book, many important and useful discoveries have been made by many ingenious writers; as
had happened likewise to those who had written before them: Therefore, to save students the trouble of seeking
for these improvements, and newly-invented methods, in their several authors, I was persuaded that a new Digest
of Analytical Principles might be useful an acceptable. The late discoveries have obliged me to follow a new
arrangement of the several parts; and whoever has attempted any thing of this ind must be convinced, how difficult
it is to hit upon such a method as shall have a sufficient degree of perspicuity, and simplicity, omitting every
things superfluous, and yet retaining all that is useful and necessary, such, in short, as shall proceed in that
natural order, in which consists the closest connexion, the strongest conviction, and the easiest instruction. This
natural order I have always had in view; but whether I have always been so happy as to attain it, must be left to
the judgement of others. (English Translation by J. Colson, 1801).

The opinions on the mathematical work of Maria Gaetana Agnesi is still controversial, mainly because she does
not discovery new analytical properties.

The work does not excel in originality; ... but it is distinguished by clarity and rigor of style and by numerous
and interesting applications; consequently... it was judged so favorably as to arouse the enthusiasm of some . . . .
(Loria, G. 1950).

Maria Gaetana Agnesi was famous in her time, mainly as an isolated, unique, female prodigy, a marvel first of
precocious learning, later of Catholic piety. Misty fame still clings to her memory, long nourished by the
occasional curiosity of mathematicians and now revived by feminists. Whether or not she was as a mathematician
important in any sense -discoverer, propagator, teacher- can be determined, but her brief and intense devotion to
elementary mathematics cannot be separated from her strange circumstances and strange life, and as her story
unfolds, a certain unity, at first unexpected, can be perceived in it. (Truesdell, J. 1989).

Luigi Pepe describes AGNESI'S book as an exposition by examples rather than by theory. (Pepe, L. 1982).
However, the same could be said of John Bernoulli’s integral calculus, written in 1691 and 1692, published in
1742. All of Euler’s books are full of examples.

Many elementary textbooks today, especially those used in courses for engineers, physicists, and economists, are
of that kind as far as concerns mathematical thought, but they usually offer redeeming examples of how to apply
calculus to problems suggested by natural or fancied phenomena. In our opinion, Maria Gaetana makes a more
general vision of problems and contributes to favour the mathematical abstraction.

The First Volume Of Instituzioni Analitiche
Maria Gaetana devoted the First Volume to “The Analysis of Finite Quantities”:

L. Notions and Operations of the Analysis of Finite Quantities

II. Equations and Plane Determinate Problems

I11. Construction of Loci, not exceeding the Second Degree

IVv. Solid Problems and their Equations

V. Construction of Loci which exceed the Second Degree

VL Method De Maximis et Minimis, Tangents of Curves, Contrary Flexure and Regression making use
only of Common Algebra

In this Volume, Maria Gaetana makes many examples and solve many problems, in order to teach to her readers
how they can use the algebraic tools. Some problems belong to the Renaissance Italian Treatise; among them, we
consider the famous Hiero’s crown question.

Hiero’s Crown Tale

For almost a hundred years, the ancient Greek city of Syracuse had been at war with Carthage. Until, in 275 BCE,
the Syracusan troops, tired of the inefficiencies of their leaders, elected commanders from amongst themselves.
One of these was a young general called Hiero. After a great battle in 265 BCE, in which Hiero led the Syracusans
to victory against their enemies, the people of Syracuse chose Hiero to be their king.

Hiero was grateful to the gods for his success and good fortune, and to show his gratitude, he decided to place in
a certain temple, a golden crown in their honour. The crown was to be shaped like a laurel wreath. Hiero weighed
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out a precise amount of gold, and appointing a goldsmith, commanded him to fashion out of the gold a wreath
worthy of the gods. The goldsmith did as he had been ordered, and he delivered to the king an exquisitely wrought
crown. The wreath seemed to weight exactly as much as the gold that the king had given the goldsmith. Hiero
prepared for the ceremony to place the wreath in the temple that he had chosen. However, a few days before the
ceremony, he heard rumours that the goldsmith had cheated him, and given him a crown not of pure gold, but of
gold that had silver mixed in it. Hiero was furious to learn that he might have been tricked and wished to determine
the truth before he punished the goldsmith. Hiero believed there was only one man in Syracuse capable of
discovering the truth and solving his problem. This was his cousin, Archimedes, a young man of 22, who was
already renowned for his work in mathematics, mechanics and physics.

The story of Archimedes and the golden crown is found in De Architectura or The Ten Books of Architecture,
written by the Roman architect Marcus Vitruvius Pollio some time during the first century BCE. This story is not
found anywhere among the known works of Archimedes, though in his book, On Floating Bodies, he gives the
principle known as Archimedes’ Principle, which states that a body partially or completely immersed in a fluid is
buoyed up by a force equal to the weight of the fluid displaced by the body.

What Archimedes had found was a method for measuring the volume of an irregularly shaped object. He realised
that an object, when immersed in water, displaced a volume of water equal to its own volume, and that by
measuring the volume of the displaced water, the volume of the object could be determined, regardless of the
object’s shape. Therefore, he could measure the volume of the crown by measuring the volume of the water spilled
from a container filled with water to the brim when the crown was fully dipped in it.

In physics, when we speak of the density of an object, we are comparing its mass with its volume, or, in simpler
words, considering how heavy it is in relation to its size. Archimedes knew that gold was denser than silver —so a
piece of gold weighing a certain amount would be smaller than a piece of silver weighing the same. Thus, if the
goldsmith had stolen some of the gold the king had given him, and replaced it with an equal weight of silver in the
crown, then the total volume of the gold+silver crown would be greater than the volume of the original amount of
gold. So now, all that remained for Archimedes to do was to compare the volume of the crown to the volume of
the amount of gold that Hiero had given the goldsmith. The simplest method of determining the volume of the
crown would have been to melt it down, shape it into a cube and measure its volume. However, Hiero had given
strict instructions that the crown was not to be damaged in any way.

Archimedes took a lump of gold and a lump of silver, each weighing the same as the crown, and filled a large
vessel with water to the brim, precisely measuring how much water was contained in the vessel. He then gently
lowered the lump of silver into it. This caused as much water to spill out over the sides of the vessel as was equal
in volume to the lump of silver. Archimedes took the lump of silver out of the water and carefully measured the
amount of water left in the vessel, thus arriving at the amount of water that had been displaced by the silver. He
again filled the vessel with water to brim, taking care to fill it with exactly the same amount of water as before. He
then lowered the lump of gold into the water, and let the water displaced by it spill out over the sides. Then, doing
as he had done with the lump of silver, Archimedes took out the lump of gold from the water, and arrived at the
amount of water that had been displaced by the gold. He found that a smaller quantity of water had been displaced
by the gold than the silver, and the difference was equal to the difference in volume between a lump of gold and a
lump of silver of the same weight. He filled the bowl with water to the brim a final time, taking care to fill it with
exactly the same amount of water as before. This time he lowered the crown into the water. He knew that if the
crown was pure gold, its volume would be the same as that of the lump of gold and that it would displace the same
amount of water as the gold. However, if the goldsmith had replaced some of the gold with silver, then the volume
of the gold+silver crown would be greater than the volume of the gold, and so the crown would displace more
water than the gold. Archimedes found that the crown did, in fact displace more water than the lump of gold of
equal weight. Thus he concluded that the crown was not pure gold, and that the goldsmith had indeed mixed some
silver (or other, lighter metal) into the gold in an attempt to cheat the king.

The method that Vitruvius says was used by Archimedes, though correct in theory, has been criticised by scientists
as too difficult to implement with the amount of accuracy that would be needed to detect a component of silver or
other lighter metal in the crown.

The largest known golden wreath from Archimedes’ time is the one pictured from Vergina. It has a maximum rim
diameter of 18.5 centimetres and a mass of 714 grams, although some of its leaves are missing. Let us assume that
Hiero’s wreath weighed 1000 grams and that a container with a circular opening of diameter 20 centimetres was
used. The opening would then have a cross-sectional area of 314 square centimetres. Because gold has a density
of 19.3 grams/cubic-centimetre, 1000 grams of gold would have a volume of 1000/19.3 = 51.8 cubic-centimetres.
Such a quantity of gold would raise the level of the water at the opening of the container by 51.8/314 = 0.165
centimetres. Next, suppose the dishonest goldsmith replaced 30% (300 grams) of the gold in the wreath by silver.
Silver has a density of 10.5 grams/cubic-centimetre and so the gold-silver crown would have a volume of 700/19.3
+300/10.5 = 64.8 cubic-centimetres. Such a crown would raise the level of the water at the opening by 64.8/314
=0.206 centimetres. The difference in the level of water displaced by the wreath and the gold is thus 0.206 minus
0.165 centimetres, or 0.41 millimetres. This is much too small a difference to accurately observe directly or

49



The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

TCHET

hw Turkimh On irwe Journul
of Ealsotianal Tsanmzingy

measure the overflow from considering the possible sources of error due to surface tension, water clinging to the
gold upon removal, air bubbles being trapped in the lacy wreath, and so forth. Additionally, the change in water
level would be even less than 0.41 millimetres if the wreath had a mass of less than 1000 grams, or if the diameter
of the container opening were larger than 20 centimetres, or if less than 30% of the gold was replaced with silver.

Medieval Treatise On Density

A Latin treatise on determining the volume or density of an object or liquid entitled “Liber Archimedis de
insidentibus in humidum” (“The Book of Archimedes on Floating Bodies™) circulated in the middle ages.
However, it is generally believed that Archimedes did not write it, although his works on hydrostatics clearly
underlie it. It possibly dates from the 12th or 13th century.

The treatise begins with fourteen definitions and six postulates, which set the stage for eight propositions. The
fourth of the propositions explains how to determine the composition of an object that is an alloy of two metals by
weighing the object in air and in water and weighing quantities of the two metals in air and in water. This
proposition thus presents a solution to the Golden Crown problem, although no specific mention is made of the
problem in the treatise.

IV. IN A BODY MIXED FROM TWO KINDS, TO DETERMINE HOW MUCH OF EACH KIND IS IN IT.

If there be given some body mixed from two known kinds of body, and if we wish to know how much of each kind
is in it, we will weigh bodies of each kind, separately, in both air and water; and we will take the excesses of the
weight of each body in air over its weight in water, and note them separately. Then we will weigh the mixed body
in both air and water, and we will note the excess of its weight in air over its weight in water. Then the ratio of the
quantity of light body present in the alloy, to the magnitude of the alloy itself, will be as the ratio of the excess
weight of the alloy to the excess weight of the lighter body.

(The Medieval Science of Weights — Scientia de Ponderibus — Treatise ascribed to Euclid, Archimedes, Thabit ibn
Qurra, Jordanus de Nemore and Blasius of Parma.)

Galileo Galilei And The Small Balance

In 1586 at the age of 22, Galileo (1564-1642) wrote a short treatise entitled La Bilancetta (“The Small Balance”).
He was sceptical of Vitruvius’s account of how Archimedes determined the fraud in Hiero's crown. The amounts
of gold and silver in the case of a crown were so small that the difference in their volumes, and the consequent
difference for water displaced, would be too small to measure with precision with the measurement methods
available to Archimedes. In his treatise, Galileo presented his own theory based on Archimedes’ Law of the Lever
and Law of Buoyancy. He also included a description of a hydrostatic balance that determined the precise
composition of an alloy of two metals.

a Cgf c b

r. b e —_—

d

Figure 3. Galileo’s Small Balance- scheme

Let us then assume that weight b is gold and that when this is weighed in water, the counterpoise goes back to e;

then we do the same with very pure silver and when we weigh it in water its counterpoise goes in f. This point will
be closer to c [than is e], as the experiment shows us, because silver is lighter than gold. The difference between

the distance af and the distance ae will be the same as the difference between the [specific] gravity of gold and
that of silver. However, if we shall have a mixture of gold and silver it is clear that because this mixture is in part
silver it will weigh less than pure gold, and because it is in part gold, it will weigh more than pure silver. If
therefore we weigh it in air first, and if then we want the same counterpoise to balance it when immersed in water,

we shall have to shift said counterpoise closer to the point of suspension c than the point e, which is the mark for
gold, and farther than f, which is the mark of pure silver, and therefore will fall between the marks e and f. From

the proposition in which the distance ef will be divided, we shall accurately obtain the proportion of the two metals
composing the mixture. So, for instance, let us assume that the mixture of gold and silver is at b, balanced in air
by d, and that his counterweight goes to g when the mixture is immersed in water. I now say that the gold and
silver that compose the mixture are in the same proportion as the distances fg and ge. We must however note that
the distance gf, ending in the mark for silver, will show the amount of gold, and the distance ge ending in the mark
for gold will indicate the quantity of silver, so that, if fg will be twice ge, the said mixture will be of two [parts] of
gold and one of silver. Thus, proceeding in this same order in the analysis of other mixtures, we shall accurately
determine the quantities of the [component] simple metals.
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In the Museum Galileo in Florence, Room VIII, there is a small, blown-glass hydrostatic balance that consists of
an arm suspended on a fulcrum at its centre. A small sealed glass sphere hangs from one end of the arm; a small
basket containing crystal fragments hangs at the other end. The balance measures the density of fluids. This is
done by immersing the glass sphere in a fluid. To counterbalance the buoyancy of the fluid and keep the balance
in equilibrium, it is necessary to place a weight (corresponding to a certain number of crystal fragments) in the
basket. The denser the fluid, the fewer the crystal fragments needed to achieve equilibrium. The instrument
combines the principles of Archimedean upward thrust and of Galileo's bilancetta (small balance).

In Galileo’s opinion, Archimedes suspended the wreath from one end of a scale and balanced it with an equal mass
of gold suspended from the other end. Then he immersed the suspended wreath and gold into a container of water.
If the scale remained in balance then the wreath and the gold had the same volume, and so the wreath had the same
density as pure gold. However, if the scale tilted in the direction of the gold, then the wreath had a greater volume
than the gold, and so its density was less than that of gold. It must then be an alloy of gold and some lighter
material.

To check the practicality of this technique let us again assume a 1000-gram wreath, which is an alloy of 70% gold
and 30% silver. Because its volume is 64.8 cubic centimetres, it displaces 64.8 grams of water. (Water has a density
of 1.00 gram/cubic-centimetre). Its apparent mass in water is thus 1000 minus 64.8 grams, or 935.2 grams. Next,
1000 grams of pure gold has a volume of 51.8 cubic centimetres, and so its apparent mass in water is 1000 minus
51.8 grams, or 948.2 grams. Thus, when both ends of the scale are immersed in water, there is an apparent mass
of 935.2 grams at one end and an apparent mass of 948.2 grams at the other end, an imbalance of 13.0 grams.
Scales from Archimedes’ time could easily detect such an imbalance in mass. Additionally, sources of error arising
with Vitruvius’s method (surface tension and clinging water) would not arise with this scale method. It should be
remarked that the scale method still works if the masses of the wreath and the gold are not equal. One simply
adjusts their distances from the fulcrum of the scale until the scale balances before dipping them into the water.

Maria Gaetana Agnesi And Crown’s Problem
In Volume I, Section I, Problem III, p.122, Agnesi introduced the question how to find the quantity of the gold
and of the silver mixed in the Hiero’s crown, if it is known the crown’s mass and the density of the gold and of the

silver.
Solution: let m be the crown’s mass, p. the crown’s density, pg the gold’s density, ps the silver’s density. We
9 9 . . . . . .
suppose that Z—g = # and I;—g = % . If x is the weight of the gold, the weight of the silver is m-x. Then, if we
S 5 c
considers the volumes, we have
1 1

- 19-10-3)x  (17-10-3)m 90
2o We solve:( f) = ( 31) and then x = —m.
1719 1045 19(10+3) 17(10+3) 221

If, for example, the mass of crown is 5 marks (about 1174.98 grams), x is about 1010.17 grams and m-x is about
164.82 grams. Mark is the ancient weight measure’s unity for the precious metals.

Father Paolo Romeo Da Siderno Solution
In 1842, Paolo Romeo da Siderno, published the book Lezioni elementari di aritmetica propriamente dimostrativa
(Elementary lessons in demonstrative mathematics). In this book (Lecture XXXIX “About the problems solved
with the rule of Alligation”, p.191), he shows his solution of the Hiero’s problem as a special case of the rule of
alligation. The mathematical operation called “alligation”, a term that means “tying together”, was usually
presented near the end of arithmetical texts, presupposing a knowledge of the rules of proportion.
There are two main types of alligation: “alligation medial” for simple problems and “alligation alternate” for use
when varied quantities and elements are to be mixed. Most commonly, the examples used to explain alligation
involved grains, metals, wines or spices.
Father Paolo says that we must produce two crowns similar to the Hiero’s crown. The first is made of pure gold
and the second made by pure silver.
Weight of the goldsmith crown= 15
Weight of the gold crown= 19
Weight of the silver crown= 10
Difference between the goldsmith crown and the silver crown=5
Difference between the goldsmith crown and the gold crown=4
Sum of the differences=9

Therefore, Padre Paolo concludes that in the goldsmith crown we have that g are in gold and % are in silver.

The Second Volume Of Instituzioni Analitiche
Maria Gaetana devoted the Book III of the Second Volume to “Integral Calculus’:
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L Rules of Integrations expressed by Finite Algebraical Formulae, or which are reduced to supposed
Quadratures

II. Rules of Integrations, having recourse to Infinite Series

1. The Rules of the foregoing Sections applied to the Rectification of Curve-lines, the Quadratures of
Curvilinear Spaces, the Complanation of Curve Superficies, and Cubature of their Solids

IVv. The Calculus of Logarithmic and Exponential Quantities

Among the problem that Maria Gaetana solved in Section IV, we consider the application of logarithm to a problem
of everyday life, that we can find in more elementary form in Luca Pacioli’s De Viribus Quantitatis.

Application Of Logarithm

In Book 111, p.244, Maria Gaetana introduced this problem:

A vessel being given of a known capacity, full of any liquor, suppose wine, out of which is drawn a draught of a
given quantity and then the vessel is filled up with water. Of this mixture of wine and water another draught is
drawn equal to the former, and the vessel is again filled up with water. Again of this mixed liquor another such
draught is drawn out; and the same operation is continually repeated in the same manner. It is demanded how
many such draughts may be drawn out, or how many times the operation must be repeated, that a given quantity
of wine may be left in the vessel.

Solution

a= vessel capacity

b= quantity of each draught.

In the first draught, a quantity of wine equal to & is removed, and because we add a quantity of water equal to b,
the quantity of wine in the vessel is equal to a-b.

In the second draught, will be drawn out the quantity b of the mixture, so that to have a quantity x of pure wine
ab

. . . -b? . .
contained in the vessel, we must make this analogy: a: b = (a — b): x. Then x = s the quantity of pure

wine that is drawn out at the second draught, and there remains in the vessel the quantity of pure wine
a?-2ab+b? _ (a—b)?

a a
In the third draught, will be drawn out the quantity b of the mixture, so that to have a quantity x of pure wine
. . . -b)? b(a-b)?
contained in the vessel, we must make this analogy: a: b = % :x. Then x = (aaz )
wine that is drawn out at the third draught, and there remains in the vessel the quantity of pure wine

(a —b)? _b(a—b)2 _ (a-b)3

is the quantity of pure

a a? a?
Then, after n draughts, there will be left in the vessel the quantity of pure wine
(a—-b)"
an-1

Therefore if we want to know how many draughts must be taken so that there should remain in the vessel a given
quantity of pure wine, for example % part of the whole, we must solve the equation

(a—b)" a
al  m
Where, because 7 is an unknown number, will be an exponential quantity.
(a=—b)" a (a—b)" a
BTl => logW = log% = nlog(a — b) — (n — 1)loga = loga — logn =

logm
loga — log(a — b)

nlog(a — b) = nloga —logm = n =

Conclusions

We think that pre-university students can acquire the fundamental mathematical ideas using also everyday
problems. From this point of view, we can use many suggestions and examples, contained in Agnesi’s Books. If
we propose these arguments or problems by means of laboratory instruments, flipped classroom techniques, or by
didactical methods that you prefer, we think that the media are different but the meaning is the same.
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Abstract

The purpose of this study is to explore a multicultural community of married immigrant women as an ethnographic
case, and to discuss the cultural implications of this community for Korean society and immigrants. The research
site for this study is a “peace room” which has a ten-year history as open community for married immigrant women.
We visited the peace room every week from March to June 2016, and collected data through participatory
observation and interviews. We interviewed twelve married immigrant women in the community. We found that
cultural practices in the peace room were not focusing on overturning or resisting to the existing values or order.
Instead, the married immigrant women who participated in cultural practices in the peace room positively
understood, experienced, and utilized the value of the rural mainstream society. We found that the efforts of the
multicultural community to adapt to Korean value and language have led to meaningful changes for both the
village and the married immigrant women. This study suggests that married immigrant women can act as cultural
agents in the society.

Keywords: Daily cultural community, Rural, Married immigrant women, Ethnography, Peace room

Introduction

This study considers a multicultural community in a rural area as a 'daily cultural community.' The purpose of this
study is to present the characteristics of the multicultural community as an ethnographic case and to discuss its
cultural implications in Korean society.

Until now, multicultural policy in Korea has focused on married immigrant women as a primary target and worked
on educational programs for those women and their children. Particularly, for adaptation of married immigrant
women to Korean society, Korean society has dealt mainly with their issues of adjustment, identity formation, and
social interaction, based on the public education system such as 'Multicultural (Education) Center.' However, there
is criticism that there is no multiculture in the curriculum (Joongang Sunday, April 9, 2017). It is said that the
multicultural center should be called as ‘Korean culture center’, if foreigners merely learn how to learn Korean
and how to make Kimchi in the center. Although cultural absorption rather than coexistence of culture has been
sought as criteria to evaluate their adjustment or maladjustment, Korea should be aware of a reality that there are
2 million immigrants and about 140,000 married immigrants (7% of foreigners).

Many studies have focused on the cultural practices of everyday life, such as family life, food, language, and
education, which are experienced by married immigrant women in their adaptation process to Korean society (Kim,
2014; Kim, 2014; Oh et al, 2014; Yoon, 2005). These studies assume that it may be danger of fixing a reality as a
stereotyped image, if representation is based on those women’s statements without considering patio-temporal
contexts in their adaptation processes. Thus, it is also culturally significant since it focuses on those women’s
everyday cultural practices such as consciousness and emotion

Ethnography Site

Panorama of a open room

This study’s research field is located in a home of a severely handicapped couple, who is living in a rural village
in J-district, A city. This research field is referred as a “peace room.” The peace room started from an accidental
meeting of a Philippine woman who lived in the village as a married immigrant woman in 2007 with another
woman Su (pseudonym). At that time, Su took the role of friend and Korean teacher at her request, and B social
welfare office in A city proposed to make a multicultural program together. As a result, they gathered married
immigrant women in and out of their village to establish the peace room in 2008, and then work on the program
with the social welfare center’s administrative and financial support. It has a similar aspect to public programs
such as multicultural centers. On the other hand, it has a similar character to 'self-help group'. As B social welfare
center have been working their own multicultural programs since 2016, the support for the peace room has been
discontinued.
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The peace room is open on Tuesdays, and its programs consist of classes, communal meals, and other activities in
this order. Class starts at 11:00 am and participants have lunch at 12:00 pm. After married immigrant women finish
washing dishes, it is common to talk about classes and daily life while drinking tea for an hour. In the afternoon
classes, a lot of intensive activities can be taught. For example, married immigrant women can receive kimchi or
Korean soybean paste from kitchen or gardens. During this time, they can share clothes or children's toys, which
are donated by cathedrals or individuals. They can visit the married immigrant women's farm and distribute the
harvests, such as onions and potatoes. Table 1 shows a daily schedule of programs.

Researchers collected data by observing the peace room’s classes from March to June 2016. We visited the peace
room every week and collected data by participatory observation, individual and group interview. When it was
difficult to visit due to the researcher's personal affair, a research assistant with field research experience conducted
three observations.

Table 1. Daily schedule
Communal Meal (12-13pm)

Curry rice

Other activities (13pm-)

sharing used clothes

Curriculum (11am-12pm)

Making Korean soy sauce

Vietnamese spring rolls &

entrance ceremony noodles

Curry rice, pancake, white
Kimchi, rice wine & beverage,
fruits

Social welfare office paid all

Visiting D community hall Singing contests

black-bean-sauce noodles exhibition

BOT BANH XEO (Vietnamese
festival food)

Gimbap (Korean rolls)

Making crafts with old stamps 1

Video recording by KTV 30th Anniversary of wedding

Cherry-blossom trip

Group interview Bibimbap, rice cake rummage sale of used clothes

holiday

Jang-Mul black-bean-sauce noodles

Making natural soap

Teacher’s day Vietnamese noodles Dutch payment
Visiting to Gumi Su paid by herself
Making crafts with old stamps 2 Bibim noodle exhibition

Making scrub brush Soy noodles Collecting mugwort
Studying English Jab-chae rice
Studying English Soy noodles Harvesting onions in D’s farm

Visiting J community hall

Chicken soup, pancake, rice
wine & beverage

Social welfare office paid all
Collecting potatoes in F’s farm

Studying English Stir-fry of chicken Collecting potatoes in D’s farm
Closing ceremony & sweeping day | Curry rice
Party at cafeteria Duck & pork belly Su paid by herself

Karaoke bar

Complexity of position and adaptation problems of married immigrant women

Women who participated in the peace room have grown up in different environments and have lived in Korean
society with various stories. Multicultural women are never homogeneous, and have a variety of personality and
reality. Even if they are from the same nationality, there are significant individual differences such as childhood
(raised) background, education level, health, personality, and relationship with family-in-law. Therefore, in order
to fully understand the adaptation issues of those women, it is necessary to consider the position of each one of
them in the Korean society and the socio-cultural practices.
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Table 2. Participants’ information

Entrance Etl.m.lc Children Occupation Matchmaking | Attendance Rea§ on to
year origin of husband participate
A 2008 Vietnam 2boys Agriculture agency 50% hearsay
1bo A’s
B 2012 Vietnam 1 ir}ll Agriculture agency 50% Introduction
& (3.3.2015)
B’s
C 2011 Vietnam 1boy Agriculture agency 60% Introduction
(5.2.2015)
D 2008 Vietnam 1boy Agriculture agency occasion Same village
2008 Vietnam ig?r}ll Agriculture Agency Occasion Same village
F 2007 Cambodia 1girl Agriculture agency occasion Same village
G 2007 Philippine 1boy Agriculture Unification occasion Same village
church
. F’s
0
H 2008 Cambodia none Jobless agency 50% Introduction
I 1996 Japan lb.oy Jobless Unification 90% Herself
4girls church
1bo Meeting in a
J 1995 Vietnam 1 ir}ll Business agency 100% cathedral
& (3.2012)
Friend’s
K 2010 Vietnam 1girl Business agency 100% introduction
(3.2012)
Civil Friend’s
L 2008 Vietnam 1girl ser\)/an t agency 70% introduction
(3.2012)
K’s
M 2014 Vietnam 1girl Business agency 70% introduction
(3.15.2012)
. s
N 2000 Vietnam llb(i)r}ll egug;:tlzilt agency 40% introduction
& p (3.15.2012)

Table 2 is the overview of multicultural women who participated in the first semester of 2016 class. This gathering
includes a large number of women from Vietnam, but they come from a variety of nationalities, including
Cambodia, Philippine and Japan. It is always open to any participant woman regardless of the country of origin or
the year of entry. It is different from the 'self-help group' organized by the country of origin.

Strategies and Cultural Practices to Live in Patriarchal Rural Society

The social pressures and expected role behaviors imposed on married immigrant women in multicultural family
in Korean rural societies can be summarized as "obeying the husband and honoring the elders of the family". It is
the same in the peace room.

1 strongly recommend married immigrant women to behave good in family-in-law and obey
husband. I cannot help but emphasize this, otherwise they will be the one who suffer (Su, April
12).

It is not appropriate, if the peace room is understood as being absorbed in the patriarchal dominant ideology of
Korean rural society. We should consider a special situation that the person in charge of the peace room is
handicapped couple and that married immigrant women are in the weakest position in the society. Considering
their social situations, it is hard for them to assert or act on their rights. Although the peace room repeatedly
emphasized honor to parents-in-law and obedience to husband, it also asked those women to be more active and
aggressive in dealing with individual problems or situations.
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Mprs. 00 told me that she was hit once, so I told her to report to the police. I kept telling her
never to bear such a thing like that (Su, June 14).

Since my husband is a public official, my mother-in-law is holding the household economy. She
does not give money to me. She says, “If I give you the money, you will leave the family.” So I
go work at the mushroom factory or farming house (L, April 12).

When a husband's violence occurs, Su advises active coping strategies such as "reporting to the police." And when
a Korean mother-in-law puts severe economic constraints for the control of daughters-in-law, Su recommends
married immigrant woman to build their own ability to have economic power. Main curriculum of the peace room
is to visit community hall and senior center twice a semester, fourth a year. The purpose of this program is to
provide an opportunity to learn the value and language of the mainstream group and use it as a tool of persuasion
in everyday life. Filial piety by sharing the food with the seniors who live alone or visiting the town hall to talk to
the elderly people, and the performances for married immigrant women’s children is combined with the solidarity
of local community, the welfare of the elderly people, and the awareness of married immigrant women. In other
words, married immigrant women’s activities are emerging as cultural practice with new meanings. This practice
has been an important opportunity for positively changing the existence of those women and the peace room in
villages and local communities.

The elderly people remind me of my grandparents in Vietnam. I believe that my children will
take good care of me with love when I get old as I do it the same way to elderly people. I felt
good because they enjoyed the food I made (A, June 14).

Married immigrant women can feel that they are getting better during involvement of activities that they mentioned.
Their scope of activities are gradually expanding from one village hall to currently two town halls and two elderly
halls. In this way, the peace room is creating interactions with local communities and emotional sympathy. In
addition, as married immigrant women have served food in the village where they live, their own presence has
been emerging. It is dangerous to misunderstand the change of perception of village residents as a result of program
such as visits to the elderly halls. Apart from the activities of the peace room, it has been several years since
married immigrant women entered the village, and it is possible to accompany natural change of village residents’
perception. Nevertheless, it is clear that married immigrant women have the opportunity to show their presence
inside and outside the village through these activities. Married immigrant women may have confidence to
contribute to their village or community. These activities are noteworthy in terms of cultural studies, because it is
related to the recovery of self-esteem and positive self-identity.

Conclusion

As a cultural experiment in microscopic and everyday unit, this study is to investigate the case of cultural practices
in a community, the responses of the rural society to the multicultural coexistence, and thus the possibility of
formation of new social order. The research does not focus on how married immigrant women were absorbed into
a single culture, but how they shared and resolved the situation and conflicts encountered in daily life of individuals.
Ten years history of the peace room has been marked by social conflict, exclusion, and prejudice in the relation of
external groups. Cultural practice, which has been emphasized in this process, was not based on overturning or
resistance to existing values or order. But rather, adaptation strategy sought by the peace room is a way of
positively accepting and utilizing such values as 'filial piety' and 'traditional virtue' which were emphasized in the
rural mainstream society.

However, it is unreasonable to understand those women as passive ones which their actions and practices are
utilized by the dominant ideology. It should be taken into account that the disabled couple as the operators of the
peace room, and the marriage immigrant women as main participants in the peace room were not in a position to
positively express their rights in reality. However rather, they have sought cooperation with the villages and local
communities through cultural practices such as accepting and utilizing the value and language of existing
mainstream society. Typical activities are as follows: visiting community centers, serving food to the elderly, or
playing with them. Thus these activities were forming exchanges and emotional bonds with the villages and
communities. These cultural practices in daily life have actually led to meaningful changes in villages and
communities. For example, attitude of the elderly who refused those women using or visiting the village hall from
the beginning has changed to the approval of the existence of married immigrant women. It is also worth of taking
note of cultural asset that married immigrant women have self-esteem and positive identity formation.
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Abstract

This paper deals with a possible redesign of the course Mathematics for Economists, a compulsory undergraduate
introductory mathematics course taught at the University of Economics, Prague. As an inspiration for this redesign,
we have chosen massive open online courses, due to their recent popularity and much discussion of their impact
on traditional university teaching process. Although there are many vital aspect that have to be taken into account
for a successful and meaningful redesign, in this paper we focus on the students' perspective — their learning
experience, expectations and other aspects. The data needed for this research were collected using in-class
observation during recitation sessions of the course by the author of this paper, a teaching assistant for the course,
and using an anonymous paper survey conducted by distributing questionnaires to students enrolled in three of
total twenty-nine recitation groups of the course in summer term 2017/2018. The main findings show that students
spend, on average, 4.8 hours per week on the course, not including preparation for the interim test, final test, and
oral exam, which amounts to additional 42 hours, on average; students attend recitations far more often than
lectures; and they value most the interaction with teacher's assistant over particular problems encountered during
their study, substantially more than revision of theory or methods used to solve problems. These basic findings, as
well as results of an experiment of Massachusetts Institute of Technology allowing students to replace a traditional
university course by its MOOC version, has lead us to a proposal of new course design. The core characteristics
of this proposal are the usage of pre-recorded lectures and tutorials, compulsory online homework and recitations
dedicated mostly to addressing particular difficulties encountered by students while engaging the former course
components.

Brief History Of Moocs

The term massive open online course (MOOC) was probably first used [Cormier, 2008] by David Cormier from
University of Prince Edward Island in a Skype conversation with George Siemens, one of the authors of the course
Connectivism and Connective Knowledge. This course is now considered as one of the first cMOOCs, i.e. MOOCs
based on the principles of connectivist pedagogy. Our interest, nevertheless, is in the so called xXMOOCs, whose
structure more closely follows the structure of traditional university courses — the syllabus of the course is given
in advance, sometimes including deadlines for assignments and tests, and the backbone of the course usually
consists of recorded lectures, followed by individual assignments, sometimes group activities, and moderated
discussions.

Today, there are many providers of MOOCs, some commercial, other non-profit, some founded by universities,
other by private companies established primarily for that purpose. Two of the most notable providers are edx.org,
created in 2012 by Massachusetts Institute of Technology and Harvard University, and Coursera, founded also in
2012 by Stanford University professors Andrew Ng and Daphne Koller.

Since we are interested primarily in the possible use of MOOC principles and tools in redesigning traditional
university courses, let us now focus more on edx.org, a platform founded and closely collaborating with
universities from all over the world. As this day, edx.org offers over 2000 different courses in subjects as varied as
architecture, computer science, ethics, food and nutrition, chemistry, law or physics, and provided by a growing
number of institutional partners including MIT, Harvard University, Caltech, ETH Zurich or Kyoto University; as
of today, it has now more than 14 million students from all over the world, with over 52 million individual
enrollments across the courses it offers.

Introduction

A traditional undergraduate course in mathematics usually consists of two basic components — lectures and
recitations. During the lectures, attended by a large number of students in one group, the lecturer presents the
topic, explains theory, gives basic examples and solves a few typical problems related to that topic; students are
usually expected to follow the lecture completely without or with only limited interaction between them and the
lecturer. The lecture is then followed by recitations; students are divided into a larger number of smaller recitation
groups and engage the topic being studied individually or in small groups under the observation and in interaction
with teacher's assistant, solving problems, discussing challenging topis, recalling the theory they learned during
the lecture.

The course Mathematics for Economists has been taught this way for more than 10 years. It is a one-semester
undergraduate course offered to students of University of Economics in Prague both during the winter and summer
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term. As a compulsory subject for various study programs, is is attended every year by a large number of students
from five different faculties of the university. In the summer semester 20017/2018, 733 students were enrolled in
the course; they were divided into 7 lecture groups and 29 recitation groups, so that every lecture group consisted
of approximately 100 and every recitation group of approximately 25 students. Students are expected to spend
26+26 hours per semester attending lectures and recitations, 26+26 hours preparing for them, 13+13 hours
preparing for the interim and final test and 26 hours preparing for the final oral exam; the expected workload
makes this course worth 6 ECTS credits. The course covers basic topis in undergraduate mathematics — linear
algebra and matrices, convergence, differentiation, integration, functions of two variables and differential
equations. Apart from the lectures and recitations, another study resource is available to students — the textbook
Mathematics for University of Economics [Klufa, 2016], written especially for the course.

The main topic of this paper is the question whether and how such a course could be redesigned in the light of the
experience gathered from courses run on MOOC platforms like edx.org. This, of course, is in no way a small
matter, as various aspects play vital role in any possible new design of a compulsory university course — material
and personal capacities of the department providing such a course, different requirements on the content of the
course from all the faculties to whose students the course is offered, the role of the course in different accredited
study programs et cetera. The scope on this paper does not allow us to address all the perspectives of this task; we
have decided to focus here on the students' perspective — their learning experience, expectations, and the amount
of knowledge attained.

Methodology

During the summer term 2017/2018, the author of this paper was a teacher's assistant for three recitations groups
of the course Mathematics for Economists. Apart from occasional in-class observation during the recitations, the
data for this paper were collected using an anonymous paper survey. In the twelfth of the thirteen weeks of the
semester, the students present at the recitations (38 out of total 75 enrolled in the three recitation groups) were
asked to fill out survey questionnaires. The questions and possible answer choices are presented below.

What percentage of the lectures have you attended to? (100-80%, 79-60%, 56-40%, 39-20%, 19-0%)
What percentage of the recitations have you attended to? (100-80%, 79-60%, 56-40%, 39-20%, 19-0%)
Have you or do you intend to pay a private tutor to help you study for this course? (yes, no)

With respect to your study program, do you understand why this course is compulsory for you? (yes,

rather yes, don't know, rather no, no)

5. With respect to your study program, do you understand why you are to study the main topics of this
course, i.e. vectors, matrices, derivatives, integrals, differential equations? (yes, rather yes, don't know,
rather no, no)

6. How many hours per week on average have you spent preparing for the course during the semester? (open
question)

7.  How many hours have you spent preparing for the interim test? (open question)

How many hours do you expect to spend preparing for the final test and oral exam? (open question)

9. Do you find yourself to struggle with understanding the basic methods used to solve problems? (yes,
rather yes, don't know, rather no, no)

10. Do you find yourself to struggle with solving problems on your own? (yes, rather yes, don't know, rather
no, no)

11. Do you find yourself to struggle with understanding the theory? (yes, rather yes, don't know, rather no,
no)

12. If parts of the lectures were video-recorded, would you use as a study resource the parts explaining the
theory and basic notions? (yes, rather yes, don't know, rather no, no)

13. If parts of the lectures were video-recorded, would you use as a study resource the parts explaining how
to solve typical problems? (yes, rather yes, don't know, rather no, no)

14. If parts of the recitation were video-recorded, would you use as a study resource the parts explaining how
to solve typical problems? (yes, rather yes, don't know, rather no, no)

15. If parts of the lectures were video-recorded, would you use as a study resource the parts explaining how
to solve untypical problems (unusual methods and “tricks™)? (yes, rather yes, don't know, rather no, no)

16. If it were possible to spend an hour with your teacher's assistant preparing for the final exam, would you
like to revise the theory? (yes, rather yes, don't know, rather no, no)

17. If it were possible to spend an hour with your teacher's assistant preparing for the final exam, would you
like to revise the basic methods used to solve problems? (yes, rather yes, don't know, rather no, no)

18. If it were possible to spend an hour with your teacher's assistant preparing for the final exam, would you
like to consult particular difficulties you have encountered while studying the theory? (yes, rather yes,
don't know, rather no, no)

19. If it were possible to spend an hour with your teacher's assistant preparing for the final exam, would you
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like to consult particular difficulties you have encountered while solving problems? (yes, rather yes, don't
know, rather no, no)

The questionnaire was designed to gather data not only for this paper, but for other research as well. That is why
we will not include all of the questions in our analysis; nevertheless, for the sake of completeness, we present the
questionnaire as a whole.

Data Analysis And Summary
The data gathered from the questionnaires show the following:
e Out of 38 students, 8 payed or intended to pay a private tutor to help them study for the course.
e On average, students spent 1.8 hours per week preparing for the course during the semester.
e  On average, students spent 11.7 hours preparing for the interim test.
e On average, students expected to spend 30.3 hours preparing for the final test and oral exam.

During the semester, students are expected to spend 1.5 hours per week at lectures and 1.5 hours per week at
recitations. Thus, spending 1.8 hours per week preparing for the course at home makes home-study more time-
consuming activity then both attending lectures and recitations.

Figure 1 and Figure 2 summarize students attendance of lectures and recitations.
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Figure 2

This data suggest that students clearly prefer recitations to lectures, yet it has to be mentioned that the data were
collected at a recitation session. While data collected at a lecture might give a different picture, it is a general
experience (although not supported by any measurement) that students of the course tend to attend recitations more
often then lectures. Preference of recitations to lectures could be explained by the fact that students value direct
interaction with teacher's assistant during recitations and the possibility to engage the topic being studied and
related problems on their own, but with teacher's assistant present to help in real time. This explanation is supported
by the students answers to the last four question in the survey. Figure 3, presenting the distribution of answers,
clearly shows that students prefer consulting particular difficulties they have encountered while studying the theory
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(consult theory column) or while solving problems (consult problems column) to revising theory (revise theory
column) or methods used to solve problems (revise problems column).

35
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% 20 W revise theory
= m revise problems
- 15 consult theory
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S 10 :
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o ‘ll.ll.

rather yes don't know rather no

Figure 3

As can be easily seen from Figure 3, students are more interested in teacher's assistant's help with problems than
with theory.

The last piece of data relevant to our research interest, Figure 4, summarizes students' intentions to use potential
video-recorded lectures as a study resource. In questions 12 to 15 students were asked whether they would use
video-recorded parts of lectures explaining theory and basic notion (lecture theory column), explaining how to
solve typical problems (lecture problems column), or recorded parts of recitations explaining how to solve typical
(recitations typical column) or untypical problems (recitations untypical column).
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Figure 4

Once more, Figure 4 shows students inclination to focus in their preparation for the final exam more on problems
than on theory, yet this preference is not as much decided as in the previous set of questions; nevertheless, the
rather high number (20 out of 38) of students who are not interested in revising theory with teacher's assistant is
not paralleled here, the number of students who would not use video-recorded lectures explaining theory is very
low.

An Experiment: Mooc For On-Campus Students
During the fall semester 2016, Massachusetts Institute of Technology (MIT) has decided to conduct an experiment
— MIT students were allowed to enroll in the edX version of Circuits and Electronics course instead of the
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traditional on-campus version of the same course; the outcomes of the experiment are summarized in a report
[Marshall, 2017]. Although the key components of MOOC courses (video lectures, online discussions and quizzes,
interactive learning environment) have been used in university education for decades, this was arguably the first
time when resident university students could finish a compulsory course completely on-line, without ever meeting
instructor of the course or teacher's assistant. This makes this experiment considerably different from other
approaches to usage of communication and audio-visual technologies in education, such as the concept of flipped
classroom, in which students are typically supposed to watch recorded lectures on their time outside of classroom
and the work usually considered homework is performed in class under supervision and in interaction with
teacher's assistant.

For our paper, the following findings of the report [Marshall, 2017] are of interest — the distribution of grades of
students enrolled in the MOOC version of the course was comparable to that of students attending traditional
lectures and recitations; although students of the MOOC version were encouraged to come to on-campus office
hours, only few used that opportunity; online homework was seen as useful by students, since it allowed immediate
feedback; the MOOC version of the course was rated by students as less stressful.

Redesigning The Course

As we have seen, a typical student of Mathematics for Economists spends, or is supposed to spend, 3 hours per
week in lectures and recitations, and 1.8 hours by studying out of classroom; thus, in total 4.8 hours per week are
dedicated to the course. As from the students' perspective it is clearly not desirable to increase the amount of time
spent on the course, let us now try to envisage a possible redesign of the course that does not exceed the limit of
4.8 hours of expected studying per week. This new design should also take into account the students' preference
to attend recitations rather than lectures, the fact that they are prepared to use video-recorded lectures in their out
of classroom study, and the clear tendency to value more the possibility to consult particular difficulties they have
encountered than presentation and revision of the material to be mastered.

It seems reasonable to use per-recorded lectures, as studies show students find them more valuable than live
lectures [Cardall, Krupat, Ulrich, 2008]. Experience shows [Kajimoto, 2016] that pre-recorded lectures tend to be
less repetitive than traditional face-to-face lectures and therefore it takes less time to cover the same amount of
material. Let us thus suppose that instead of 1.5 hours of traditional lecture the average amount of time for pre-
recorded lecture material would be 1 hour per week. Pre-recording would also allow for the possibility of slightly
prolonging or shortening the lecture depending on the topic being covered, an advantage to traditional lecture
where the amount of time available is given by the schedule.

From the author's experience as teacher's assistant, about one third of time of a recitation session is spent in frontal
delivery of content to students (usually solving typical problems and mentioning some tricks and untypical
approaches), in the rest of the session, the students are working on problems themselves under teacher's assistant's
supervision. The first part, frontal context delivery, could again be pre-recorded. In total, pre-recorded content
would thus comprise of approximately 1.5 hours of audio-visual material — 1 hour of lecture and 0.5 hour of
recitation/tutorial.

Thus, instead of attending lectures and recitations, students would be expected to watch this material out of class.
Recitations session could then be fully dedicated to teacher-student interaction which is valued most. It does not
seem reasonable to try to avoid recitations completely or to opt for shorter recitations; both our data and other
studies [Griffiths, Mulhern, Spies, 2015] show high perceived value of interaction with lecturers or teacher's
assistants. But, as we have seen, students are most interested in consulting particular difficulties they have
encountered in their own preparation for the course, so it would indeed be helpful it they came to recitations after
they first tried to solve some problems of their own. This could be arranged for by including some amount of
online homework after the pre-recorded content. The homework should test basic understanding of theory and
methods of problem solution, so that students would have a chance to identify fundamental misunderstanding or
gaps in understanding of the concepts and methods they are expected to master that week and thus potentially
come to recitation session with particular questions and challenging topics. Based again on in-classs observation
and experience, the expected time spent on such homework assignments should be between 0.5 and 1 hour,
depending on the student's mastery of the subject.

This takes us to the following redesign proposal; a typical weekly workload should comprise of

e approximately 1 hour of pre-recorded lecture focused mainly on theory and concept mastery
approximately 0.5 hour of pre-recorded recitation/tutorial focused on problem solutions
online homework, between 0.5 and 1 hour, depending on student's mastery of the subject
in-class recitation session of 1.5 hour
possible self-study and office hours, depending on the student's consideration and needs

The total time demands of the first four points in our proposal are between 3.5 and 4 hours per week; having in
mind that students of Mathematics for Economists nowadays spend 4.8 hours on average on the course, this still

63



The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

leaves 0.8—1.3 hours for self-study and office hours while not increasing the amount of time students have to
designate for their study. It might even be expected that students will not even need that much time for their own
preparation, as the recitations are to be expected more effective, since the new course design leads the students to
come to recitations more prepared than before.

As we have also already seen, students of Mathematics for Economists spend 42 hours on average in total preparing
for the interim test, final test and oral exam. The pre-recorded lectures and recitations/tutorials are one more study
resource the students would gladly use, as our survey clearly show. It can be argued that added value of such a
material is the fact that it is the very same material from which the students learned the subject for the first time,
thus making their recalling easier and more effective than in the case of real-time face-to-face lectures to which,
of course, the students cannot return and thus rely solely on their own notes.

Another advantage from the perspective of students is the fact that the new design demands only 1.5 hour of in-
class time per week, instead of 3 hours of the traditional design (1.5 hour of lecture and 1.5 hour of recitation).
This makes it easier to fit the course into their schedule and allows more time for facultative courses and
extracurricular activities.

The inspiration for this design by MOOC:s is clear; it can even be said that the first three components of our course
design (pre-recorded videos and online homeworks) could stand alone as a MOOC. The only crucial aspect of a
MOOC that is missing is online discussion forum. There is clearly no need for that, as instead of online discussions
there are weekly recitation sessions. It should also be noted that our concept does not really fit under the concept
of a flipped classroom, as in a typical flipped classroom some of the content is delivered in-class, whereas in our
design, all the content is already present in the pre-recorded lectures and tutorials and recitations serve more as
group office hours, being dedicated primarily to addressing particular problems students have already encountered
during their study for the course.

Conclusions

In this paper, we have tried to suggest a redesign of the course Mathematics for Economists based on the experience
of usage of MOOC:s in traditional university setting and on the data gathered from students of the course
mentioned. The main guideline for this redesign was the perspective of students, thus all the other vital
perspectives, that of the department providing the course, of demands of the faculties to whose students the course
is offered, or of various study programs accreditations, were set aside. The resulted course design comprises of
three core elements, duration given per week — about 1.5 hour of pre-recorded lecture and tutorial material, 0.5—1
hour of online homework, and 1.5 hour of in-class recitations.

Various possibilities for further research are clearly at hand. First of all, it would be necessary to take into account
the other perspectives mentioned in the previous paragraph before a project of new course design could move to
another phase. The next logical phase would be that of testing the new design, either some components of it
separately, as add-ons to a traditional course, or as a whole, for a selected group of students. In this phase,
possibilities for research would be numerous, yet as for now, this stage still lies, if it comes to that point at all, in
a distant future.
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Abstract

In this empirical research paper, I seek to answer the question: How does working life benefit from UAS master’s
theses? My goal is to demonstrate how master’s students of the Degree Programme in International Business
Management (IBMA) at Haaga-Helia University of Applied Sciences (UAS) in Finland bring business benefits to
organizations with their master’s theses as work development projects. For this purpose, I collected and analyzed
qualitative data from 91 organizations during the period of 2007-2016. This qualitative, thematic analysis shows
that organizations benefit from UAS master’s theses. The benefits proved by Finnish managers are very tangible
ones, such as internationalization strategies, digital marketing plans, market research and analysis, training
programs, communication plans, and so on. The empirical contribution of this paper is significant to employers of
UAS master’s graduates, UAS business educators, and educational policy makers. The findings increase the
awareness and competitiveness of UAS master’s graduates in the job market. Furthermore, they show how and
why business and academic collaboration is critical.

Keywords: Master’s thesis, business benefits, business and academic collaboration, university of applied sciences

Introduction

In the knowledge economy, the traditional university faces new challenges and opportunities because it cannot be
considered anymore as the sole contributor to knowledge creation. ‘For universities the question is not only how
to create usable research knowledge or find the needed knowledge, but also how to become a partner, act in
dynamic innovation networks, combine knowledge from several sources and co-create it with other organizations
to contribute to industry innovation and society as a whole’ (Laine et al. 2008, 9). Nowadays knowledge is
perceived more broadly, i.e., epistemology of knowledge is extended to practical, empirical knowledge. While
traditional universities play an important part in basic research as producers of theoretical knowledge, universities
of applied sciences (UAS), by focusing on applied research, produce knowledge that brings practical benefits for
businesses.

The topic of academic and business collaboration is not new, but it has become more important as the benefits of
collaborative, social learning and knowing become imperative. Wenger (2005, 214) argues that communities of
practice as living contexts are places not only for knowledge acquisition, but also for knowledge creation. Tulkki’s
view is that ‘Universities of applied sciences are in a key position in guiding and enriching the flows of knowledge
... (they) act as the testers and forerunners of learning wisdom’ (Tulkki 2008, in Laine et al. 2008, 124-5). The
master’s thesis in a UAS is an excellent example of social, collaborative learning in practice in a rich learning
context, in an ecosystem where business problems are solved together (Jakubik 2017).

Since August 2005 in the Finnish higher education system, both traditional universities and universities of applied
sciences (UAS) provide master’s degrees. However, Ojala (2017) in her doctoral dissertation argues, ‘Compared
to the master’s degree from traditional universities graduates of the UAS master’s degree believed that the degree
generates more competence than competitiveness.” Ojala surveyed UAS master’s graduates and employers. Based
on a survey of 72 employers in 2012 Ojala concludes, ‘Employers indicated that the increased value of the UAS
master’s degree was its focus on work and practice, as well as increased specialist expertise.” She adds, ‘Employers
... were satisfied with how the education responds to the requirements of working life.” My objective in this paper
is to verify her cross-sectional (2012) results with an extended, longitudinal, 10-year qualitative data analyses
based on feedback from 91 Finnish managers, employers of UAS master’s graduates.

This research is needed because of the different status and competitiveness of master’s degrees from traditional
universities and universities of applied sciences on the labor market and because there is a need for more
clarification of the business benefits for employers of the UAS master’s degree and thesis. Furthermore, I strongly
believe that there is a need for making the UAS master’s degree better known to employers because it would
increase the competitiveness of UAS master’s graduates. Therefore, in this paper, I focus on the business
contributions of the UAS master’s theses. I seek to answer the question: How does working life benefit from UAS
master’s theses?
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The paper has seven sections, including an introduction, appendices, and references. After presenting the need for
this study in the introduction, I describe the goal and process of the master’s thesis as part of the curriculum of the
Master’s Degree Programme in International Business Management (IBMA) of Haaga-Helia UAS, Helsinki,
Finland. Next, I focus on the thesis assessment criteria. Then, I present my data collection and research approach.
Next, I demonstrate the findings of the 91 Finnish managers’ assessment of business benefits brought by UAS
master’s students. The contributions of the work development project as a thesis is based on ten years of feedback
from employers. In the conclusions, I answer the research questions, highlight the business and educational
implications of my longitudinal, qualitative research, indicate its limitations, and suggest future research areas.
Finally, in the appendices, I present a summary of the immediate (table 1) and future (table 2) business benefits of
the UAS master’s thesis sought by Finnish managers.

The Goal And Process Of The Master’s Thesis

The Master’s Degree Programme in International Business Management (IBMA) of Haaga-Helia UAS in Helsinki
started in autumn 2007. According to the Students’ Guide (2018), ‘The goal of IBMA is to develop students’
international business management competences through variety of work development methods and tools,
international business management courses, and through tutoring them in an applied research and work
development project as their master’s thesis.” Working on the thesis starts from the very beginning of studies.
Students are expected to act as facilitators and leaders of change by applying in practice their international business
knowledge that will make them and their organizations competitive players in international business.

The three main objectives of the IBMA Programme are as follows:
1.  to satisfy the increased demand of organizations for employees with practical and current international
business knowledge and competencies
2. to provide a career opportunity for bachelor’s graduates by continuing and upgrading their education in
international business management
3. to encourage students to apply their international business management skills and knowledge in their
everyday work in order to create and extract value for their organizations’ (Students’ Guide 2018).

The master’s thesis is a 30ECTS (810 hours) work development project. Its goal is ‘to develop and demonstrate
the ability to apply the selected research strategies and methods in the identification and solution of an authentic,
work related, international business management problem. Furthermore, the objectives of the thesis are to develop
international business management skills, competences, and qualities of students that would make them
competitive in the global job market’ (Master’s Thesis 2018).

In this master’s programme the emphasis is on cooperation with working life. ‘Learning during the programme
happens by addressing international business management problems in case studies, research, and in the master’s
degree thesis that is a work development project with international business dimensions. The thesis, as an applied
research and development project, is a substantial part of the studies to be implemented in close collaboration
between students, their workplaces and Haaga-Helia UAS’ (Students’ Guide 2018).

The master’s thesis process in the IBMA has four phases: planning, implementing, assessing and developing
(Master’s Thesis Process 2018). In this paper, I focus on the assessment phase of the thesis process because my
goal is to demonstrate how the master’s brings business benefits to the organizations involved. This is the phase
when employers, i.e. Finnish managers, are involved in the assessment. ‘Here employers assess the learning of the
student during the development project. They also indicate how the organization has benefitted from the thesis,
what was implemented in practice, and what the possible long-term impact and value are for the organization’
(Jakubik 2017, 55). Next, I will present the assessment criteria of the master’s thesis.

Thesis Assessment Criteria

As its web-site states, ‘The thesis will be assessed by the HAAGA-HELIA thesis tutor, the inspector, and by the
company contact person for the work development project. The thesis assessment form and criteria are available
in Moodle and MyNet. A thesis grade will be given after the maturity exam is completed. The self-assessment of
learning does not have an impact on the grade and it will be used for developing the thesis process’ (Master’s
Thesis 2018). This three-party assessment of the UAS master’s thesis is necessary because in this way both
academic and business contributions are evaluated. Work life assessment by Finnish managers ascertains the
business benefits for the employer.

The same assessment form is used for master’s programmes in English at Haaga-Helia. The six assessment criteria

are as follows:
1. topic and objectives (significance and currency; objective and scope; work life orientation)
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conceptual framework/theory (literature review; conceptual framework; definition of concepts)
methods (planning and implementing; evaluating outcomes)

outcomes (correspondence between objectives and outcomes; value contribution)

reporting (structure consistency; clarity and readability)

project management (planning; implementation; analysis and reflections)

AN

Each criteria is assessed on a scale from satisfactory (1), through good (3), to excellent (5). To help the assessment
there are statements developed for each criteria and each scale. For example, criterion 1 is assessed as excellent
when: ‘The topic involves innovative perspectives and it is important for the organization. The objective and scope
have been defined excellently. The topic is strongly related to working life development.” Criterion 4 is weighted
double and it is assessed as excellent when: ‘The outcomes correspond to the objectives excellently. The value
contribution of outcomes is excellent. The conclusions are justified excellently. Suggestions for further
development are very valuable for the organization.” This UAS master’s thesis assessment grid is very practical
and it has proven to be useful in the assessment process.

In addition to the thesis assessment grid in the IBMA, the work life representative, i.e., the Finnish manager, is
asked to fill out a feedback form. Next, I present the content of this form because it is the source of data collected
for the purpose of this paper.

Data Collection And Research Approach

Employers of UAS master’s students, i.e., Finnish managers, involved in the thesis assessment process answered
the following five questions when they assessed the master’s thesis (figure 1). The bold arrows on figure 1 indicate
the focus and scope of this paper.

Business Assessment of the UAS Master’s Thesis

I I —— NN

1. How have you 2. How would 3. Describe the specific benefits for your 4. Please recommend 5. Feel free
been following you describe the organization from the student’s work. For ways the work to comment
the progress of development and example, were there any new methods or development project on any

the student’s learning of the practices introduced, applied or as a thesis could be aspects of the
work master’s student developed? How the project(s) developed to better work
development during the contributed to the competitiveness of the serve your development
project? What project? company? What longer-term benefits do organization’s project.

was your you expect from the project(s)? knowledge and

involvement in development needs.

the project?

WHAT IMMEDIATE. .FUTURE . WHO
has been developed business benefits business benefits has benefitted
P (table 1) (table 2)

Figure 1: UAS master’s thesis assessment (source: created by the author)

To answer the research question ‘How does working life benefit from UAS master’s theses?’ 1 analyzed the
feedback on question 3 above provided by 91 managers from 2007-2016. The thesis feedback document is a
secondary source of data for this paper because the feedback was primarily collected for thesis assessment and not
specifically for the purpose of this paper. Following the ethical principles of research, I make sure that none of the
organizations or managers could be identified and traced to the feedback they provided.

Feedback was given by different (international, domestic, small, and large) organizations from different business
sectors. For example, managers from Accenture, Basware Oyj, Danone Finland Oy, Danske Bank Oyj, Ericsson
Finland, Ernst & Young Oy, Fazer Food Services, Hartwall, Hewlet-Packard Oy, InterCall Sweden Ab, KONE
Corporation, Nokia Oyj, Reaktor, Trawise Oy, and so on answered the feedback form.
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Finnish managers who provided feedback have the following titles and positions: CEO, CFO, Director of Learning
& Development, Global HR Line Manager, Head of Product Development, Information Manager, Managing
Director, Process Development Leader, Program Manager, Sales and Customer Service Manager, Sales Manager
Finland, Senior Account Manager, Senior Executive, Senior Manager People Advisory Services, Technical
Director, and so on.

I applied the thematic analysis method for analyzing the feedback answers to question 3 above, because it is the
most common, generic method when dealing with unstructured qualitative data. ‘The essential purpose of this
approach is to search for themes, or patterns, that occur across a data set’ (Saunders, Lewis and Thornhill 2016,
579). According to Saunders et al. (2016) thematic analysis helps in the following areas:

to comprehend often large and disparate amounts of qualitative data

to integrate related data drawn from different transcripts and notes

to identify key themes or patterns from a data set for further exploration

to produce a thematic description of these data, and or

to develop and test explanations and theories based on apparent thematic patterns or relationships

to draw and verify conclusions (ibid.: 579).

SR L=

WHO has
benefitted

IMMEDIATE Business FUTURE
benefits of

busmgss UAS Master's busmgss
benefits X benefits
thesis

WHAT has
been
developed

Figure 2: Four themes of the benefit analysis (source: created by the author)

My purpose in this paper is to produce a thematic description of the large amount of qualitative data collected over
a 10-year period. First, I transcribed all 91 answers and then, I conducted a benefit analysis, based on the four
themes identified in Finnish managers’ feedback on the UAS master’s thesis (figure 2).

In brief, I presented here the content of the master’s thesis feedback form (cf. figure 1) answered by Finnish
managers. Then, I briefly introduced the profile of the organizations, and the position of the manager who provided
the feedback. Further, I argued for the selection of the qualitative data analysis method for thematic analysis. In
the next section, based on the four themes identified (cf. figure 2), I will present my findings.

Findings
Here, I present the business benefits of the UAS master’s thesis of the IBMA programme. I show the findings
identified from the large data set of my analysis of 10-year qualitative data according to four themes (cf. figure 2).

Theme 1: What has been developed - What product/service has been developed in the master’s theses? What are
the specific benefits for the organization?

From the business world feedback, I identified 101 specific benefits provided by the UAS master’s thesis to
organizations. They could be grouped in the following way:
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market research and market entry: a framework for the expanding of R&D activities to Russia, an
internationalization framework, e-learning market potential, evaluating the most effective ways for entering
the market, understanding the market and its different segments, a new intensive market study, risk analysis,
market research, a market entry study to Russia, researching target markets, a foreign market analysis, a
framework for evaluating expansion to new labor markets, SWOT and competitor analyses, an
internationalization strategy for start-ups

marketing: marketing and customer support, a marketing strategy, a B2B marketing plan, marketing and
branding development, defining the brand identity, a theoretical framework for global marketing campaigns,
selecting distribution and promotional channels in marketing campaigns

communication: the change communication process, methods to improve communication, an IT system for
reporting, developing business reporting, visualization and communication aids, the documentation of
concepts, an overview of social media channels, strategies developed around audience engagement

human resources: training material, information about how personnel think, useful suggestions, questions for
development discussions, an implementation plan for career counseling, a spirit of teamwork, respect and
empathy, a framework for HR and change management, a framework for motivation, documenting an HR
job satisfaction project, new ways of conducting performance reviews, analyzing the commitment of a unit’s
employees, a proposal for new training programs for salespeople and sales managers, using a new approach

leadership and management: the ten most important leadership features, guidelines for managers without
authority, a survey on team leaders’ working methods, exploring the difficulties in projects, a model
promoting emotional intelligence

organizational change and development: an overview of the business, the current situation, suggestions for
improving language courses for immigrants, new methods to develop processes and operations, new
business models, creating a scorecard, a scorecard for the company, a strategy plan, up-to-date information,
ideas for new digital ways of working, recommendations on how to increase our business value, business
modeling tools, the Blue Ocean Strategy framework introduced as a tool, a comprehensive analysis of
activities, a value network within the organization

innovation: recognizing intellectual capital, new ideas and knowledge, combining theory and practice, ways of
developing knowledge transfer practices, a global study about how people see development

sales and services: information on consumers’ buying processes, developing sales opportunities, development
opportunities in sales practices, remote selling, workshops for sales teams, tools and ideas on how to change
our mindset in sales processes, gathering customer feedback, collecting feedback from guests, factors
influencing the service sector and customer satisfaction, conducting a user experience and expectations
survey, subsequently analyzing the data, a customer experience survey, a service model, new service
developments

collaboration: an implementation plan for partnerships, an outsourcing decision model, an online value
proposition, collaboration, information about offshore resources, identifying the important factors in onshore
and offshore cooperation, F2F interviews with key account customers, partner relationship management
(PRM) theory and practice, a survey of international members’ positions at universities and places of
business in Finland, a new complaints and feedback process, new and valuable insight about the perception
of the unit’s internal customers, its role, performance, cooperative approach and ideas for further
improvement, experts’ views

Theme 2: Immediate business benefits - Have the findings of the master’s thesis been implemented/used? What
are the immediate benefits and impacts of the master’s thesis for the organization?

The benefit analysis resulted in 153 immediate business benefits, which are summarized in table 1 in the
appendices. Here, however, I present a few quotations from managers as illustrations.

‘Benefits for the company are a greater understanding of the needs from the end-user of the CRM system and
validating some of the directions already taken for the development of the system.’

‘The most substantial benefit for the company has probably been the face-to-face interviews with strategic
customers’ key accounts.’

“The thesis provides interesting information on motivational themes and how the organization’s personnel reflect
on these motivational elements.’

‘The main benefit of this work was to document an HR project, which was challenging and partly abstract.’

‘The main benefits for our company are the global contacts that were created during his project.’

‘Our performance review meetings are no longer just a chat, but rather a systematic discussion where all relevant
issues are made compulsory to discuss.’

‘Understanding the interdependencies between employee and customer satisfaction is very important in our
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organization.’

‘The project has provided a new and a very valuable insight into the perception of the unit’s main internal
customers, its role, performance, cooperative approach, and areas for further improvement.’

‘The thesis has been extremely helpful for the company in order to evaluate the most effective ways for entering
the market, as well as understanding the territorial limitations, cultural and socio-economic aspects, and
different segments.’

‘This is a very important learning outcome for us and we already decided that at this stage we will just sell
smaller modules and gradually build up the whole concept.’

‘The thesis has been a useful leadership tool for global leaders in our organization.’

‘The thesis gives an overview of suggestions on how to increase our business value.’

‘It was very useful in thinking forward to remote selling in our company.’

‘With this project we are able to share knowledge and most importantly, a customer service oriented attitude
with other key persons in the company.’

‘Developing internal practices, synchronizing operative processes, assessing the knowledge and training needs of
personnel, and improving communication are the specific benefits for us.’

‘We know the importance of HR and change management but we do not have a unified view of doing it. Now,
we can use the framework as one of the tools to handle such situations.’

‘The benefits for the organization are new ideas and knowledge.’

‘The research results allowed us to better understand our market segment and find better ways to cooperate.’

‘The research has fundamentally changed the way we engage with brands and developers.’

‘Conclusions of the thesis about marketing strategy provide useful information about priorities in selecting
distribution and promotional channels in our marketing campaigns.’

‘The best thing is that the thesis includes eight themes and an implementation plan.’

‘Thesis work helps us to understand the value networks within the organization and within specific projects.’

‘It made visible the common issues between different business units.’

‘It helped us to shape the project in a slightly different way and therefore it clearly influenced our onboarding
process.’

‘The work has increased the efficiency and cooperation between countries and shared services centers.’

“This project and its results are useful in our marketing and customer support.’

‘The thesis helps in outsourcing decisions.’

‘For the first time there is detailed information of how personnel think about the company.’

‘The developed framework was the key input for two organizations in planning expansion of R&D activities to
Russia.’

‘The development project resulted in new job opportunities.’

‘The marketing plan is written in a way that is easy to understand. We were especially pleased with our new
online value proposition.’

‘The thesis summarized the position and difficulties we have locally and how we need to change our mindset in
the sales process to stay competitive in a challenging market place.’

‘The thesis contributed to the development of the management system, with concrete opportunities and practical
suggestions.’

‘As a result of this project, we learned that operations are not prioritized as one of the key processes of the unit,
and that the mutual understanding regarding ways of working are not shared. This has had a negative effect
on the unit’s efficiency.’

‘Benefits to the organization include a crystalized and more explicitly articulated strategy when it comes to talent
management.’

‘The findings are interesting, especially now that digitalization and startup companies are hot topics in the
Finnish marketplace.’

‘The documentation of the concepts was useful because it has allowed us to revisit the concept for later business
development.’

‘There are some kinds of blind spots in a self-managed organization that could be improved, and this thesis has
helped us to find them. When we recognized these blind spots, we can put more efforts into knowledge
sharing, with both new and experienced employees.’

‘Utilizing the different business modeling tools added value in local operations in Vietnam.’

‘The practical suggestions gave our organization good ideas on how to approach the market, and how to better
find potential partners.’

‘The survey results of user experience and expectations were immediately utilized as inputs in the selection of
chat-based collaboration tools.’
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Theme 3: Future business benefits - Are there any plans for using the outcomes of master’s theses in the future?

Finnish managers in their feedback on the master’s thesis indicated 76 future business benefits, which are presented
in table 2 in the appendices. To illustrate the findings I present here a few quotations from the feedback provided.

‘We will use the findings from the thesis. Its findings will be communicated to all employees.’

‘General management program is a very critical element in developing future leaders in our organization, so
clearly this project work will be utilized in further program development.’

‘As sales agents have the best possible help and have the tools at hand, this will evidently affect the
competitiveness and profitability of the company.’

‘It has fair value for our organization in the long run because it puts together a number of existing theories and
creates an easily understandable and unambiguous model which can be used straight away.’

‘After this thesis, we are able to assess brand functionality better and be more precise in giving instructions to
co-operative companies (e.g., advertising companies).’

‘As longer-term benefits, this work will be used when going through some developmental steps in the near
future, when we develop our services.’

‘For the longer term, the master’s student has been able to develop a profound market study which will work as a
framework for us in future developments.’

‘Longer-term benefits come from the understanding of how important is to listen and involve employees in
creating and maintaining job satisfaction.’

‘It shows us important data in order to make our communication strategy in the future. It shows the subjects we
have to consider when thinking about our communication strategy.’

‘We could easier recognize the intellectual capital inside the organization and then be able to utilize it.’

‘In long term, it will have meaning as a sales and support tool.’

‘As a result we will be getting better ROI from partnerships, as consumers will appreciate and use the stored
content more.’

‘Based on this thesis we started to build our e-learning network and the findings may be used in the identification
of new sales opportunities.’

‘There are many good suggestions in the thesis that we will take into consideration.’

‘We will change our development discussions according to the findings of the thesis.’

‘The thesis will be used in leadership, management and work community training.’

‘The ten most important leadership elements compiled by the student will be applied in our workshops for
locally employed staff.’

‘The next annual staff survey showed an increase of motivation in our service department, which we viewed as a
success of master’s students’ activities.’

‘Based on this thesis we started to build our e-learning network.’

“The thesis was the starting point for our company to develop a brand and marketing strategy, and to help us
mature as an organization.’

‘The information could benefit our organization and business by producing more accurate selection profiles and
more qualified selections during the recruitment process.’

Theme 4: Who has benefitted - Who has benefitted from the master's theses? With whom have the findings been
shared?

Inside the organization: employees, the management, business units, product developers, designers, brand
managers, the marketing department, leadership, teachers, colleagues, new employees, team leaders, team
members, subordinates, the HR manager, the career counseling team, CRM system users, project managers,
the development team, the international office, internal customers, the research team, start-ups, salespeople,
sales managers

Outside the organization: customers, consumers, partners, onshore partners, offshore partners, market
segments, group companies, sales representatives, sales agents, the community, language learners, users, key
accounts customers, network contacts, global contacts, advertising agencies, joint-venture partners, clients,
international researchers, alumni, bloggers, market segments, experts, guests

The findings presented in this part of the paper provide evidence of business benefits from the UAS master’s thesis.
These findings are derived from the feedback of 91 Finnish managers involved in the thesis process. In this way,
the research findings are validated and the business benefits of the UAS master’s thesis are also ascertained by the
business world.
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CONCLUSIONS

The aim of this empirical research is to answer the research question: How does working life benefit from the UAS
master’s theses? As the findings of my analysis of the four themes (cf. figure 2) demonstrated, the master’s thesis
brings very specific, immediate (cf. table 1), and future (cf. table 2) business benefits to working life. These
benefits are provided not only to internal, but also to external stakeholders of the organizations.

Another outcome from the research is that the paper clearly demonstrates why business and academic collaboration
during the thesis process is necessary and valuable (cf. Jakubik 2017; Laine et al. 2008; Tulkki 2008: Wenger
2005). This paper shows the benefits of a collaborative learning approach. I see three value contributions of this
paper:
1. It brings value to employers by making explicit the benefits that UAS master’s students bring with
their theses to their employers and the business world.
2. Itincreases the awareness and competitiveness of UAS master’s graduates in the job market.
3. It brings value to educators of UAS and educational policy makers by demonstrating that working life
values the contributions from the UAS master’s thesis.

I would argue and disagree with Ojala’s (2017) conclusion in her doctoral dissertation that ‘Compared to the
traditional university’s master’s degree the graduates of the UAS master’s degree believed that their degree
generates more competence than competitiveness.” My longitudinal, 10-year, qualitative research indicates that
the UAS master’s degree/thesis creates not only competences but also competitiveness for UAS master’s students
in the job market. Based on 91 Finnish managers’ feedback about the business benefits of the UAS master’s thesis
I am confident that the competitiveness of UAS master’s degree in the Finnish job market is strengthening.

My empirical paper has implications for managers, researchers, educators, and educational policy makers. The
managerial implications are that the UAS master’s thesis proved to be very useful and valuable, not only for
students, but also for organizations as employers of master students. From the managers’ feedback, it is obvious
that they also learned and benefitted from this collaboration. Because this paper made very explicit the business
benefits brought by the UAS master’s thesis, managers are encouraged to be open to providing future
developmental projects for master’s students, to providing them career development opportunities, and to
continuing close collaboration with UAS.

Implications for researchers are that they should continue working on promoting the benefits of the UAS master’s
thesis, and on increasing the awareness of the differences between master’s degrees from traditional universities
and universities of applied sciences. The scale of the research could be extended to other master’s degree
programmes and UAS in Finland and abroad.

Educators in UAS would need positive feedback of their master’s thesis tutoring work and they need appreciation
from the business world. Educational policy makers in Finland could consider if it is wise to have both the
traditional university master’s degree and the UAS master’s degree in the future. The master’s degrees of these
two different kinds of universities are converging, and both make valuable contributions to knowledge. Policy
makers need to make more clear distinctions between the degrees; they should think about how to increase the
acceptance of UAS master’s degrees in the job market.

As with every paper and research, this one also has limitations. The thesis feedback from businesses was analyzed
only for one UAS master’s degree programme, i.e., for the Degree Programme in International Business
Management (IBMA) of one UAS, i.e., Haaga-Helia University of Applied Sciences, Helsinki, Finland. This
limited scope makes it difficult to generalize the findings based on 91 Finnish managers’ feedback. However, it
provides opportunities for future research. Extending the research scope to other master’s programmes and to other
UAS could be one direction in research. Another limitation is that my empirical research paper has limited
theoretical sources that could be improved by developing theories or by finding relevant existing theories to
support the findings and answers to the research questions. In spite of these limitations, I am convinced that the
findings are original, interesting, and valuable in academic research.
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Appendices

Table 1: Immediate business benefits of the UAS master’s thesis

IMMEDIATE BUSINESS BENEFITS

has increased the
efficiency and cooperation
between the country and
shared service centers

practical suggestions on
how the organization will
benefit

has started to build our e-
learning network

having more systematic
program follow-up and
impact measurement

Has allowed us to better
understand our market
segment and find better
ways to cooperate

impact on customer and
user satisfaction

has started preparations for
getting funding

a more systematic and
coordinated process
between talent
management and
leadership development

has fundamentally changed
the way we engage with
brands and developers

problem areas where the
management system needs
to be developed

helps in our marketing

increasing our
international impact

we will be getting better
ROI from partnerships

several development
suggestions were
implemented right away

we got new contacts
already

we are able to provide a
tool set to our project
managers enabling them to
better manage this
challenging part of the
project work

consumers will appreciate
and use the store content
more

how the organization and
its practices need to be
developed

new channels opened for
promoting Finnish e-
learning knowledge

we are able to better assess
brand functionality

higher consumer
satisfaction, retention, and
sales

developing internal
practices

new business model

we are able to give more
precise instructions to
advertising companies on
how our company should
be seen

help in outsourcing
decisions

synchronizing operative
processes

immense benefits of
deploying a scorecard:
articulating the value of
the output and its delivery

has helped us to implement
a thank you event

realizing that knowledge
sharing must be
extensively promoted

assessing knowledge and
training needs of personnel

better understanding of
what every individual does
in order to contribute to
the unit’s strategy

new research topics have
emerged
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confirmed our planned
marketing procedures

improving communication

implementing the
suggested strategy plan
into our work in Finland

gaining real research based
data on the topic to support
further development, tools
and organizational
decisions

knowing conditions when

using the framework for

new insights into our daily

providing more experience

buying legal services HR and change work and planning for the | to customers
management future

helping to make our helping to understand making us act locally we have gained more

workshops more concrete | entertainment industry structure for our loose

and comprehensive challenges practices

changing our development
discussions

information about
motivational themes

starting phase two of the
PRM strategy

has helped us to visualize
the things we need to
improve

have gained useful
connections

information about
personnel’s reflections

having a short presentation
about the CRM / PRM for
our team members helped
us to focus on essential
things

has helped us to find the
blind spots that need
development

successful cooperation
projects between Nokia
and Russian universities

new method of marketing
efficiency

the framework helps our
business

understanding the rational
and irrational divers on the
potential target market

using the suggested
internationalization
framework

hearing team leaders’
ideas, new ways of doing
things to enhance
communication and
collaboration

huge efficiency gains

good ideas on how to
approach the market and
identifying potential
partners

has resulted in new job
opportunities

recognizing that we have
effective teams

a better understanding the
problems in our unit

we are able to re-evaluate
the market, when and how
to approach it

development of business
reporting

getting extra benefits in
our offshore projects

presenting the findings has
been very positive and this
has been a major asset to
our company

the documentation of the
concepts was useful
because it has allowed us
to revisit the concept for
later business development

contributes to our
competitiveness

using specific practices
suggested by the thesis

the main benefits for our
company are the global
contacts that were created
during this project

utilizing the different
business modelling tools
added value in local
operations in Vietnam

knowing our brand image

improved sales results

showed us the potential of
LinkedIn marketing

using the findings in our
incentive design projects

starting point for
developing our brand and
marketing strategy

a focus on sales initiatives

suggestions support our
company very well

have utilized it in our
reward training

has increased awareness
about our customers’
experiences

a team-building exercise

helps to comprehend the
overall business challenges
of IoT

new knowledge about our
international members

has generated discussions
about the ways we conduct
business

information about our
position and difficulties

we benefited from the
recommendations

has increased knowledge
about our services

opportunity to enhance our
organization and services

useful findings for the
career counseling team

the findings influence our
communication, streamline
and simplify how often we
communicate to teams
about change

new international
researchers joined us

service quality become a
major goal for us

new information on
working life topics was
useful

realizing what needs to be
done before we are ready

to hit the market with this
educational concept

has increased interest
toward us
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improving our offerings of
language courses

support our every-day
business operations and
customer relations

we decided to sell small
modules and gradually
build up the whole concept

our performance review
discussions become more
systematic, relevant issues
are made compulsory to
discuss

improving interactions
between learners and
native speakers

sharing the knowledge and
customer-service oriented
attitude in the company

we gained a better picture
about the factors
influencing the service
business and customer
satisfaction

the new way helps
preparation for
performance meetings

helps immigrants to
integrate faster

customers appreciated our
interest in their feedback

better understanding of the
interdependencies between
employee and customer
satisfaction is very
important in our
organization

new insights and views
were developed

acting more professionally

greater understanding of
the needs from the end-
users of the CRM system

analyzing the survey
results has been beneficial
for us

have decided to open a
new Facebook-page for
our alumni

providing benefits for our
customers

validating our
development directions

motivating colleagues

the worked proved that our
earlier decision to close
our Facebook account was
wrong

the model provides
established theories that
can be used straight away

concrete opportunities

increase in motivation in
the service department

we are looking for
bloggers and technical
solutions for our
communication

has developing the next
round of general
management programs

increased awareness of
theories, customer needs,
competitors’ offerings

more articulated strategy
of talent management

it has had a great impact
on our actions

demonstrated that our
company is interested in
new service development
and it actively listens
customers’ ideas and needs

we have now a more in-
depth understanding of the
new approach on
contextual feedback

now our start-up has an
internationalization
strategy

because of the work, we
are now aware of the lack
of internal communication

some ideas the team were
able to implement and set
targets

it helped us to see the big
picture of
internationalization

we are already using some
of the outputs of the thesis

we have already
implemented new forms of
communicating internally
(e.g., SKYPE, new
Intranet, internal weekly
reports)

has been a great base for
renewing our training
framework

it is easy to implement the
delivered strategy

the student has been an
additional resource for us

differences among
countries are especially
interesting to us

has been a useful
leadership tool for global
leaders

we started to look for a
business developer who
would also take care of
communication

we gained valuable input
on what really worked and
what did not with our
previous approach

validated our assumptions

findings about the market
potential and
recommendations for
future work

utilizing it when pitching
or selling our services

it helped us to shape the
project in a slightly
different way and therefore
it clearly influenced our
onboarding process

got evidence of some
weaknesses in our current
approach to collecting
feedback

it gave a possibility to the
team to learn many new
methods

it helped to crystallize our
long-term focus

the framework has been
applied to Bulgaria

currently we are
developing a training
program with the help of
master’s students

the recommendations have
helped us to further

it has been a huge leap
toward professional
business

it helped us to look at our
data differently

the most important benefit
for us is the identified gaps
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develop our export of
education

that needed to be
addressed

the results are valuable for
us

Table 2: Future business benefits of a UAS master’s thesis

FUTURE BUSINESS BENEFITS

using in creating training
materials for employees

development trends in
CRM systems in the future

it has helped us to expand
our reward business

helps in identifying new
business opportunities

considering the findings in
developing communication
strategy

promoting the export of
Finnish education

improves the quality of
daily project work

we will start looking into
different ways to start
promoting this new
business opportunity

utilizing the value network
explored

help in better
understanding similar
projects from personnel’s
point of view

planning to organize
teambuilding workshops
regularly

the market study
developed will work as a
framework for future
developments

writing articles and
publishing them on
LinkedIn and Twitter

using LinkedIn marketing
as part of our marketing
strategy

publishing the findings in
the organization’s member
magazine

information, methods and
practices provided long
term benefits to the team

using in our future projects

implementing suggestions

bringing more positive

we will be seriously

in our new coming credibility to us considering developmental
complaint process ideas as they support our
current strategies
applying the model in our | implementing strengthening the bond using a market study when

all group companies

recommendations involves
strategic challenges and

between the company and
its existing strategic

decisions are made about
expansion to Russia

will be discussed internally | customers
using in new sales expecting that our The outcome of this work | recommendations of the
opportunity identification | communication about will be published for thesis will save us a lot of
changes will be clearer and | management time and help us to move

more straightforward

in the right direction

using in planning
promotions

believing in saving a lot of
money

the work is a good basis
for starting to act

using it for improving our
employee commitment

introducing suggested
practices

recommendations will be
taken into account when
planning future actions

we will apply the
suggested actions

help us to improve our
current approach

using implementation and
change management
processes presented

implementing the same
survey on a yearly basis

using the outcomes of the
work in planning future
events

helps us to systematically
further develop our
activities

using in leadership,
management and work
community training

important in developing
future leaders in our
organization

using it in streamlining the
organization’s working
methods to achieve
efficiency and
effectiveness of our work

after reviewing the
recommendations, our
team will consider
possibilities for
implementation

applying in workshops for
locally employed staff

utilizing it in future
program development

helps identify possible
improvement opportunities

the idea of internship is
great and it will be
implemented in the short
term

extending the framework
to other countries (India,
China)

supports
internationalization of the
field and assessment of its
impacts

using when planning the
marketing budget

launching a full new
process in the next few
weeks
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impacting the financial
side of future projects

utilizing in developing our
business

next step is to code the
working prototype

we will continue to use the
findings for the next 12
months

using development

Actively using change

increase in the

we intend to use the

suggestions management tools effectiveness of daily work | framework when
expanding into new
markets
using when developing our | material business benefits | impact on the the framework will be used
services by using the change competitiveness and for the USA this year
management model profitability of the
company

helps in the recruitment
process in selecting more
qualified applicants

we can apply the same
event framework outside
Finland all over the world

recognizing the importance
of listening and involving
employees to create and
maintain job satisfaction

we will soon pilot the new
training program

we will continue to use the
renewed structure of
performance meetings in
the future

we could put more effort
into knowledge sharing
between new and
experienced employees

planning to develop a
proposal for improving the
follow up of our members’
interests

the new training program
will improve the
competencies of
salespeople that will result
in better performance

helps to evaluate activities

expecting an increase in
sales

using it as a sales and
support tool

gaining better sales results
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Abstract

The aim of this research is to examine the views of the students taking Instructional Technology and Material
Design course. In this study, one of the qualitative research approaches, “special case study method was used,
and the obtained data were collected by* semi-structured student interview form. The analysis of the qualitative
data was evaluated by the content analysis method.

The aim of this course is social development, the perspective of educational environment, material development
project, material use competencies and the reasons for seeing the teacher training program. It also analyzes the
demographics.

The study group of this research consists of a total of 200 students studying at the faculties of Near East
University, Sports Sciences.

Introduction

Nowadays, the candidates in the teaching department of the universities are taking courses in the education
faculties they study in order to gain the skills and behaviors required in their professional life after graduation.
These courses offered in the faculties aim to provide students with the necessary competencies for their own
fields as well as having sufficient equipment and confidence in the field. It is seen that one of the educational
courses, Instructional Technology and Material Design course is one of the important courses in the teaching
formation.

Teaching is the regulation of information and the environment to create learning in general. The environment
includes not only the place where teaching is, but also the methods, techniques and tools necessary to convey
information and direct the student's work. Information and the environment may also vary depending on the
teaching objective in the program. Learning is a product of life and a relatively permanent track behavior
change.

There should be an environment for learning-teaching. It is important to create appropriate environments in
order to provide training that is considered as a process of behavior change. The field of learning-teaching is
called the training environment (Soytekini & Yinal, 2017). Educational environments should be differentiated
according to the conditions of the individuals to be educated. A different educational environment should be
established for the courses in each level of schools, programs and programs in schools. It can easily be said that
if the school, building classrooms and laboratories and the teaching technology and materials are not available or
if they are inadequate and almost identical, the educational environment is not suitable.

In general terms, the communication between the sender and the sender is called a communication that is shared
with a shared shopping relationship. This process starts with the message being sent to the recipient by the
source and ends with the recipient receiving and evaluating this message and reacting accordingly. A number of
behaviors must be performed to achieve communication. There are five basic elements to be considered when
examining the communication process. These; source, message, channel, receiver, and return. The source of the
communication process in education is the teacher and the recipient. The content of the message program is the
textbook or the voice of the teacher, the teaching process of the channel or the methods, technical tools and
materials used in the process. Teachers benefit from three types of communication methods. These types of
communication are communication with the help of oral, non-verbal and other technological equipment. In order
to be a good educator in the education system, it is necessary to know the communication process very well. In
the teaching-learning process, a trainer needs to establish a healthy communication with his / her students in
order to teach an issue effectively. Communication related to education is related to the interaction of the student
and the environment. Detection occurs when the student's senses respond to the message and the effect of the
message. As long as individuals reach the consciousness of themselves and the world, it is called perception.
Technology and materials can be made more economical. With the teaching of technology and materials, less
time is spent to determine the needs of students and to adjust the teaching accordingly. Less time spent by
teachers and students positively affects the speed and cost of schooling. Fast and more economical schooling
means that students should leave the school earlier and learn more about the time they stay at school.

If teachers are uninterested or inadequate about using technology and materials, it can be said that the education
program will not be successful in ensuring students' learning. Teachers 'attitudes and abilities related to
technology and material use are effective in students' learning. Some teachers may not have sufficient
knowledge of using technology and materials in their courses. Some teachers may also be reluctant to use new
technology and materials. In addition, some teachers feel that it is difficult to use technology and materials, they
may feel under pressure, or they can rely more on traditional strategies and traditional technologies and
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materials. In order to eliminate all these drawbacks, teachers should be given the necessary information on how
to benefit from the products of educational technology. In order to meet the three basic requirements in
educational applications, educational technologies and materials are used.

In the faculties of education, pre-service teachers are enabled to feel ready for the profession with affective
aspects along with cognitive gains. For this reason, it is important that teacher candidates have positive attitudes
towards the OTMT course which is one of the teaching professional knowledge courses and they are important
in terms of designing materials for their own fields and transferring them to students as appropriate (Akay ve
Argiin, 2006).

It is thought that the use of a skill that includes complex mental processes in this process by the trainee teachers
will contribute positively to the future professional lives of the students and the success of the students. For this
purpose, it is considered important to examine the relationship between creativity perception and attitude
variables towards the course.

Purpose of the Research

In this research, it is aimed to examine the opinions of prospective teachers about the teaching of Instructional
Technology and Material Design (SCT) course in different aspects. For this purpose, the following questions
were sought;

1. What are the perceptions of teacher candidates who take Teaching Technologies and Material Design course?
2. What are the material design, self-efficacy belief levels of teacher candidates who take Teaching Technologies
and Material Design course?

3. What are the attitude levels of prospective teachers who take Teaching Technologies and Material Design
course towards the OTMT course?

4. Do the teacher candidates' perceptions of creativity differ according to the department?

5. Are the teacher candidates who take Teaching Technology and Material Design course differentiate according
to the department?

6. Is there a meaningful relationship between the creativity perceptions of the prospective teachers who take
Teaching Technologies and Material Design course and their attitudes towards Instructional Technology and
Material Design course?

Method

Research Model

The aim of this study is to examine the opinions of prospective teachers about the teaching of Instructional
Technology and Material Design (ITCT). In order to present the views given in this sense, one of the qualitative
research approaches, el Special Case Study i method was used.

In this study, it was carried out with the holistic single case design of the special case study because it was the
subject of Instructional Technology and Material Design as a single unit of analysis (Yildirim & Simsek, 2005).
The case study is carried out in a natural environment, such as a class or an organization, and aims to take a
holistic approach to the events and environments that are the subject of the study (Phillips and Burbules, 2000).

Working group

Working group; It is comprised of 300 students studying at Lefke European University in the Turkish Republic
of Northern Cyprus. As a sample representing the universe, undergraduate students from the Faculty of Sport
Sciences of the European University of Lefke were enrolled.

Data collection tool

In order to determine the attitudes of pre-service teachers who took STSM courses towards OTMT course, 2013
Attitude Scale for Instructional Technologies and Material Design Course mek which was developed by Cetin,
Bahgeci, Kinay and Simsek (2013) was used.

Attitude Scale Validity

The first step in the development of the OTMTDYTO was to examine the literature by the researchers and form
a pool of substances with statements indicating attitudes towards the instructional technologies and material
design course. The item pool consisted of 46 items. Then, 5 experts in the field of educational sciences were
interviewed for the superficial (appearance) and scope validity of the scale. According to expert opinions, 5
items were removed from the scale and 3 items were changed (Cetin, Bahgeci, Kinay and Simsek, 2013). After
these processes, the scale was finalized with a 5-point Likert-type rating, which I strongly disagree (1), I
disagree (2), I am undecided (3), I agree (4) and I strongly agree (5). The validity and reliability studies of the
scale were conducted on three different groups of students who studied at Ziya Gokalp Faculty of Education in
Dicle University in 2012-2013 Fall Semester and who successfully completed the course.

The first group consisted of 358 (174 males, 184 females) in which the construct validity, internal consistency
reliability and item analyzes of the Attitude Scale for Instructional Technology and Material Design Course were
conducted, and the second group of 79 (42 males, 37 females) in which the compliance validity study was
conducted, and the test was repeated. The third group consisted of 106 (52 male, 54 female) students. In order to
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conduct the validity study of the scale, Attitude Scale for Instructional Technologies (OTYTO) which was
developed by Metin, Kaleli Yilmaz, Coskun and Birisci (2012) was used (Cetin, Bahgeci, Kinay and Simsek,
2013) Explanatory Factor Analysis for construct validity studies. and Confirmatory Factor Analysis (CFA). The
KMO value of the scale was found to be .948 and the Barlett Sphericity test was significant (p <.05. Df = 528).
According to these results, it was determined that the data set was suitable for factor analysis. After the data set
was found to be suitable for factor analysis, it was seen that 33 items were collected under 3 dimensions
explaining 53,83% of the total variance by AFA as a result of principal components technique and direct oblimin
rotation technique. The first dimension is defined as s usefulness ve, the second dimension is eci liking etin and
the third dimension is called olarak denial boyut (Cetin, Bahg¢eci, Kinay and Simsek, 2013). The correlation
between the Attitude Scale for Attitudes towards Instructional Technologies and the Correlation Scale for
Instructional Technologies were examined. A positive and significant correlation between the two scales was
found. 535. The calculated internal consistency (Cronbach Alpha) coefficient was .94 for the whole scale and .78
to .95 for the sub-dimensions of the scale; test-retest reliability was calculated as .90 for the whole scale and .76
to .88 for the sub-dimensions of the scale. The findings obtained from the item analysis show that the corrected
item total correlations of the subscales ranged from .319 to .710. (Cetin, Bahgeci, Kinay and Simsek, 2013)

Data Analysis

Descriptive statistics were used to determine attitude levels and creativity perceptions.

One-dimensional analysis of variance (ANOVA) and multi-dimensional analysis of variance (MANOVA) were
used to determine whether there was a significant difference between the attitude levels and creativity
perceptions of the students. Pearson correlation coefficient analyzes were performed to determine whether there
was a significant relationship between the scores of the scales.

Findings And Comment

In this section, the findings related to the sub-problems of the study were presented and then comments on the
findings were discussed and compared with the results obtained in the literature.

The views of prospective teachers studying in the Department of Physical Education and Sports in the
instructional technologies and material design course were examined in different dimensions. ’Professional (, ili
contribution to individual and social development alma,” material development project esi, “material use
competencies degisim,” the necessity of taking the course in the program “, instructional technologies and
material design (OTMT) has been tried to determine the opinions about the course.

Table 1. Descriptive Statistics On The Creativity Perceptions Of Prospective Teachers Taking
Instructional Technologies And Materials Design Course

Creativity scale N X SS
The whole scale
total score 200 44,07 14,70

ir-}]-E"]:‘ The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC  Volume 2

When Table 1 is examined, it is seen that the teacher candidates who take the OTMT course have arithmetical
average value (x alan = 44,07) of the points they get from the ar How Much of Your Creator den scale. Based
on this finding, when the inin How Much Creativity Scale (score is taken into consideration (0-116), the mean
of the answers of the teacher candidates who took the ITMT course on the scale of how much creative they
have (x” = 44,07) is higher than the mean (40-64 points). They have a level of creativity perception.

Table 2. Descriptive Statistics Related To The Attitude Levels Of Teacher Candidates Who
Took Instructional Technologies And Materials Design Course Towards OTMT Course

Courses at OTMT

N X SS
Attitude Scale
Delectatn 200 3,44 0,85
Abnegatn 200 4,07 0,95
Benefit 200 3,75 0,67
Full Scale 200 3,72 0,63
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When Table 2 is examined, the arithmetical average value of the attitude scale for the Instructional Technology
and Material Design course (= 3.44); It is observed that the arithmetic mean value (= 4.07) of the sub-dimension
and the arithmetic mean value (= 3.75) for the usefulness sub-dimension. Based on these findings, “Attitude
Scale for Instructional Technology and Material Design Course boyut is a 5-point Likert-type scale.

It can be said that the average values of the items are positive because the values that can be taken by the items
of scale (1) vary between T Strongly Disagree aday and (5) M Totally Agree neden and therefore teacher
candidates who take the OTMT course have developed a positive attitude towards OTMT lesson.

Table 3. ANOVA Results Showing Whether Teacher Candidates' Creativity Perception Scores Differ
According To Their Sections

Squares Squares
sd F p
Variance Source Total Average
intergroup 901,916 10 90,192 ,410 941
inter-group 81301,171 190 219,733
Total 82203,087 200

p<0.05
Table 3 is examined, it is seen that there is no significant difference between the perception of creativity
perception of teacher candidates who took Instructional Technology and Material Design course according to the
part studied F (10, 200) = 0.41 p> 0.05. It can be stated that the teacher candidates' scores on the perception of
creativity are not affected by the department variable they study. It is possible to explain the reason for this
situation as the teacher candidates are being trained in a similar education system in the faculties of education.

Table 4. MANOVA results showing that teacher candidates' attitude levels towards OTMT course differ
according to their departments.

OTMT Attitude

For The Course

Section

N X SS sd F p d
Scale
Bottom
Dimensions
Social Knowledge.
Inst. 17 72,6 14,13
Classroom Teacher 36 77,5 10,12
English Teacher 20 66,86 15,63
Painting Teacher 7 70,5 8,89
Science Inst. 16 69,45 11,31
useful Special Education

Inst. 25 68,37 17,33 10-370 2,74 0,00 0,07
Turkish Teacher 18 71,97 13,65
MathematicsTeachr 8 74,55 11,09
Bote teacher 20 70,09 11,63
Music Teaching 11 70 6,21
Preschool Teacher 22 67,55 12,66
Social Knowledge.
Inst. 17 21,02 4,76
Classroom Teacher 36 21,94 5,59
English Teacher 20 19,96 3,65
Painting Teacher 7 20,66 3,78
Science Inst. 16 18,85 33

Abnegatin Special Education
Inst.

25 19,72 5,61 10-370 1,35 0,20 0,04

Turkish Teacher 18 20,11 4,76
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Mathematics Teacher 8 20,36 4,68
Bote teacher 20 20,25 4,73
Music Teaching 11 19,42 5,35
Preschool Teacher 22 20,7 4,54
Dimensions
Social Knowledge. Inst.
17 34,34 9,96
Classroom Teacher
36 36,1 5,83
English Teacher
20 28,13 8,03
Painting Teacher
7 28,38 4,92
Science Inst.
16 29,07 5,6
Special Education Inst.
25 30,54 9,37 10-370 5,76 0,00 0,14
Turkish Teacher
18 30,54 6,04
Mathematics Teacher
8 31,52 7,18
Bote teacher
20 28,12 7,39
Music Teaching
11 29,15 6,3
Preschool Teacher
22 28,61 6,84

The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC  Volume 2
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Table 5. Education Technologies and According to aAttitude Points to Intended Material Desing Turkey

Test Findings
Averages
Sub-dimensions of the scale  (I) Section (J) Section p
Difference (I-])
Social Knowledge. Inst. 4,9032 , 735
English Teacher 10,6464 ,010
Painting Teacher 7,0085 ,602
Science Teacher 8,0561 ,061
useful Special Education 9,1301" ,025
Classroom
Turkish Teacher
Mathematics Teacher 5,5370 ,606
Bote teaching 2,9558 ,989
Music Teaching 7,4147 212
Preschool Teacher 7,5085 464
Turkish Teacher 9,9497" ,012
Classroom Teacher -1,7596 ,986
English Teacher 6,2042° ,024
Painting Teacher 5,9532 ,136
Science Teacher 5,2707" ,048
Social Special Education
Knowledge. 3,8016 ,456
Inst. Turkish Teacher 3,7992 ,479
Mathematics Teacher 2,8158 ,838
Bote teacher 6,2171° 017
Music Teaching 5,1842 ,281
delectatin Preschool Teacher 5,7245" ,036
Social Knowledge. Inst.
English Teacher
1,7596 ,986
Painting Teacher 7,9638" ,000
Science Teacher 7,7128" ,004
Classroom Special Education
Teacher 7,0303" ,000
Turkish Teacher 5,5612" ,013
Mathematics Teacher 5,5588" 016
Bote teacher 4,5754 ,089
Music Teaching 79767 ,000
Preschool Teacher 6,9438" ,014
Social Knowledge. Inst. 7,4840" ,000

p<0,01

Table 5 is examined, it is seen that the teacher candidates' attitude points towards Instructional Technology and
Material Design course show a significant difference according to the departments they study [Wilks Lambda ()
= 0.823; F (3, 368) = 2.49 p <0.01. When the usefulness subscale of the Attitude Scale for Instructional
Technology and Material Design Course is examined, it is seen that the attitude points of the teacher candidates
towards the Instructional Technology and Material Design course show a significant difference according to the
departments they studied [F (10, 370) = 2.74 p <0., 01, d = 0.07]. Similarly, when the sub-dimension of the
Attitude Scale for Instructional Technology and Material Design Course is analyzed, it is seen that the attitude
points of the teacher candidates towards the Instructional Technology and Material Design course show a
significant difference according to the departments they studied [F (10, 370) = 5.76 p <0.01, d = 0.14]. Finally,
when the subscale of the Attitude Scale for Instructional Technology and Material Design Course is examined, it
is seen that the attitude scores of the teacher candidates towards the Instructional Technology and Material
Design course did not show a significant difference according to the departments they studied [F (10, 370) =
1.35 p & Gt; 0.05, d = 0.04]. Within the frame of these findings, it is possible to say that teacher candidates who
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study in different departments and who take Instructional Technologies and Material Design course have
differences in teaching technologies and material design, and find differences in their level of enjoyment.

Table 6. Pearson Correlation Analysis Results Showing Whether There Is A Significant Relationship
Between The Teachers' Perceptions Of Creativity And Their Attitudes Towards Instructional
Technologies And Material Design Course.

NKY YD
NKY ;
YD ,070
H ,057 312"
YR ,046 247"
BMH 121" 1217
UBMT ,068 155
BMT 149" 085

*p<.05; **p<.01

Not: NKY: How creative are you; YD: repudiation; H: Ho lanma; YR: Yararlilik
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When Table 6 is examined, it is seen that there is a low, positive and significant relationship between the self-
efficacy belief levels and the creativity scores of two-dimensional material design from the sub-dimensions of
diizey Material Design Self-Efficacy Belief Scale boyut. = 0.15, p & 1t; 0.01); Although it was seen that
“Material Design Self-Efficacy Scale & was a positive and significant relation between self-efficacy belief levels
and creativity levels about computer material preparation sub-dimension (r = 0.12, p <0.05). There is no
significant relation between self-efficacy belief levels and creativity levels for three-dimensional material design
(r=0.07, p> 0.05) (see Table 4.9). According to this, it can be said that pre-service teachers have an increase in
their level of creativity, or that an increase in their level of creativity affects the level of self-efficacy belief in
material design.

Discussion, Conclusion And Suggestions

In an accreditation study conducted in the USA, the awareness of the technology and materials used in the
teaching of the faculty members in the university and the evaluation made in the course of the course showed
that the instructors' technology awareness and use on the basis of fields differed (Hora and Holden, 2013). This
result is effective in the emergence of differences in the application of OTMT course which teacher candidates
receive by field educators or educational sciences expert.

Uncovered in studies with teachers in Turkey; negative results such as inadequacy, self-confidence and lack of
knowledge, theoretical method and similar results were also observed in studies conducted abroad. As a result of
a study conducted by the Office of Technology Assesment in America, teachers and candidates stated that they
felt they were inadequate in instructional technologies, did not receive effective training in in-service training,
and did not learn the technologies to be included in the teaching (Yanpar, 2011). In addition to this evaluation, it
was found that 75% of the universities in the study conducted by the researchers in some states was not a subject
related to instructional technology in teacher education (Yanpar, 2011).

Yaman materyalin (2007) in his study with the Turkish teachers stated that they felt inadequate in terms of
material design in their fields. It should be noted that the field educator's contributions to the candidates on their
professional gains. English teachers who take the OTMT course from the education sciences specialist and the
other instructors are the most ineffective gain of the course. Erol (2012) 's) Elementary Education II. In this
study, it was found that there was no significant difference between the use of instructional technologies and the
use of instructional technologies according to gender variable. It is thought that male teachers in the sample may
be more interested in using technology than women, and this situation is reflected in education-training
environments.

In his study, farklilik A Study of the Instructor of Technology Integration in the Classroom. Draheim and Weber,
(2005). he found no significant difference in the use and integration of technology according to gender variable.
This result may be due to the fact that 84% of the participants were male and 16% were female. As a result of the
study of Dobbins, (2009) there was a difference between teachers' views in terms of gender variable. In the study
there is a difference between the use of educational technologies and differences in the use of computers, books,
multimedia, audio cassettes, tapes and data projections. According to this, it is concluded that male teachers say
that they use more new technologies such as computers and multimedia compared to female teachers.

In a study by Dikici and Sagnak (2010), it was found that the teaching proficiency scale had a positive but low
correlation (r = .126) between the general teaching sub-dimension and attitudes towards teaching profession, and
this correlation decreased when other variables were controlled (r = .125). ). In addition, it was found that there
was a low negative relation between the sub-dimensions of the competency scale and the attitude towards
individual teaching and teaching profession (r = -. 124) and a low negative relationship between the self-
confidence of the other sub-dimension and the attitude towards the teaching profession (r = -. 007). Similarly, in
a study conducted by Celikkaleli and Akbas (2007), it was found that teacher candidates' self-efficacy beliefs
about science teaching accounted for 39% of the attitude variance towards science lesson. In addition, in a study
by Ozkal (2013), it was found that 6th and 7th grade students' self-efficacy beliefs towards Social Studies course
were a strong predictor of positive attitudes. It was found that the self-efficacy belief scores for the Social
Studies course could explain 16% to 22% of the variance in the positive attitude towards the Social Studies
course. In this context, it is possible to say that there is a similarity between the findings of the eighth sub-
problem and the findings from the literature.
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Abstract

Educational research has pointed out the problem of rote-learning and the effect of concerning conceptual teaching
and learning. Lecture activities in this environment students need to consider this aspect while constructing any
task by themselves and teachers must develop teaching activities where this is possible in classes. We present in
this study analysis of the classifications with creative reasoning applied to vocational school students. This study
focused the model established by Lithner (2008) that discriminates between derivative reasoning that linked to
eficieent learning of algorithms and concepts, and creative reasoning that includes conceivable math originated
opinions. The study includes the investigation of records, lecture textbook, coursework and examinations applied
to basic mathematics classes in from different three universities in Turkey with the view to classifying the types
of reasoning expected of the students. More over explaining of our application model to Lithner’s method, also
we focuses validity of the method used a basic factor in this study for categorizing reasoning alternative conditions
in our mathematics classes.

Keywords: vocational school, mathematical reasoning, lithner’s method

Introduction

There are many mental abilities for students that has a powerful role directly to affect students’ mathematics
learning but powerful and useful mental activities and non-classic problem-solving skill that known to be closely
connected to math accomplishment (Swanson & Alloway, 2012). Educational studies of students’ mathematical
proving had also positive effected conceptual context of mathematical verifying for better presentation of the
different views of students' ability in mathematical demonstrating. The other way involved in students’ assessment
of math confirmations and rational understanding of many confirmation styles (Antonini & Mariotti, 2008; Harel
& Sowder, 1998; Selden & Selden, 2003; Stylianides & Stylianides, 2009). The reporting studies has partial effects
of logic training, but, didn’t discover the use of arithmetical and algebraic examples as an different of logic training
and the effects of such an education program on students’ justification of mathematica proofs and rational
information of different proof approaches (Bhaird at all., 2008; Unsworth and Engle, 2005).

Calculating skills and routine learning of mathematical rules also necessery for an efficient problem-solving
process, since the focus can be settled in the task at widely changing of each small subjects. The connection
between some reasoning procedures and math reasoning is basic motif of the results of our experiments in this
study (Norgqwist, 2016). Lithner (2008) gives reasoning as ‘the line of thought adopted to produce assertions and
reach conclusions in task - solving’. This description has powerful and ordered or simple points and could not be
limited to general analyze of mat theorems. The method is suitable in working the mental analyse procedures
needed to explain difficulties in basic mathematics classes, that usually confirmations of the theorem are not
presented, in this step learners should compose a simple configuration to make reasonable opinions and decisions
during their tasks. Lithner give main differences between imitative reasoning that is connected to repetition
education and impression of numerical calculating and imaginative reasoning that includes reasonable math-based
opinions. In this study, it is applied the context to categorize the reasoning prospects obtainable in the context of
business mathematics offered in the three universities (Bhaird at all., 2008). We are using classes for expert and
non-expert students, More over essential and non-essential modules.

Many process and procedure in mathematics are remembered for fast and unforced in lecture. For example, the
command of basic operations can be completed to have rapid operation to go to final step. But this operational

* A brief version of this article presented at INTE 2018
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format can also convert to a big problematic situation if it happens without understanding the main idea. Rote
learning can be defined as a mechanical repetition of the learning concept (Mullis, Martin and Arora, 2012).
According the education researchers, transition from high school (or college) to university is generally recognized
as a difficult and painful process and learner usually accept that the transition in mathematics and science classes
is especially difficult and a challenging journey (Boesen and Lithner, 2010). Students’ problems in first year
mathematics turn out to be conceptual approach rather than concrete presentation of mathematics teacher
(Gueudet, 2008; Fucawa-Connelly, 2005). Students’ problems are especially cognitive understanding of the
concepts such as complex numbers, special function, derivate, and deeply analyzing of definition of these concept
and their long and abstract proofs. These basic concepts of vocational school mathematics are also used extensively
from the students with the departments such as engineering, physic, biology, some social programs. It is a well-
known and famous math approach that the study of mathematics be efficient step by step with the development of
abstract thinking skills (Clark and Lovric, 2009; Lithner, 2008 Bhaird at all., 2008).

Conceptual Framework

When rote learned notions convert the core information, learner would not answer problems that has changed
views from instructor’s sample or textbook’s application (Weber, 2001). Mathematical proofs are crops of
Mathematical demonstrating. Moreover, we prefer to use the term “Mathematical Proving” in this study had used
with proof constructions (Harel & Sowder, 1998; Weber, 2001). This skill had been planned as a significant for
students’ proof and demonstrating (Alcock & Weber, 2005; Selden & Selden, 2003; Bhaird at all., 2008).

In this study, some kind of questions is learner’s work equipment’s during the investigation period. Lithner (2008)
clarified differences between imitative and creative reasoning. Imitative reasoning has the following key forms:
memorized and algorithmic. In order to be grouped as memorized a reasoning technique should have involved the
following steps: a). The tactic choice is investigated on focusing a whole response. b) The tactic application wants
to have the recording version (Bhaird at all., 2008).

The reasoning indorsed by the mission is connecting on the learners’ previous information and the textbook,
direction, or examples. Learners’ reasoning classification going on with the presented mission by their teacher and
going on to a response that is the creation of the mission (Norqwist, 2016). The creative reasoning organization
can be separated into two subclasses (Dreyfus, 1991): Local creative reasoning; and Global creative reasoning. A
problem set is recognized “need local creative reasoning” if it is answerable using any math algorithm but the it
wants to be adapted by a math algorithm locally. A problem group is recognized “need global creative reasoning”
if the problem doesn’t have an explanation that is created on any math algorithm and requires creative reasoning.
This kind of reasoning is usually presented at the vocational school level when students are requested to remember
a math concept, to state an axiom and a proof of specific theorem (Bhaird at all., 2008). Lithner (2008) gives a
reasoning application for creative view if it has the following three types:

i An original reasoning arrangement is be activated: Novelty
il. Performing of opinions is essential to study on a strategy. This inspires learners be aware of that the
decisions are true or not true: Plausibility.
iil. Background level of student’s ideas for the accomplishment of the strategies: Mathematical foundation.
Method

In this study, we applied a question paper from mathematic classes of the different departments of three vocational
school in Turkey. The classes contain the mathematics elements. These modules were constructed from the
mathematics classes presented to vocational school students. The data in the study contain of the next kinds of
question models: classroom notes, textbooks problems, exercises and different questions types. It was grouped all
the information with the collaboration of the module lecturers. The data analysis of every element is being directed
by the authors of this article (Bhaird at all., 2008).

The exploration method confirms consistency of the analysis of the lecture material from the modules used for this
study. We first made the analyzing of the categorization of the examples and problems from our lecture textbook,
in order to gain some experience and test our classification methods. These procedures were presented by Lithner
(2008). He first constructs an answer to the task and later related them to the lecture papers and text exercises. By
focusing his/her context, we examine that the task would be answered by means of algorithmic reasoning and the
creative reasoning is required for the analyse. In this period, we observed that the most problematic choices are
related about the organization of tasks into the local creative reasoning and we planned the framework as the way
that: we define that we could modify a problem as local creative reasoning if the local creative reasoning was
settled on an mathematical algorithm (Bhaird at all., 2008; Norqwist, 2016).

Analyses and Findings

We present some examples of tasks designed by the researcher classified using the Lithner reasoning framework.
We concentrate on a main subject to be comprehensible status and to be more confidence to relating groups. We
select the topic of rational equations, that is important in many basic mathematics classes. In the course for a
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question, the classroom documents and the textbook examples of rational equations using the quadratic formulas
(Bhaird at all., 2008). Moreover, we present some examples that exemplify the methods planned for this study.
Task 1: Solve the following rational equations, give your answers with different format if it is possible.

(@) x?—12x+35=0;

(b)x%2—4x-1=0;

(c) 6x2-24=0;

(d)x?-10x+25=0;

(e) x*+6x+10=0;

(H) x* — 12x + 150 = 8x + 54.
Analysis of the parts of the Task 1:
In this question, students are expected to use the quadratic formula or factorization of the rational equations.

a) x2—12x+35=(x—5)(x—17), than the solutions are x =5,7;

b) by using of the quadratic formula of rational equations, than the final step of the solution is x = 2+V5 ,
with other expression, x =4.236, and x =-0.236;

c) 6x2—24=4(x*—4)=2(x - 2)(x + 2), so the solutions are x =2, 2;

d) x2—10x +25 = (x — 5)%, so there is just unique solution at x = 5;

e) using the quadratic formula we have x = —3+\-1, so there are no real solution;

f) subtracting 8x + 54 from both sides gives x*> — 20x + 96 = 0 and since

x> —20x + 96 = (x — 8)(x — 12), the solutions are x = 10, 14.

Task 2: Give the solutions to the next equation:
(x—7(x+4)(3—x)=0.
Analysis of the Task 2 (Bhaird at all., 2008):
(x=7)(x+4)3—x)=0, we conclude that x =7, —4, 3.
This task is clearly a creative reasoning task, because of that it is a local creative reasoning task. The learners can
use the factor method process from their lecture textbook.

We can easily say that the method in this question is an Imitative Reasoning task, more specifically it is an
Algorithmic Reasoning application. The learners only need to apply the algorithms from the lecture documents or
from the math textbook proposed by the teacher.

Task 3: Firs solution of the following quadratic equation
x*—13x+n=0

is that x = 6. Tyr to find the other solution of the equation.
Analysis of the Task 3 (Bhaird at all., 2008):
Since x = 4 is a solution, we can see that

6*—13.6+n=0, than n=42.
Applying the last information, we can solve x?> — 13x + 42 = 0 using either the factor method to reach that the
second solution of the equation is x = 7.
This approach is a creative reasoning task, especially we can say that this is a global creative reasoning task. We
assume that the lecture documents and math textbook have not the concept of index that an algorithm such that or
example the students can apply it to solve this question. Students requires to produce an original a plausible
approach to reach the number n (Bhaird at all., 2008).

Result

Mathematics students employed much time to apply of the tasks. It is significant to study with these tasks from a
learning perspective. It is vital the advance of basic math abilities such as creative reasoning of student that transfer
students to powerful and solid mental levels and their assignation with the educational procedure. In this paper, it
was focused, to understand student mental processing, an analysis of the classifications study for creative reasoning
approach applied to vocational school students. We need to note that the analysis of all questions used for this
research for the different classrooms has not been presented in this paper. Thus, we don’t give full finding of the
research question in the section of findings (Bhaird at all., 2008).

Finally, we believe that it is valuable presen to students, especially vocational school students the chance to involve
each of them with the question individually and the teacher need to control student creative reasoning in
development of the lectures. Organizations of the subject like the examples used in this study can help teacher to
be sure they make stabile their mathematics teaching to confirm that students are faced with a suitable diversity of
reasoning studies, and to be aware of an much emphasis on classic and same examples that is to replication of the
information presented by teacher. Moreover, positive reaction were given to us from our vocational school students
and students’ solving of many questions in the task would be a positive energy for us to try producing new studies
and application by using creative reasoning approach (Bhaird at all., 2008). According to us, creative application
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could be modulated to many mathematical properties or concepts and give us a deeper conceptual understanding
of student mental functionality than algebraic computations. So, applications as classroom events can be essential
if we aim of our students to become mathematically powerful and well-educated (Norqwist, 2016).
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Abstract

A joint experience, in teaching Mathematics, of the Architectural and Engineering Schools of the Politecnico di
Milano and Universidad de Granada is presented.

The results, proposed in Informatics Laboratory, are the applications of the basic knowledge related to the
definition and behavior of two-variable functions and of the language of Parametric Geometry. Precisely,
mathematical methods providing metamorphosis of tridimensional objects are considered.

The goal is to show how mathematical topics, of a certain difficulty, are actually justified in a historical context
and are, therefore, made appreciable through graphic applications of remarkable vivacity and unpredictability.
Keywords: Laboratory activity, functions of two variables; parametric surfaces

Introduction

When thinking of Mathematics, one can often think of an arid, however precise composition of numbers, formulas,
theorem proofs.

If one is more open minded, one can also think of mathematics as of an indispensable support to the applied
sciences, such as Physics, Biology and Chemistry for the observed phenomena simulation.

One rarely considers Mathematics as a free expression of an idea allowing space for imagination and the aesthetic
sense. Yet Mathematics means also this, and, mainly this, for some mathematicians. Thus, a certain kind of
Mathematics - inasmuch as it is free and abstract - is much closer to Poetry and Music than to the exact and
experimental sciences, to which it is commonly associated: The poet must be able to see what others do not see,
he must see more deeply than other people, and the mathematician must do the same ... (Sofia Kovalevskaya,
1850-1891)

The most significant turning points concerning mathematical thought emerged out of simple but deeply innovative
ideas. One example of mathematical expression, certainly originated by imagination more than by logic, is
Analytic Geometry. To imagine and to invent how curves, surfaces could be represented not only with the help of
drawing instruments and the brush, but also through a few simple mathematical equations, demanded a kind of
sensitivity which neither the architect nor the poet possessed, yet still one which, for its characteristics, we can
name artistic.

One can naturally make a different use of what has been imagined and then proposed to him/her. (In Poetry, for
example, metrics can be considered both as a binding law that, since it must be respected, can lead to correct,
irreproachable, albeit sterile results, and as starting point, a hint to create literary masterpieces: it all depends on
how somebody’s principles are interpreted and elaborated by somebody else). Analytic Geometry, just as metrics,
can be used as a means to classify and manipulate acknowledged shapes, but, above all, to elaborate new ones,
either already looked for or still unpredictable, thus opening the way to new creative horizons.

Supported by the idea that mathematics can be deemed intrinsically beautiful and creative and that it can project
its aesthetic and artistic taste on what it creates, we would like to show, in this paper, how the mathematical ideas
acquired in Analysis and Geometry courses from young students in Architecture or Engineering can offer, thanks
also to modern technologies, graphic results beautiful and very unusual results.

Through these results it is our belief that students succeed in sympathizing with Mathematics, but above all they
are able to become familiar with the real three-dimensional space and be concretely aware of the shape qualities
of 3D objects.

Experiments in computer laboratory come from the experiences of two different Universities: Schools of
Architecture and Design of Politecnico di Milano and University of Granada Schools of Civil Engineering and
Building Engineering.

Functions Of Two Variables: Short Historical Excursus

The history of Mathematics is as fascinating as the life of man, since it has accompanied him throughout his life.
We take a quick tour of History, to find out how the concept of function has been developed.
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The instrumental nature of Mathematics appears naturally in the Babylonian culture, a group of peoples who lived
in Mesopotamia, for the resolution of everyday economic problems: numerical record of assets deposited in
temples, geometric calculations, construction of algorithms. In their astronomical studies, they tried to predict
certain events, from the observation of various phenomena. We have found tables with squares, cubes and inverses
of natural numbers. Undoubtedly, implicitly, these tables define functions of N in NV and of Vin R.

From the Egyptian Mathematics, the oldest data we have, come from two documents: the Moscow papyrus and
the Rhind papyrus (also called by the name of its scribe, papyrus of Ahmes) from about 1800 b.C and 1650 b.C,
respectively, and whose contents could be dated to approximately 3000 b.C There is evidence of a table with the
decomposition of 2/x into unit fractions for odd numbers n from 5 to 701.

In classic Greece some relations between the elements of two sets were also used, the closest thing to the concept
of function. What stands out most is the use of proportions of numerical character, with magnitudes of the same
type.

Ptolemy introduces the sine function, with a string table, although in reality there is still no idea of a variable or
function.

In the Middle Ages, not enough was advanced in the concept of function due to the disproportion between the
level of abstraction, which was already had and the lack of adequate mathematical symbolism.

In the fourteenth century the French mathematician and astronomer Nicolas Oresme stands out, for geometrically
approaching the study of changing phenomena, by means of rectilinear segments, which reminds us of the graphic
representation of a function, but with the lack of the current sense of dependence.

The schools of Oxford and Paris have played a fundamental role in the development of the general notion of
function.

In the Modern Age, the formation of the concept of function, is located in the seventeenth century with Galileo,
Descartes, Fermat, Newton, Leibnitz.

Due to Newton, among others, the development of functions in infinite series of powers is studied, which makes
possible the analytical representation of the vast majority of functions studied then.

Leibnitz in his manuscript of 1673, Methodus inverse tangentium, seu de fonctionibus, uses the term function for
the first time.

In the eighteenth century, Jean Bernouilli uses the word function with a meaning closer to the current.

It will be Euler in his work Introduction in Analysis Infinitorum (1748) where he makes a detailed study of the
concept of function, classifies the different types and we owe him the current notation.

Lagrange in the Théorie des fonctions analytiques (1797) systematically developed and applied widely the
differential and integral calculus of multivariable functions.

Functions Of Two-Variables: The Teaching Environment
We put special emphasis on the fundamental role played by function of two variables concept in Architecture,
Sculpture, ornamentation of some buildings, as well as in the construction of great works, such as bridges.

It is important that the student is aware and knows how to see in the Art, in the great works of Engineering, even
more in Nature, the beauty of Mathematics. For this reason we propose to students a brief visual review of some
emblematic buildings, constructions, etc. in which the mathematics are fully present. For instance:
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Function Of Two Variables: Some Topics In The Didactic Course

Here in the following we present a short summary of program of the courses:

The concept of Cartesian product is remembered, and as a particular case R2.

The concept of real function of two real variables is introduced.

Analogous to the functions of a variable, the domain, the maximum domain and the image of a function of several
variables are defined.

The different types of functions are studied, among them: the polynomial functions of several variables, functions
of separate variables, ... etc.

Continuity of functions.

As a particular case of polynomial functions, quadratic forms are studied in detail, whose incidence is fundamental
for the study of optimization.

Matrix and polynomial expressions of a quadratic form, as well as the relationship between both. The classification
by minors and eigenvalues is studied.

Theorems of continuity.

Level sets.

Obtaining the sense of the growth of a function, from the level sets.

Drawing of the feasible region of an optimization problem with inequality constraints.

Resolution of optimization problems with inequality restrictions.

Resolution of linear programming problems.

In the computer classroom, with a specific program, students learn to draw the functions of the variables and their
level curves. It is one of the clearest ways to identify absolute maximums and minimums, provided that the
appropriate conditions are met (Weierstrass Theorem). They can solve using the graphical method problems with
inequality constraints.

Let's see these examples of contour lines:

Given the difficulty of the topic, it seems to us that it is opportune to preliminarily observe the graphic
representation of functions with two variables of various types to highlight the problems of regularity that will be
treated in a rigorous way in the second half.

We therefore pose the problem of 3D function graphics.

Parametric Surfaces
Most surfaces and curves in Greek geometry are defined through characteristic properties valid only for them,
which are generated, with the help of drawing instruments, through ad soc methods.
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In order to overcome this restricted method of operating, one needs a radically different point of view, a method
that can be applied to curves and surfaces, without being distinctive of any of them, but rather more concerned
with the main and general features of the process than with its refinement and precision.

A decisive step was made with the introduction of the Cartesian coordinates by the philosopher and mathematician
Descartes (1596-1650). Descartes publishes his great work "La Geometrie" in 1637, where the birth and expansion
of Analytical Geometry is established, which will allow the interpretation of curves and surfaces and the idea of
dependence between two variables is expressed for the first time. Along with Descartes it is fair to mention Fermat,
who formalized the equation of a line (with the notations of Vigte).

A point, in the tridimensional space, is characterized by its X,) and z coordinates: if these vary without

restrictions, the point describes the entire space, but if instead the coordinates are bound by a mathematical law,
the corresponding point generally describes curves or surfaces. Complicated and intricate curves have already been
described since the end of the seventeenth century: among them are the geometrical flowers by the Italian
mathematician Grandi (1671,1742), a real virtuoso.
In analytical or Cartesian Geometry curves and surfaces are graphed by plotting points, being thus totally
independent from a curve or specific surface, which is defined only by its equation.
This is not a new Geometry, but it is a new language. Cartesian formulation is therefore more powerful and agile
than that of classical Geometry.
A further greater flexibility is then obtained from the Cartesian coordinates system with the introduction of
parametric equations, that is using the language of Parametric Geometry. The coordinates of the “moving” point
on a surface are described as a function of two parameters, which changes linearly. For instance the Cartesian
equation z=f{x,y) can become:

xX=u

y=v
z=f(u,v)
These equations are more easily computable and therefore lend themselves well to a graphic usage (particularly if
computerized).
In conclusion, through the graphic representation, the characteristics of regularity of the functions are therefore
highlighted to the students who can, consequently, observe and deepen their study.

Goals Of Proposal

Suppose that the student has understood the basic language with which to describe a function of two variables and
that, through this knowledge, is able to use the language of parametric geometry, understanding its potential, to
interpret and draw surfaces.

At this point our goal is to put the student in front of the ability to view, apply their knowledge and also have fun,
with the use of simple computer tools for graphics.

The experiment carried out in an informatics laboratory is of a graphic type, thus giving back an image, making a
synthesis between the use of the parameterization of a surface and the knowledge of the graphs of classical
functions of two variables, .

The result is incredible and suggestive images, which the student will judge, not only in terms of mathematical
characteristics, but also of beauty.

Activity Description
More precisely we will try and show how a plane figure, which may be generated and expressed through formulas,
can develop, either arbitrarily or according to a set aim, into various three-dimensional shapes. A precise
mathematical rule, one which is apt to preserve through mutations those characteristics that can be defined, even
if not always appropriately, topological of the basic figure, will be required here.
Let us take into consideration a basic geometrical shape, namely a flower shape similar to a rodonea by Grandi.
The parametric equations of the curve tracing the contour of the flower are the following:

x = rsen(8t)cost

y = rsen(8t)sent 0<t<?2m (1)

z=0

where the parameter 7 is the angle (measured counterclockwise) between horizontal and the line through the center of the
flower and the current point of the contour of each petal, and 7 is the maximum of distance of this point from the center
of flower.
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Figure 1
Let us notice from Fig.1 how the flower has 16 petals; actually the distance of the point of flower contour from

T
the flower center is zero for the angles ¢ = kg (k=0,1,...,16).

A flat surface results from filling a proper area inside the contour of the flower; we obtain its equation by
introducing a second parameter characterizing, in a variable way, the variability of the distance from the flower
center. That is:
x = rvsin(8t)cost
y =rvsin(8t)sint 0<t<2m, a<v<1
z=0

- 8
inFig. 2 a =1

Figure 2

The central idea to the process consists now in developing this basic shape according to a fixed mathematical law,
although leaving the results a large margin of unpredictability. Obviously the law which links two parameters is a
real function of two independent variables

We have thought of a metamorphosis law leading the flat-planed shape within the three-dimensional space, through
its projection upon different surfaces. From a mathematical point of view this means that the third coordinate in
the parametrization, describing the developing surface, must be properly subjected to variations.

A first example (see Fig.3) shows the projection of the basic figure upon a saddle surface (hyperbolic paraboloid)
of parametric equations:

X=v
y=u v,ureal parameters
z=v?%—u?
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Figure 3

on which the basic figure is projected (see fig.4).

Figure 4 Figure S

The projection (see fig.5) has the following parametric equations:

x = rv sin(8t) cost

y = v sin(8¢) sint 0<t<2r a<v<i

2
z = (rv sin(8t)) " ((cost)? — (sint)?)

In this first example the chosen surface is very regular as a consequence of the regularity of the function that
defines it.
You can then choose less regular surfaces with the presence of discontinuity (or weakening of the derivability) of

the function.

For instance in fig. 6 the basis form is projected on the surface of parametric equations:
xX=v

y=u
viu
g + 10
which for v=u4=0 has a weak discontinuity and partial derivation discontinuous.
The resulting surface equations are:
x = rv sin(8t)cost
y = rv sin(8t)sent 0<t<?2m a<sv<l1
z = 10 + rv sin(8t)sint(cost)?

v,ureal parameters (except v = u = 0)

zZ =
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Figure 6
In conducting the proposed laboratory activity, it is therefore evident how the student is stimulated to deepen the study of
the characteristics of functions of two variables, finalizing the enhancement of their creativity.

Results

Hence our imagination was let loose ; the projection surfaces have been progressively chosen for their greater
geometric complexity and the figures we obtained have taken unbelievable shapes, now light, subtle and elegant,
now strong and aggressive ; at times we can recognize them from their basic shapes, at times we can’t, since they
look absolutely different, but, full of harmony or confused as they may turn out to be, they are nevertheless always
in tune with the geometry appearing on the chosen projection surface.

The colors themselves, which have never been modified by graphic programs, fade or become more intense
according to the shape alterations, spontaneously contributing to the aesthetical research of the final shape.

One can remark how the symmetry and the regularity of the projection surface are reflected on the symmetry and
regularity of the projected shape and how, on the contrary, the discontinuities, the harshness and the asymmetries
of the projection shape can alter the original symmetry and regularity.

In the first instance we obtain continuous and smooth shapes (Figs. 7-13), while folds or edges become evident
when irregularities arise in the derivatives of the function used. Discontinuities in the function and in its derivatives
determine the examples in Figs. 14-18. The surfaces in Figs. 19-27 show examples of “paintings” obtained from
the same basis form by the composition of different surfaces with different regularities.

Figure 10 Figure 11 Figure 12

97



T( }]ET The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2
BiEaiaatianal Toarnsingy

Figure 25 Figure 26 Figure 27

98



TCJET

=]

hw Turkimh Ondrw Journul
of Ealsotianal Tsanmzingy

Final Remarks

All figures have been produced with the help of a graphics animation program, simple to use, that is structured in
such a way as to allow us to deal with the parametric shapes in the best way. The program has been elaborated by
our research group. Any other graphics program that can see the parametric shape of the surface as an input can
be used for this purpose.

The results of our work are to be seen in the images here reproduced, which at times have pleasantly surprised
even ourselves. Above all they have stimulated us and suggested the way to single out further potentialities of the
mathematical and data processing instruments.

Those, who may like to use it, will decide how to deal with this typology of results. If a mathematician, he/she
could study geometry on a particular form; if a designer, he/she could devise an object to which the resulting shape
may function as a support, or more simply, if he/she feels like it, one could simply enjoy its aesthetic quality.

REFERENCES

Boyer, C. B. (1999) Historia de la Matematica. Madrid, ES: Alianza Editorial.

Calio, F. & Marchetti, E. (2017). Curves and Surfaces: Method and Creativity in Design Process (pp. 688-693).
Tojet special issue for INTE 2017.

Calio’ F., E. Marchetti & Scarazzini E. (1996) Operazioni e trasformazioni su vettori Milano, IT:
Citta’StudiEdizioni.

Calio’ F., Lazzari A., Argeri M. & Sesana D. (2011) Geometria vettoriale per la grafica Milano, IT:
Citta’StudiEdizioni.

Calio’ F. & A. Lazzari A. (2017) Elements of Mathematics Bologna, IT: Societa Editrice Esculapio.

Grandi G. (1728) Flores Geometrici, ex Rhodonearum, et Cloeliarum Curvarum descriptione resultantes
Marchetti E. (1998) Linee e superfici Milano IT: Citta’StudiEdizioni, Milano

The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

99



T( 1'-’1",]']5‘1"I” The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

Thu Turkiwh O ice Sournul
of Ealsotianal TsanAzingy

Mathematics Curriculum and Mathematical Process For Vocational Schools in Turkey*

Sinan Aydin
Kocaeli University, Kocaeli Vocational School, Turkey
sinanaydinl704@yahoo.com

Abstract

Every pure mathematicians and mathematics educations researchers have an idea about mathematical abilities, and
this point haven’t regularly argued subject between them. Also, people know that subject is one of the very
essential main abilities and performance. Many mathematics educators believe that the center problems of students
has not about effectively apply to their scientific background to social areas or in their work. Mathematical
activities for laboratory studies of our vocational students and their branch studies has an important aspects for
these department students. Moreover, we can see many problems of our students when they are learning and
making different area activities at the vocational school in our country. In this paper, we are focusing the analyzing
of mathematics curricula of our students. Moreover, we analyses our subject and its environment which is essential
for the technical programs in these school. As a result of this study, it is difficult to say that there are a unique
basic fundamental math lecture program for technical and social programs of vocational school. Also, every
department should organize their special mathematical curriculum needed for them and should focus to
mathematics subject in its special curriculum.

Keywords: vocational school, technical departments, mathematics curriculum

Introduction

The uncontrollable new conditions coming in our life in everywhere of the world and in this new position
everybody should integrated the new life environment, so our students need to have this information from their
musters or teachers. Scientific programs at the vocational department help their members to prepare them to new
life environment. This new criteria give to students a good advantage of mathematical study area. A good level of
student coming with the new position by all scientific abilities performance reactions and moral energy to going
on to stay learning according to his/her special interest. So, we believe that the new modulated curriculum give
many students a standard of manage their life perfectly (Wenger, 1999).

For many vocational students in turkey, mathematics has a powerful position in school program. Vocational
schools give its students to make many applications in many subject of mathematics. More over the classes in this
schools give its students a special thinking perspective that this course has very effective role on our mental
development. The teacher of this course developed relations by in forcing math mathematical situations with its
component and this new situation is not the same of nature of vocational school conditions (Dalby and Noyes,
2015). According to us to make useful and efficient connection with the element of the subject should have a
pedagogical base and classroom positive reaction.

By the connection of this way, educational activities and vocational school perspective has the good coherent. Our
observation tell us that this new environment in vocational culture present a positive atmosphere for their teachers
and students (dalby & noyes, 2015). Studies on the finding of vital context of the lecture in the all curricula
program give necessity an important way that focusing original situations and teaching methods of organizing
math lecture in every curriculum. It is clear that by developing new technologies and their adaptation to education
environment modified the position of teacher and students also all methods used to teach and learn to lectures.
Operation and basic algorithms has a powerful effect on the organizing and conducting math lectures. In new
educational environment student has a good chance to make mathematics quickly and painlessly using
technological material in their studies. We are observing in our lectures that they are operating many calculations
and many operation not to spend much time. (Ernest at all, 2004).

According to this researcher team, in the effective teaching program, students adapted in to the context of
technology. Technology should be modified to the mathematics content in all possible conditions. Such a
curriculum takes necessity technology programs and module the learning and doing of mathematics, so students
spends much time algebraic skills and conceptual understanding.

Every math lecture in the program have some important objectives that provide a math method that they have to
be familiar with all method and organize the all item of this concept to reach the maximum accomplishment.
Positive conditions about the math development process had modulated in some special particular branches. A
very important point in this step has a special way in its context which they have to be effectively correlated with
modificate the new methods into the lecture.

The math approaches that has powerful effect settled in seven steps;

* A brief version of this article presented at INTE 2018
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The mathematical processes that support effective learning in mathematics are as follows (dalby & noyes, 2015);
e  Computational tools

Reflecting

Connecting

Communicating

Reasoning

Problem solving

Representing

Mathematics lectures for vocational schools

Mathematical enviroment develops expressive, helpful and effective at the level they used in submission. In other
words, program need to have the learning of mathematics in the answering of difficulties based on real-life
applications. All departments in vocational schools in turkey are a complete basis of active backgrounds for the
study of mathematics. For example, problem-solving application be done for many departments, as construction
technology, computer programs, business, electrics and chemistry (Hyland, 1999).

The constructional parts within the Turkish education system can be placed back to the different system of schools
related elementary and adult education. The educational system has continued without a coherent discipline for
education (Robert at all., 2005) the vocational education traditions that have grown from these basic areas aim
different curricula.

The advance of math information has a hierarchic procedure. A well-organized and unremitting database has
necessity to give the people understanding of the concept deeply. The basics of significant context, definitions,
theorems and methods were modulated at the all level of grades. The links between secondary school and high
school mathematics and the transition from high school mathematics to university mathematics are very important
in the student’s conceptual development of skills and abilities (Dalby & Noyes, 2015).

Student’s and teacher’s position in math lecture

Teacher and students position in the math lecture can be expressed as very responsible role. They have
responsibilities to develop an efficient instruction programs and methods to provide their students to well
understand the lectures for their lectures and also constructing efficient ways on determination their students
understanding position. Also, they need to know their development level of all activities about school program as
algorithmic abilities which are important to understand teacher and lecture book presentation. All educational
person of vocational school needs to present the same pedagogical and educational perspectives to all students and
in all classes for many students’ position and also, they present different learning environments and positions for
every learner (Ernest at all, 2004). Every teacher need be aware of a main reality that their students want to have
a powerful mathematical background to accomplish the difficult concept of mathematics and modulate them into
other area of mathematics effectively and painlessly. Another important role of the teacher to help the students to
accomplish the understand math which essential and powerful item to applicate basic math concept to other
scientific area in their school programs (Dalby and Noyes, 2015).

Every education member need to be very familiar relation with teaching, learning and assessment modals so
he/she have many alternative way for student to make better their learning skills, mathematical abilities,
application to many scientific area which are in curriculum context and solve the problems that are not directly
connected the problems solved in the classroom by his/her teacher or in lecture books as example or exercises.
Such a program context was given the students in the classroom will make very positive effect on students’
learning and their feelings about the schools and feeling about their teachers and school stuff and such an
educational presentation will provide many advantage student’s social life and working life if they work outside
of the school. And finally, they feel very positive about the lectures especially mathematics if the above subject
be applied to math.

As mathematician we believe that if a school program modified to mathematics lecture very effectively, students
take some responsible roles in their program with their teachers to reach the maximum level good results of the
program and high-level accomplishment at mathematics lectures. Also, to reach to best result of well-organized
program, the motivated students want to be active in the mathematic lectures which is necessary for the good
results and sometimes they try to make some lecture activities themselves. At the end of the well-organized
procedure students will be aware of the very important reality of their education life that a very closed relation is
essential between showing active performance and to reach to very good position at school achievement. We need
to add that some negative results or unexpected situations could be seen at the end of the program application, for
example, a few students don’t want to be take some responsibilities for the mathematic lectures and maybe they
feel that it is difficult to take such responsibilities to accomplish their school program and this is not necessary to
do (Dalby and Noyes, 2015). Usually there is a solution for these students that firs teachers need to be learn the
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reason of the motivation problems than they will give some phycological directions if necessary. So, it could be
taken some good results for these students at the and of the education program. Many education systems apply
such a solution to give them to reach best result in school life, social life or working life.

Mathematics lectures in the programs

Special math programs are applied on the all vocational school departments according the context of these
programs. We note that the basic teaching principles are the same for every department of the vocational programs.
In such a program students’ targets are learning of the subjects most efficiently by their best conceptual and
computational understanding of mathematics and its scientific nature which is directly related to best
understanding. We also add to that such a program and its pedagogical elements constructed to give student the
chance composing of a powerful conceptual backgrounds in mathematics so they will manage their information’s
with an efficient connection the other concept of mathematics perfectly.

A well-designed lecture program gives positive results for students’ departments expectations and their possible
working position according to their department. For the all department of the vocational school math curricula,
math laboratory studies which students are active in the lectures as computer applications, math processes and/or
methods that are modulated mentioned as above, math books or other lecture materials in which all concepts of
the lecture are presented according to students’ department level are accepted as essential to a balanced approach
for the lectures in the vocational school program (Dalby and Noyes, 2015).

The basic math processes determined in math curricula of vocational school math that are problem solving (it is
one of the main processes need to learned all math students carefully because of its power to understand
mathematics more effectively), reasoning (the other name of making mathematics or a necessary tool to operate
mathematics concepts, to understand the relation between mathematic concepts and the application of this subject
the other scientific area), selecting tools or materials (mean that doing mathematics with the all equipment, for
example, all geometric materials or computer or some concrete box using the lecture), connecting (another ways
to be aware of some relations between mathematic concepts, for example, between numbers and functions, or
equations and operations, also the relation mathematics subject and other lecture branches of the vocational
school), reflecting (as one of main critical point for student to organize it correctly because of its nature)
representing (to give a mathematic model or geometric figure which explain what is the meaning of the concepts
carefully), and communicating (as a social concept, it is important doing efficient mathematics between
mathematicians or mathematic students or other students who are using mathematics concepts (Robert at all.,
2005).

In the vocational schools, each of departments’ mathematics courses contain a set of modules of the concept which
determine, and effect student’s department abilities and capacities modulated in these essential processes. It is
clear the we need apply the math processes to student learning and our teaching in all areas of a math course and
in all lectures of every vocational school departments. A balanced or well-organized math program at the
vocational school level includes the development of algebraic skills and application dimensions. The designed
curricula prepare students with the algebraic skills they need to understand other aspects of math that they are
learning, to solve meaningful problems, to apply their program lectures and to continue to meet with success as
they study math in the future (Dalby and Noyes, 2015)

The math skills required in each course have been carefully chosen to support the other topics contained within in
the program. Computers and other appropriate technology will be used when the primary purpose of a given
activity is the development of concepts or the solving of problems, or when situations arise in which computation
is not much important.

Vital point: math processes

The math processes have straight consistent with each other. Problem solving and collaborating have the strongest
value of many disciplines. Problem-solving method inspires students to analyses the focusing to a true way of
concept analyses or be aware of the solving. When we make our students to well motivation in math thinking, we
also to help them to make math analyzing, applying to formulas to new position, focusing on new different solution
types and some approach evaluating with their friends, try to find new relation between the concept and problem
situations. In this point to follow problem solving steps have vital important for the student’s mental developments
during the lecture. All difference approach coming from student need to be supported by the teacher to give them
self-confidences. (Robert at all., 2005).

Problem solving

Problem solving is essential to learning math in the teaching and learning. It is considered an essential process
through which students can accomplish the opportunities in math and is a main part of the math curricula. It is the
main emphasis and area of math in the actual life and assistances students be self-possessed step by step. Also,
problem solving tolerates students to practice the information in different areas and aids them link math with
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conditions related the math subjects (http://www.edu.gov.on.ca/eng/curriculum). It is one of the main processes
need to learn all math students carefully because of its power to understand mathematics more effectively.
Students modificative math information’s and gives sense to abilities by problem solving. It permits students to
cause, transfer ideas, make contacts between math concept and other scientific disciplines. Original problems offer
excellent opportunities for assessing students’ understanding of math ideas, skill to apply concepts, definition,
theorems and procedures. Moreover, this technique helps the cooperative division of thoughts and tactics. Finally,
problem solving give opportunities students find entertainments in math and life.

Reasoning

Reasoning in teaching and learning helps students do true connection with math. Laboratory teaching in math
lecture can continuously assist serious thoughtful. Another words, it is, a prepared, logical and balanced style to
learning math thoughts, theorems and procedures. Moreover, the other name of making mathematics or a necessary
tool to operate mathematics concepts, to understand the relation between mathematic concepts and the application
of this subject the other scientific area

Students learn to service efficient mental operations, product oversimplifications built on explicit discoveries with
their researches problems and deeply understanding of concepts when they analyses, explore and use estimations
with math notions and relations.

Reflecting

The mean of reflecting math ideas or thinking’s is a student frequently and intentionally reproduce his individual
understood procedures. Also, we can explain this concept as one of main critical point for student to organize it
correctly because of its nature Thus, he can identify at the time method he is consuming is not effective, and give
correction to connect to another technique, reanalyzing the problematic situation, look connected information
which could solution (http://www.edu.gov.on.ca/eng/curriculum). Their problem-solving abilities need to be
reinforced at the time student replicate on other behaviors to achieve a problem that students not effectively finish
the application. Focusing on the moderateness at a solution thinking the difficult and innovative problem has
additional position that students could advance the skill to be aware of problems, also find solution for application
studies about real life.

Computational tools

Students want to progress the math abilities at the choice suitable technological apparatuses, software applications,
algorithmic approaches to accomplish specific math responsibilities. Another way of the meaning of this concept
that doing mathematics with the all equipment, for example, all geometric materials or computer or some concrete
box using the lecture Several kinds of tech materials are suitable at classroom and teaching. Students can practice
computers and CPUs to large the volume and to check the dimensions studies to examine and analyse math
concepts, to have different perspectives on concepts and to reduce the time on purely mechanical activities that is
only repeating the same algorithms (http://www.edu.gov.on.ca/eng/curriculum).

The computer and other mechanical tools must be significant problem-solving tackles applied to for several aims
of the program. They are materials of teachers and students could be presented chances to choice and practice
the specific situations which could be supportive when students explore for the particular answers to difficulties
or projects for real life.

Communication

This concept is the method of communicating math thoughts. As a social concept, it is important doing efficient
mathematics between mathematicians or mathematic students or other students who are using mathematics
concepts It is identifications verbally, concretely, choosing numbers, symbols, charts, symbols and all concept of
math. Students connect with people from different culture for various purposes. communicating symbols figures
is an important method in teaching and learning math. Over communicating, students could imitate and make
clarify thoughts, thinking, relations, and math opinions for problems or concepts (Dalby and Noyes, 2015).

The advance of math language and representation make powerful students communicate abilities. Teachers need
to be aware of the several students having different understanding and communication level which there is in the
class to aid students to transfer. When this reason is valid, educators could explain appropriate practice of symbols
and representations in all form of teaching (written or oral). They check precise form of math symbols and
settlements in student studies. They ask clarifying problems and make motivation to students to make conversation
with their teachers by asking some questions to make more energic atmosphere in classroom
(http://www.edu.gov.on.ca/eng/curriculum). Actual class connections need a special atmosphere that is given to
all students in classroom feel relax at the time students talk about the math subject with the friends and the other
school person as instructor.
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Connecting

Problem solving and applications which permit students to find correlations to understand in which way notions
are connected to each other’s. This support the notion to hold main math concept, definitions and theorems.
connecting at the time students to type this type of contacts in their studies, students start to understand math is
connect and use together all of the math concepts and ideas and notions and that students could practice their
understanding and skills at mathematics from which one concept to another one. Understanding the relations
between mathematical steps, definitions, theorems and ideas give students’ math thoughtful more powerful.

Result

At the time learners give explanations for the details of being students to vocational school, the central explanations
at which coming the the examination had always been it was always been very interesting to be classroom and it
is very important for me to develop my information and social position. Motivation to lecture discussions providing
extra indication which many learners are involved in the vocational courses and appreciated the chance to choose
the way of the school or learning.

The academic-vocational sections of the Turkish education system are evident in the student practice through
differences in the aims of learning in vocational schools. Vocational education position is characterized by moving
conditions and viewpoints as students came to central of engagement, for students in change from school to the
work in real life. Connecting the differences and providing a conceptual, comprehensible, expressive and powerful
knowledge of math learning for vocational school students needs an being aware of the change, an unusual method
to math teaching and a mat class or matlab approach that replicates the standards of connecting to the conceptual
context that are significant to for vocational students and teachers.
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Abstract

In the curriculum of the Italian secondary school, in the last decade, there has been a renewed interest in the
practice of programming, also due to the recent national reforms based on the recommendations of the European
Parliament in 2006.

The Maths and Programming project was born with the intention of encouraging the exploration of concepts and
properties typical of mathematics through the use of programming. Research literature in mathematics education
has shown how the practice of programming helps students develop reasoning, intuition and problem-solving
skills. In this perspective, this paper presents the general lines of the project and a didactic activity realized in a
first-year Middle school class (age 11-12 years) through the practice of programming using Python programming

language.

Introduction

Computer programming is perceived as an important competence for the development of problem-solving skills
in addition to logical reasoning. Hence, its integration throughout all educational levels is considered valuable and
research studies are carried out to explore the phenomenon in more detail.

High-level thinking and problem-solving skill are requirements of computer programming that most of the students
experience problems with. Individual differences such as motivation, attitude towards programming, thinking style
of the student, and complexity of the programming language have an influence on students’ success at
programming (Yagci, 2016). In Italian Middle school, for most students the formal methods of mathematics remain
forever mysterious, artificial, poorly motivated, and very obscurely related to intuitive thinking. The teaching of
programming languages as a regular part of curriculum study can contribute effectively to reduce formal barriers
and to enable students to access an accurate understanding of some key mathematical concepts. In the field of
heuristic knowledge for technical problem solving, experience of programming is no less valuable: it lends itself
to promote a discussion of relations between formal procedures and the comprehension of intuitive problem-
solving and provides examples for the development of heuristic precepts (formulating a plan, subdividing the
complexities, etc.). The activity of programming thus fosters an experimental approach toward solving problems;
the use of a programming language provides students with a natural framework, a standard vocabulary, and a set
of personal experiences for discussing mathematics. This is a great educational benefit — the mathematical thinking
of students at all levels is seriously impeded by their inability to verbalise their mathematical experiences
(Feurzeig, et al., 2011). Programming is a creative act that does not stop at the intuition of an idea, but expresses
a constructive process that is expressed in the algorithm.

The ability to develop algorithmic solutions and to express them in a rigorous manner so as to be able to entrust
the execution to a machine - computational thinking - deserves greater attention in the training of future adults as
it forms the basis for a conscious use of technology and for profoundly understanding the computational aspects
of reality. For these reasons, in Italy, the CINI consortium (Consorzio Interuniversitario Nazionale per
I’Informatica - National Inter-university Consortium for Computer Science) has developed a "Proposal for National
Guidelines for the teaching of Computer Science in the School' (https://www.consorzio-
cini.it/index.php/it/component/attachments/download/745) on the basis of the National Guidelines, highlighting
the need to introduce the IT approach to problem-solving from the first school moments.

At the same time, the MIUR (Ministero dell’Istruzione, dell’Universita e della Ricerca - Ministry of Education,
University  and  Research) is  preparing a  syllabus of  Digital Civic  Education
(http://www.generazioniconnesse.it/site/ _file/documenti/ECD/ECD-sillabo.pdf) also in light of the National Plan
for Digital Education (PNSD - http://www.istruzione.it/scuola_digitale/index.shtml) which introduced
computational thinking in schools in order to bring students closer to the basic principles of Computer Science in
a playful context (Coding).

The practice of Coding allows for the achievement of two objectives: learning through programming and
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developing the habit of solving more or less complex problems. In this perspective, Coding can be included in all
the disciplinary teaching activities for each school moment. The policy conducted by the Italian Minister of
Education is in line with that of the European Commission which drafted the Digital Education Action Plan
(https://ec.europa.cu/education/sites/education/files/digital-education-action-plan.pdf), with the goal that by 2020
at least 50% of European schools would take part in Europe Code Week, the campaign for the diffusion of
computational thinking (Klopfenstein et al., 2018). As a result, in the last three years the number of Italian teachers
who use coding in the classroom has grown through appropriate programming environments.

This paper introduces the essential parts of the Maths and Programming project aimed at the construction of
mathematical knowledge through the use of the Python programming language. The main objective is to develop
in students the ability to model problems and design algorithms. Specifically, the authors present an educational
activity, realised within the project, with students aged 11-12 years. The activity is focused on the construction
process of the algorithm for the calculation of the quotient from natural numbers, starting from a real problem.

Theoretical Framework

Today’s digital landscape includes a diverse set of software and applications capable of supporting all sorts of
mathematical activity. Nonetheless, programming has remained a significant part of science, technology,
engineering, and mathematics related disciplines, where professional work often involves not just the use of
existing digital tools, but also the creation of new and/or more adequate computer programs. This is just one reason
why programming has recently regained the attention of politicians, curriculum developers, and researchers
worldwide, who envision it as having potential both within and beyond classrooms (Broley, Caron, & Saint-Aubin,
2018).

In the last thirty years, several studies have been directed to the investigation and analysis of the role and effects
of the use of technology in teaching and learning of Mathematics at the cognitive level (Bishop-Clark, 1995;
Costabile, & Serpe, 2012; Goos, et al., 2003; Lesmeister, 1996; Quesada, & Maxwell, 1994; Lye, & Koh, 2014;
Weber, 1998). In particular, the value of the programming in educational and pedagogical terms has been
recognised internationally (Aydin, 2005; Costabile, & Serpe, 2013; Dubinski, & Tall, 1991; Kuzler, 2000; Liao,
& Bright, 1991; Oprea, 1988; Pea, & Kusland, 1984). Programming is more than just coding, for, it exposes
students to computational thinking which involves problem-solving, as well as using computer science concepts
like abstraction and decomposition.

Wiedenbeck & Ramalingam (1999) defined programming as a process which includes a variety of cognitive
activities, and mental representations related to program design, program understanding, modifying and
debugging. In addition, Bayman & Mayer (1988) specified that programming involves syntactic, conceptual and
strategic knowledge. The syntactic knowledge includes the programming languages’ specific facts and rules;
conceptual knowledge concerns programming structures and principles; and strategic knowledge is related to
applying general problem-solving skills (Cakiroglu, 2013).

The importance of programming since the early years of schooling has also been stressed (Clements, & Gullo,
1984; Clements, 1990; Clements, & Maredith, 1993; Fessakim, et al., 2013). Furthermore, the curriculum of
mathematics has given an increasing emphasis on problem solving processes, indicating didactic problems of an
intentional and functional nature as the educational goals to be achieved, in terms of knowledge, skills and abilities
(National Council of Teachers of Mathematics, 2000). However, in recent years, there has been renewed interest
in introducing programming into teaching because it is a cognitive and constructive activity.

Hatfield (1984) had already highlighted the pedagogical value of programming by detecting the existence of strong
links between the thought processes that are triggered in students when they design and/or write computer
programs and aspects related to mathematical thinking. Even Papert (1980) emphasised the fact that the
construction of a program is configured as the construction of knowledge and, above all, warned about the use of
‘pre-packaged’ programs that inhibit creativity and a sense of discovery in the learner. Similarly, Bork (1981)
associates ‘computer programming as a vehicle for ... training ... analytic thinking applicable to broad classes of
problems’ and Nickerson (1982) states that we can see ‘computer programming as a vehicle for teaching thinking
skills’. Students only learn when they get the chance to construct their own knowledge and re-elaborate previous
knowledge. In Mathematics education, computer programming allows the learner to develop new ideas and
become familiar with them, and handle mathematical objects in an informed way as a result. The use of a
programming environment in the classroom promotes a shift from concrete to abstract learning, and from the iconic
to the symbolic (Kelly, 1984) so strengthening rational thinking.

Computer programming has been described by Nickerson (1982) as a creative endeavour that requires planning,
accuracy in language use, generation and testing of hypotheses, and ability to identify action sequences. It ought
to represent a fundamental part of the literacy for twenty-first century citizens (Rushkoff, 2010) as it is now a skill
required for most jobs and spare time activities. While this is certainly true, one should not forget the psychological
perspectives of computing in Mathematics (Hatfiel, 1984).

The basic principle underlying the practice of programming in the classroom is that students can use the computer
as a Mathematics laboratory in which to experiment (Howe, et al., 1989). Devising a program creates the
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opportunity for experimenting by operating a cognitive shift in focus from procedures to their effects.

This kind of learning experience develops problem-solving skills. Feurzeig, et al. (1969) - the first to propose the
practice of programming in the teaching of Mathematics in the classroom - believed that a programming language
would provide an excellent environment for students to explore Maths and provide an ideal context for the
understanding of problem-solving steps.

Programming gives the opportunity to organize, produce, understand and establish processes and procedures in
order to plan, design and build computer prototypes of objects; translated in terms of student skills this means the
learners can acquire intellectual education in all its components (logical, intuitive, creative and imaginative) and
capacity for abstraction and modelling to solve real-world problems. Problem-solving is one of the skills employed
in the learning of a programming language (Gundarao, Manjunath, & Nachappa, 2010). One needs to develop
good problem-solving skills in order to learn how to write a successful computer program (Gundarao, Manjunath,
& Nachappa, 2010). Gomes and Mendes (2007) also state that it is necessary for learners to develop good problem-
solving skills in order to learn to program.

Maths And Programming Project
The use of programming in school favours the development of high levels of mathematical thinking in relation to
numerical aspects related to reasoning, abstraction and problem-solving skills (Clement, 2000). More recently,
attention has been paid to defining computational thinking (Wing, 2008), which is seen as part of a family of
different aspects of mathematics thinking (Wing, 2008).
Maths and Programming is a one-year research project involving a class of 29 students, aged between 11 and 12
from a secondary-middle school in Calabria (Italy). Divided over a time frame of 40 hours, the project was initially
linked to computational thinking to then give ample space to some key concepts of Mathematics emphasised
through the programming activity. Specifically, in the first part of the project the students acquired the basics of
programming and the general syntax of the Python language; in the second part, on the other hand, they refined
the conceptualisation of what had been learned through the structuring of specific algorithms for the resolution of
real problems related to basic arithmetic.
The project aims to facilitate the understanding of the concrete-abstract relationship, in order to avoid the
acquisition of purely theoretical mathematical concepts in arithmetic with the use of programming.
The procedures of the project were framed around four phases.
=  Administration of a pre-test to the students, aimed at exploring the students’ knowledge in relation to
some arithmetic concepts and students’ ability in problem solving. The learning activities are planned
based on the results of the pre-test.
* Introduction to basis of programming languages Python.
= Creation of didactic activities, further divided into various dates, supported by the use of Python
programming languages.
=  Administration of the post-test to the students, which consisted of questions concerning the resolutions
of some real arithmetic problems.
The didactic activities were designed for the project based on the learning model in Figure 1 (Frassia, 2018).

Problem solving » Reflection i » Construction of the » Application with
involving arithmetic efiection in group model Python

I ) 4

No I Correct?
Next activity

_ Yes

Figure 1: Learning model.

The phases of the teaching activity are explained below in more detail:

Problem-solving involving arithmetic: The learning activity starts by posing a problem in the context of daily life
so as to make it meaningful to the students.

Reflection group: A careful reading of the text is followed by a discussion guided by the teacher on questions
about the problem. A whole class discussion managed by the teacher includes interaction and communication
with the students. As well as being an active, positive and collaborative exchange, this phase is essential for the
continuation of the activity and allows all students to reflect on their own ideas.
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Construction of the model: The construction of the model requires the students to reproduce some aspects of
reality in order to analyse and study them. In this context, the algorithm represents the model. Moving from the
experience to the construction of the meaning requires the construction of a simple algorithm to solve the situation
proposed.

Application with Python programming language: The model is made explicit and reviewed in a logical sequence
thanks to the algorithm; furthermore, the use of a programming environment, like Python, adds value because it
helps the students to reinforce their skills in handling mathematical language. The construction of the algorithm is
an important and delicate phase because the students have to design the 'finite sequence of steps' that allows the
computer to get to the solution or to highlight the need for further study. Moreover, programming is a constructive
and cognitive activity as it allows the student to acquire skills, strategies and techniques to solve problems using
the concepts of variable, procedure, repetition and recursion, which are transversal concepts linked to other school
subjects (Frassia, 2014; Serpe, & Frassia, 2017). The pedagogical-educational value of programming is
internationally recognized (Pea, & Kurland, 1984); especially in the Informatics Education Report - ACM Europe
(http://europe.acm.org/iereport/) the strategic role of this practice that today forms the basis of scientific progress
is emphasized. Consequently, the programming cannot and must not be neglected in the teaching and learning of
mathematics because it helps to form and enrich the technical, scientific and cultural development of young people.
The practice of programming, then, becomes a useful mental training exercise, allowing at the same time the
effective resolution of problems or simulation of reality. The teaching practice takes advantage of this game-like
activity intended as a "space of knowledge" that allows students to formulate precise questions, record their
thoughts, and, therefore, leads them to the formulation of a common synthesis (Frassia, 2015). Aspects of reality,
then, are reconfigured to be analyzed and studied through the computer, as a program tool.
The results of pre-test highlight the following students’ difficulties:

= inreading and understanding problem;

= they do not recognize data;

= they are not able to reorganizing strategy and solving problem;

= they are not able to confirm of the answer and process.
But, they don’t have any difficulty in the operation’s (addition, subtraction, multiplication and division)
mechanism, that is, the students are able to correctly execute the algorithms of the four fundamental operations.
Based on the results of the pre-test and following the learning model, five learning activities were designed (Table

).

Didactic activity Learning topics
One Problem-solving involving addition.
Two Problem-solving involving subtraction.
Three Problem-solving involving multiplication.
Four Problem-solving involving division.
Five Problem-solving involving four basic operation.

Table 1: Learning topics.
This paper will now concentrate only on the fourth activity.

A Didactic Activity Of Maths And Programming Project
In this section, we report on the fourth learning activity about problem-solving involving division.
Initially, the teacher proposed to the students the following problem situation:
A group of three friends, always attentive to social issues, decided to collect the clothes they no longer wear
and to give them to the voluntary associations in their city. None of them knows how many disused items of
clothing he/she owns, but it is their intention to distribute them equally among the associations.
In relation to the clothes collected and the number of voluntary associations present in their city, how many
items of clothing will each volunteer association receive?
In which case (s) will each voluntary association receive no garment?
In which case (s) will it not be possible for the three friends to realise their purpose?
The teacher engaged in a discussion on the data in the context of the introduced problem. This conversation
triggered and guided by the teacher is very important because it avoids the construction of formal games, and
educates to a reasoned exposition of conjectures and hypotheses, stimulating creativity, intuition and imagination.
The students divided into 6 groups (5 groups of five and 1 group of four) by the teacher reflect about the text of
the problem and begin to formulate some hypotheses. Some of the recorded comments between the teacher (T)
and students (S1, S2, S3, S4, S5) in group 1 are reported below:
S1:  We must divide the number of garments collected by the number of voluntary associations.
S2:  But we do not know this.
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T: How can we continue without these data?

S2: Do we invent them?

S3:  We must make hypotheses and then generalise.

S2:  For example, if the three friends collect 20 garments and there are 2 voluntary associations, they will be
able to distribute 10 garments to each association.

T: And if there were 16 items of clothing and 3 voluntary associations, how would the clothes be divided?
S1:  (With the calculator) 16 divided by 3 equals 5.33333 ....
T: Can we accept this solution?

S3:  We cannot accept it, because we cannot have a decimal number of garments.
T: So what?
S3:  Each association will receive 5 garments and the three friends will have one left over.

T: If the number of garments was 6 and that of associations 11?
S1: It cannot be done because the first number (the dividend) is smaller than the second (the divisor).
T: Do you all agree? Think about the case where 3 slices of cake are left and there are five of you, if you

decide to eat them only if there is an equal number of slices per head, how many slices of cake will you
eat and how many will remain?

S5: We will not eat any and all 3 will be left over.

S3:  Then each association will have zero garments and 6 will remain.

T: Let's consider another case: if the number of garments is 7 or any other positive natural number and the
number of associations is zero, what happens?

S2:  That makes 7 or the number of garments.

T: 7 is the result of which operation? Explain this better.

S2: 7 divided by 0.

T: If there are no voluntary associations, can the collected garments be divided?

S4:  No.

T: So, what can we conclude about the division of a positive natural number by zero?

S3:  That division by zero is not possible.

At this point, the teacher proposes to schematise some of the predictable cases so as to give an answer to the initial
problem and then put in a table. The following is an example (Table 2).

N. of garments N. of associations N. of garments per association
4 2 2
11 3 3
27 4 6
0 5 0
13 0 Not possible

Table 2: Scheme.

At the end of this point, the teacher asks each group of students to write the algorithm that allows them to answer
the question when the values related to the number of garments and the number of voluntary associations changes.
The ability to think in algorithms and procedures is promoted as an important learning goal in mathematics.
Algorithmic thinking describes students’ ability to work with algorithms understood as systematic descriptions of
problem-solving and construction strategies, cause-effect relationships, and events (Misfeldt, & Ejsing-Duun,
2015).

The steps of the algorithm related to the situation proposed are:

Input: a (Number of clothes collected)
b (Number of voluntary associations)
Control: if (b # 0)
Calculate:  d = a/b (whole division)
Print: Each association will receive d clothes.
else:
print: Division of the clothes impossible.

The implementation of the algorithm in Python programming language is as follows:

The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

109



File Edit Format BRun Options Window Help

a=int {input ("Enter - Number of clothes collected™))
b=int {input ("Enter - Number of woluntary associations™))
if b!'=0:

d=a//b

print {("Each association receive", d, "clothes™)
else:

print {("Division of the clothes impossible™)

Figure 2: Code-Program to calculate the solution of the problem.

When the students run the program, they should see the following:

Eile Edit Shell Debug Options Window Help

Python 2.7.13 (v2.7.13:a06454blafal, Dec 17 2016, 20:53:40) [M5C v.1500 &4 bit
IMDEe4) ] on win32

Type "copyright™, "credits" or "license ()" for more information.

e

RESTART: C:%“PythonZ27\Division.py
Enter - Number of clothes collected5S

Enter - Humker of woluntary associations2

("Each association receiwve', 2, 'clothes')

i

RESTART: C:“Python27\Division.py
Enter - Number of clothes collectedl

Enter - Humber of woluntary associations3

("Each association receiwve', 0, 'clothes')

>

RESTART: C:\PythonZ27\Division.py
Enter - NHumber of clothes collectedll

Enter - Number of woluntary associations0

Division of the clothes impossikle

i

Ln: 18 Col: 4

Figure 3: Output — Program to calculate the solution of the problem.

In the end, the students generalise the solutions to the problem:
= Ifa < b each association received zero garments;
= Ifb = 0 itis not possible to divide the number of garments because there are no voluntary associations
in the city;
= Ifa>0,b>0,a > b each association will receive at least one item of clothing.

Conclusions
This study investigated qualitatively the effect of the process of learning to program on students’ problem-solving
skills.
The results of the study showed that in mathematics learning to program did have a significant effect on students’
problem-solving skills.
After the didactic activities, the post-test was administrated. The result of the post-test are listed below:
= They are able to identification the data and the questions;
=  They are able to make decision in the resolution of problem solving;
= They are able to make the operation (addition, subtraction, multiplication and division) between integer
number in the correct context.
In Table 3, the authors report the initial and final observations made by the students:
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Initial observation Final observation
They believe that division between two They have become aware of the fact that
natural numbers returns a single "number" - division between natural numbers returns two
the quotient - and that this can be decimal. integers: the quotient and the remainder.
They cannot contextualise the result of the They are able to contextualise the results
division in a real situation. obtained by the division in the real situation.
They believe that in the division the dividend They have become aware that in the division
must be greater than the divisor. the dividend may be smaller than the divisor.
They believe that a number (n) divided by They have become aware of the fact that the
zero (0) is equal to the number (n). division between a positive natural number
and zero is not possible.
Few of them can identify the situation in Almost everyone can identify the situations in
which division can be applied. which the division is to be applied.

Table 3: Initial and final observation of fourth activity.

Ultimately, this type of activity provides students with additional conceptual tools to understand the logic and
processes that underlie the resolution of real problems. The abstraction, organisation and precision efforts,
characteristic of a mathematical activity assisted by programming, contribute to the development of critical
thinking and allow students to create and acquire new skills, also ones that are transversal to other disciplines.
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Abstract

The growing impact of globalisation and the development of a ‘knowledge society’ have led many to argue that
21st century skills are essential for life in twenty-first century society and that to utilise technology is central to
the development of these skills. Teachers need to be aware of what implications this has for teaching and learning
strategies, as well as for the construct of their lesson presentation. A new approach to teaching practice, calibrated
for the 21st century, requires teachers to use digital artefacts as an integral part of their teaching.

This paper describes an example of practice in the in-service teacher training programme for maths teachers of
secondary school, within the Plan for Digital Education (Piano Nazionale Scuola Digitale - PNSD).

The authors’ aim is to make participating teachers reflect on their own teaching praxis when using digital
technology as an integrated part of their pedagogical content and at the same time to develop their own programmes
for digital technology literacy to meet the teaching demands of the 21st century.

Introduction

“The Digital Agenda for Europe is one of the seven flagship initiatives of the Europe 2020 Strategy, set out to
define the key enabling role that the use of Information and Communication Technologies (ICT) will have to play
if Europe wants to succeed in its ambitions for 2020 (Digital Agenda for Europe, http://ec.europa.eu/digital-
agenda/). For this reason, the Italian Government has adopted a series of reforms - in the labour market, in the
education and innovation systems - aligned with international documents such as the Recommendations of the
European Parliament and Council of Europe (http://ec.europa.eu/citizenship/), Framework for 21st Century Skills
(http://www.oecd.org/education/ceri/). The National Plan for Digital Education (Piano Nazionale Scuola Digitale
- PNSD- http://www.miur.gov.it/scuola-digitale) is part of the broader programme initiated by the recent law
reforming the education system, “La Buona Scuola” (Law 107/July 2015- https://labuonascuola.gov.it/), and is
based on the following assumption: technologies should serve active learning for students and innovative practices
for teachers, not vice versa.

The final goal is to give teachers and students a competitive advantage, such as classrooms and schools ‘boosted’
by the internet and technological devices. The plan is the steering document from the Ministry of Education,
Universities and Research (Ministero dell’Istruzione, Universita e Ricerca - MIUR) to launch a comprehensive
strategy for promoting innovation in Italian schools; the purpose is to reposition the education system in the digital
era. The plan consists of 35 actions which will be implemented up to 2020 and is in line with the Italian Digital
Agenda strategy. Specifically, Action # 25 - In-service training for educational and organisational innovation -
(http://www.istruzione.it/scuola_digitale/allegati/Applicativi/SmartGuide PNSD DM762 Docenti2016.pdf) is
aimed at re-elaborating and adapting professional skills of teachers, not only on a purely instrumental level, but
above all on a critical level in order that these teachers rethink their didactic activity in its entirety.

In this institutional framework, the Regional School Office (USR) of Calabria has launched the "PNSD on the
Road" initiative dedicated to the promotion of training activities for all local schools, with particular attention to
teachers who play the role of both digital animator and as ‘part of a digital innovation team'
(http://www.istruzione.calabria.it/wp-content/uploads/2016/03/PNSD-on-the-road_per-i-docent.pdf).

This required an open call - from the USR Calabria (regional MIUR) to experienced university researchers in order
to follow up on targeted interventions aimed at designing good practices in the classroom with mathematical
technologies, also with a view to enhance existing initiatives.

This paper describes an example of practice in the in-service teacher training programme for maths teachers of
secondary schools in the province of Cosenza. The training action put in place by the authors, within the 'PNSD
on the Road' was aimed at acquiring the knowledge of instructional strategies and representation to enhance the
processes of mathematical modelling in the classroom with the use of technological tools intended as tools in
service to teaching in a specific pedagogical framework. The paper is structured as follows: this introduction is
followed by the theoretical framework and the design and development of one of the teaching practices developed
within the training programme. The article finishes with some concluding remarks.

1P-}]'E“']:W The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

113


mailto:annarosa.serpe@unical.it
mailto:frassia@mat.unical.it
http://ec.europa.eu/digital-agenda/
http://ec.europa.eu/digital-agenda/
http://ec.europa.eu/citizenship/
http://www.oecd.org/education/ceri/
http://www.miur.gov.it/scuola-digitale
https://labuonascuola.gov.it/
http://www.istruzione.it/scuola_digitale/allegati/Applicativi/SmartGuide_PNSD_DM762_Docenti2016.pdf
http://www.istruzione.calabria.it/wp-content/uploads/2016/03/PNSD-on-the-road_per-i-docent.pdf

T( 1'-’1",]']5‘1"I” The Turkish Online Journal of Educational Technology - November 2018, Special Issue for INTE-ITICAM-IDEC ~ Volume 2

Thw Tuekixh O i
of Edlsatianal Toar

curnul
LEILT T

Theoretical Framework

In today’s world it is important for students to develop lifelong learning skills, often referred to as a capacity of
“learning to learn” (Anderson, 2008, p.19); many countries have implemented initiatives in education, in
mathematics in particular, to respond to the challenges in acquiring these new skills - for the 21st century — which
are creativity and innovation, communication and collaboration, research and information fluency, critical
thinking, problem-solving and decision making, and digital citizenship and technology operations.

The skills cannot be taught in isolation, Voogt et al. (2013) argue that, “most frameworks recognise the complex
and cross-disciplinary nature of 21st century competencies and thus recommend integrating them across the
curriculum” (p. 407). In preparing for these skills, the appropriate use of technology by maths teachers in education
is crucial. Roberts, Leung, and Lin (2013) comment on the complexity of the interplay between technology,
mathematics, and education, noting that this complexity related to the use of tools in mathematics is not a
phenomenon that is due to current technologies, but one that has been evident whenever people use tools in
mathematics. The rapid development of digital technologies features new capabilities not even considered possible
in the past. Today, different types of technology are available for teaching mathematics, and different technologies
are appropriate for different purpose (Drijvers, et al., 2016). For example, technologies for communication,
documentation, and presentation are essential in order to support the exchange of mathematical ideas.
Mathematical technologies, such as spreadsheets, Computer Algebra Systems (CAS), Dynamic Geometry
Software (DGS), and applet, enable teachers and students to investigate mathematical objects and connections
using different mathematical representations, and to solve mathematical problems (Zbiek, et al., 2007).

In a balanced mathematics program, the strategic use of technology strengthens mathematics teaching and learning
(Dick, & Hollebrands, 2011). Simply having access to technology is not sufficient. The teacher and the curriculum
play critical roles in mediating the use of technological tools (Roschelle, et al., 2009); this implies a revision of
pedagogical landscape in terms of the ways in which students engage in learning, and how understandings emerge.
Programs in teacher education and professional development must continually update practitioners' knowledge of
technology and its application to support learning. Waits and Demana (2000) argue that adoption of technology
by teachers requires professional development that focuses on both conceptual and pedagogical issues, ongoing
support in terms of “intensive start-up assistance and regular follow-up activities” and a desire to change from
within the profession.

In Italia, the Ministry of Education, Universities and Research, for some time now, has adopted strategies to
increase teachers' awareness in this direction by means of appropriate training courses that do not stop at the
theoretical level, but are supported by tools to support practice and examples: there is nothing better than a good
example to understand mechanisms and generate, by analogy, new ideas both in terms of teaching strategies and
in relation to the effective use of teaching technologies.

Opening diverse ways for learners to construct and comprehend mathematical knowledge and to solve problems,
calibrated for the 21st century, requires a new approach to teaching practice and calls for the reflections of the
teachers on their own teaching praxis when using digital technology as an integrated part of their pedagogical
content knowledge. Content-based activities using technology should address worthwhile mathematics concepts,
procedures, and strategies, and should reflect the nature and spirit of mathematics. Activities should support sound
mathematical curricular goals and should not be developed merely because technology makes them possible.
Indeed, the use of technology in mathematics teaching should support and facilitate conceptual development,
exploration, reasoning and problem-solving (Wilson, 2000). For example, the modelling activities do not
compromise mathematical content and pedagogy because they help develop problem-solving skills and promote
connections between the real world and the mathematical world (Stillman, et al., 2015).

Several research studies recognise that the development of technology creates more opportunities for practicing
mathematical modelling in the classroom (Galbraith, et al., 2007); this has led to the promotion of modelling
activities in schools (Lester, & Kehle, 2003; Stillman, et al., 2013).

In recent years, the practice of modelling with the use of technology has been fully included in the Mathematics
school curricula (CAS, DGS, spreadsheets, programming environments, etc). Siller and Greefrath (2010) have
implemented Blum and Leiss’ (2007), modelling cycle introducing the world of technology (Figure 1).

Situation Mathematical Computer -

Translatign model [Synta: model
Real Mathematical : Technology
World World i World
A 4
1 - nt¢rpretafjon;

Real - Mathematical | Computer bd

result result result

Figure 1: Extended modelling cycle — regarding technology when modelling.
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The three worlds shown in Figure 1 are idealised and influence each other. For example, the development of a
mathematical model depends on mathematical knowledge on the one hand, and on the other hand is influenced by
the technology. The use of technology increases the chance to solve some mathematical models; in particular, the
intelligent use of computers in teaching allows us to increase motivation on the one hand and to recognise the
importance of mathematics in life on the other (Frassia, & Serpe, 2017). Unfortunately, many teachers prefer not
to introduce modelling in classroom practice for different reasons, which include the lengthier learning process; at
the same time, there are many reasons in favour of integration between modelling and technology (Siller, &
Greefrath, 2010). In classroom teaching practice, the use of technology allows you to create new opportunities in
the processes of teaching-learning and at the same time operate active links between the ideas and the mathematical
content (Frassia, 2016). The use of technology can help to simplify the difficulties typical of some modelling
procedures. Siller and Greenfrath (2010) identify some key elements when you engage in modelling activities with
technology: computationally-intensive or deterministic activities; working or evaluating structuring of large data
sets; visualising processes and results; experimental working.

Given this scenario, the authors illustrate an example of teaching practice for the 21st century relates to the content
¢ Elementary functions: basic tool for modelling’. The example emphasizes content and pedagogy, and not just
software; in fact, the purpose of the authors is to prevent technology use from compromising mathematics and to
encourage users to connect their experiential findings to more formal aspects of mathematics. In other words,
technology should not influence students to take things at face value or to become what Schoenfeld (1985) referred
to as “naive empiricists.”

An Example Of Teaching Practice
The math in-service teacher training, in the ‘PNSD on the road’, involved 50 secondary school teachers in a 12
hour course. According to Azione#25, the design of the teacher training programme has seen the development of
mathematics teaching practices in such a way as to optimise the potential of technology to enhance students'
understanding, stimulate their interest, and increase their proficiency in mathematics.
The choice of mathematical technology has fallen on the DGS GeoGebra because it is a software that teachers
know very well from a technical point of view, but above all because it puts together the idea of a usability heuristic
with a socio-constructivist learning prospective. The goal of the trainers is to point out that having a repertoire of
heuristics does not automatically solve the central problem of "which" to use and "how", once you are faced with
a specific problem. The teacher should not focus exclusively on the knowledge possessed (both in terms of basic
mathematical knowledge and heuristic repertoire), but on "how" they must be used in order to provide the student
with the opportunity to make meaningful and stimulating experiences and that are not limited to the execution of
repetitive tasks. For example, the use in class of a DGS like GeoGebra widens the possibilities thanks to the
following aspects of pedagogical usability:

- Encouraging student collaboration;

- Sequencing and sharing student wok on mathematical task;

- Orchestrating mathematical discourse;

- Monitoring and assessing students’ mathematical learning
should be considered along-side the technical aspects.
Based on these premises and in accordance with international research studies (Goos, et al., 2007, Doerr, & Pratt,
2008; Arzarello, et al., 2011), the maths in-service teacher has been oriented to the development of teaching
practices related to elementary modelling in the classroom — with the use of GeoGebra — in such a way as to
provide links from school-based learning to interdisciplinary themes that are essential to every student’s ability to
thrive as a global citizen. Students are able to discover ways to solve old problems and develop new ways of
thinking about the world around them — a skill that is essential for the 21st century.
Mathematical modelling as an iterative problem-solving process that includes posing authentic, open-ended
problems, making assumptions, identifying constraints and variables, building mathematical solutions and, finally,
analysing and interpreting these solutions. It is iterative because once the initial solution is tested and translated
back to the real world, revisions usually need to be made and the process continued until a satisfactory solution is
reached and can be justified (Suh, et al., 2017).
In this perspective, the training action has privileged laboratory teaching in order to re-configure the knowledge
to be taught in order to make it an object of investigation for the students and to favour the construction of
mathematical ideas and meanings. In fact, the intention of the trainers is to bring the laboratory practice back to
the centre as an essential meeting point between 'knowledge and know-how' also in the light of PNSD Action # 7,
which designates the laboratory as a place of innovation and creativity where technology must combine tradition
and the future, recovering practices and innovating them. Ultimately, a teacher training that sees the planning of
laboratory activities, on the elementary mathematical modelling, as a means to improve the application of both the
technical and pedagogical usability of the technology.
The teachers, provided with their own device (PNSD Action # 6 - Bring Your Own Device ~-BYOD)), after having
chosen the mathematical content must plan a real situation (Real-life problem) and develop it through the
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modelling cycle (Fig.1) describing the different sub-processes of modelling with different levels of detail and
emphasis. The implementation of this model encourages inductive reasoning while leaving plenty of opportunity
for discovery. The simulation with GeoGebra software allows you to take stock of the situation and start again
from what you know, to make appropriate considerations and understand why phenomena occur, and their
implications. Specifically, the simulation represents a constructive and cognitive activity because it enables you to
acquire skills, strategies and techniques for the solution of problems.

Now the authors describe an example of teacher practice on mathematical modelling of linear functions realised
during in-service teacher training. In detail, the phases of the teacher training can be summarised as follows:

1) Theory-oriented competency (necessary knowledge about theoretical aspects of modelling such as
knowledge about modelling cycles, goals and perspectives for modelling, types of modelling tasks).

2) Teaching competency (ability to formulate a real-life problem, micro- and macro-scaffolding abilities
such as the ability to plan and perform modelling lessons and knowledge of appropriate adaptive
interventions to enable students to work as independently as possible) and task-related competency
(ability to solve a modelling problem, to analyse possible obstacles and necessary competencies, and to
create modelling tasks on their own).

3) Diagnostic competency (the ability to identify phases in students’ modelling processes and to diagnose
students’ difficulties during such processes in order to support students during their work and to select
modelling problems).

In the first phase the teachers study, with the support of trainers, part of the existing literature on mathematical
modelling also with the use of technology, focusing on the modelling cycle of Siller and Greefrath (Fig.1). Another
fundamental theoretical pillar of analysis is the question concerning the formulation of a good real-life problem;
in this sense, the principles proposed by Wedelin and Adawi (2015) for the design of problems related to real life
have been a starting point, also providing ample space for discussion between teachers and trainers.

In the second phase the teachers are actively involved: divided into groups they must design problems related to
real life, considering and hypothesising the sequence of actions to be recreated in the classroom and analysing the
difficulties and skills required of the students. In this phase, the formulation of the text is fundamental as it must
satisfy the principles of Wedelin and Adawi (2015). Below is the text of one of the problems created by a group
of teachers, based on an experience in the classroom.

Problem of gym fees:
Anna and Maria received a scholarship of € 150.00 for their excellent academic performance. They
decide, by mutual agreement, to allocate part of the amount for registration in the gym and the
remaining part as a donation to a charity for the protection of the environment.
Anna and Maria do not live in the same neighbourhood, so they decide to enrol in two different gyms.
Anna enrols in a gym that requires the payment of a registration fee of € 30.00 and a weekly fee of €
10.00; instead the gym to which Maria enrols requires a registration fee of € 20.00 and a weekly fee of
€ 12.00.
If Anna and Maria want to allocate the same amount to the charity, how many weeks can they attend
the gym?

This example can be discussed under the aspect of different didactical principles:
- Graphical discussions (to draw a chart or diagram of the given situation, and/or modify a given chart
with paper and pencil or DGS).
- Symbolic discussion (to describe the situation for both gym fees with the help of a function or
functional dependency with paper and pencil or CAS).
- Numerical discussion (to compute date to solve problem with a scientific calculator or spreadsheet).
The various groups of teachers discussing the various methods and having at their disposal each their own device
(BYOD) tend to favour the method that they usually use in the classroom also using the technology most familiar
to them. Trainers point out to teachers that it is not important which method is chosen because in the classroom,
when students are faced with a problem they tend to work on the basis of their experience and use methods familiar
to them so that they can fulfil the task. Instead, it is important for student to see the different approaches for this
problem.
This problem can be solved in completely different ways. It helps to uses the DGS because this provides the double
possibility of translating the problem into the two registers (algebraic and geometric); in addition, by assigning
variables - using sliders - the generalisation of the problem and its solution is obtained.
Looking to the modelling cycle by Siller and Greefrath (Figure 1), teachers must try to translate the steps which
are necessary for solving the problem.
The hypotheses of the extended modelling cycle for the “Problem of gym fees” problem elaborated by the teachers
are presented in Figure 2.
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Translation| | Intersection point of Syntax Secants straight lines
Problem of gym fees two straight lines representation [
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the two gyms are point is zero
equally convenient

Figure 2: Extended modelling cycle for the “problem of gym fees”.

At this point the teachers retrace the model in Figure 2 step-by-step:
= Reading of the text and discussion aimed at identifying the data of the problem.
= Translation of the "Problem of gym fees" into mathematical language (determine the intersection
point between two straight lines). This step requires the modelling process that determines the two
payment fees (linear functions), offered by the two gyms:
y =30+ 10x
y=20+12x
= The syntax process allows a geometric representation in the Cartesian plane through modelling with the
GeoGebra software (Figure 3).
= Solution of the problem in the world of technology (identification of the intersection point between the
two straight lines represented in the previous step).
= Mathematical interpretation of the result obtained with GeoGebra (distance between two points
belonging to the two straight lines).
= Validation of the mathematical solution in the real world.
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Figure 3. Output of the resolution of the “Problem of gym fees”.

In the third and final phase, teachers discuss the skills that students can develop in a process of mathematical
modelling with the use of technology.
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Specifically, with reference to Figure 4, the following skills are found:

1
Trangiation| | Intersection point of Syntax Secants straight lines
Problem of gym fees 2 two straight lines 3 representation —
Real Mathematical Technology |4
World World World
7
Number of week for )
which the prices of | ]validation Distance of the i Point touch e
the two gyms are 6 point is zero 5
equally convenient

Figure 4: The extended modelling cycle for the “problem of gym fees”.

in understanding, analysing and structuring the real problem;

. in the creation of a mathematical model through the language of the real world and in the use of
mathematical content for the resolution of problems;

in the manipulation of variables of the mathematical model;

in the use of the IT tool;

in the interpretation of the results in the mathematical model;

on the reflection and validation of the model and in the interpretation of the mathematical results of the
real situation;

7. in the communication of the model and its results.

N —

S W

Concluding Remarks

One of the fundamental points of this training activity was to insist on enlarging the methodological horizon, within
which to frame the technological one. The task of the trainers was to make teachers reflect on the opportunities
offered by mathematical technologies in order to select those that are useful for achieving the objectives set in the
design of the various learning environments. Starting from the methodological choices, the teachers were able to
grasp the importance of the transformation into the usual didactic practices, thus widening the options and the
choice of the most effective strategies for the cognitive and motivational needs of the students. Within this
framework the mathematical technologies should be included as "reagents".

Essential heuristic strategies for problem solving were used and encouraged in the work on modelling problems.
In addition, modelling problems particularly encourage communicating and arguing. In teaching of mathematics,
the use of applications and modelling is important because they promote different goals at various levels.

Due to the link between mathematics and reality, mathematical modelling offers the unique opportunity to get
interesting impressions in the subject of mathematics as well as in real life. In this in-service teacher training,
content-related, process-oriented, and general goals of modelling have been distinguished in order to underline the
importance of mathematical modelling at different levels (Greefrath 2010; Niss et al. 2007).

The example of the practice presented shows how strategic intervention can be created, based on heuristic
strategies and the role played by use of mathematical technologies in problem-solving activities.

In the in-service teacher training, the heuristic strategies can act as a conceptual toolkit to analyse the complexity
of a modelling problem, identify the important steps in the modelling process, and pre-formulate possible strategic
support.

In this scenario, the role of mathematical technology is many-fold because it can be generated and incorporate
representations which can assist in transforming an indeterminate situation into a determinate one.

Mathematical technology also plays a central role in coordinating the inquiry, reasoning, and systematising that
lead to a determinate situation.

The in-service teacher training that took place within the framework of the “PSND on the Road” has partially
changed teachers’ attitudes towards the modelling problems. Indeed, the teachers they have overcome that initial
reluctance and have worked with great enthusiasm thus widening their cultural horizons on the integration of
meaningful and realistic contexts with the use of technology into mathematics.
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In conclusion, the training action has increased teachers' awareness of the fact that technologies must be considered
as tools available to teaching and as such they must be used within specific pedagogical models. This is in the
belief that methodological and didactic innovation in digital learning environments (as foreseen by the European
Framework for the Digital Competence for Educators - DigCompEdu https://ec.europa.eu/jrc/en/printpdf/137812)
may have place in the school only through a re-elaboration and adaptation of the professional skills of the teachers,
not only on a merely instrumental level, but above all on the critical level, so that they reach the ability to rethink
their didactic activity in its entirety.
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Abstract

The objective of this study is to examine the mediator role of motivational self-talk in the relation of life satisfaction
and mental toughness. In line with the objective of the study, 199 athletes (Agemean= 20,30 +2,526), 110 of whom
were females (Agemean= 20,09 + 0,277) and 89 of whom were males (Agemean= 20,55 + 0,206), volunteered to
participate in the research, who were doing active sports in 2017-2018 season. Sport experience of the participants
was calculated as Yearmesn= 6.07 + 3.70. In order to reach the objective of the study, Life Satisfaction Scale, Self
Talk Scale, and Mental Resilience Scale were used. In line with the objective of the study, in order to determine
the relations among the variables, firstly correlation analysis was conducted. Pearson correlation coefficient
necessitates both of the variables to be constant and to demonstrate a normal distribution together (dually). The
interpretation of the r values, which are Pearson coefficients, were conducted as such; r values in between .00-.29
indicate low relation, while in between .30 and .69 they indicate mid-level relation, and in between .70 and 1.00
high-level relation (Biiyiikoztiirk, 2008). Statistical significance level was accepted as .05. Moreover, the
PROCESS macro regression analysis was used in order for the mediator role of the motivational self talk in
between the life satisfaction and mental toughness. The analyses were conducted in 95 % confidence interval, and
in order to test whether the mediator role was significant, Sobel z test was used. For the analyses of the research,
SPSS 22.00 package program was used. When the findings of the research are examined, it can be stated that
motivational self-talk has a positive mediator role in the predictor effect of life satisfaction on mental toughness.
According to these results, it can be stated that one of the factors affecting mental toughness of the athletes is life
satisfaction, moreover, with the mediator role of the motivational self-talk, the effect of life satisfaction increases
on the mental toughness. Considering the positive effects, it is evaluated that life-satisfaction-increasing ones
should be included in the mental-toughness-increasing activities, and that steps taken to increase motivational self-
talk of the athletes might be effective in increasing their mental toughness.

Keywords: Life Satisfaction, Motivational Self Talk, Mental Toughness.

Introduction

Neugarten had first proposed the life satisfaction concept in 1961. Fundamentally, it is the condition, or the result,
obtained by comparing the individuals’ expectations (what one wants) and what they have at hand (what one has)
(Ozer and Karabulut, 2003). Subjective well-being and life satisfaction are described by many as the primary goals
of life. Subjective well-being is closely related to how the individual assesses his or her life. It is suggested that
the individual's life goals, the thoughts and the emotions of fulfilling these goals play a predictive role in achieving
happiness and pleasure (Rask et al., 2002).

Life satisfaction is a subject in positive psychology issues that have been on the agenda in the sports and exercise
environment for many years (Gaudreau & Antl, 2008; Ardahan, 2012; Toros et al., 2010; Ozkara, Kalkavan &
Cavdar, 2015; Sahin, Baykdse & Civar Yavuz, 2017; Kili¢, Baykose & Kaplan, 2018; Guhn et al., 2018; Yildiz,
Giilsen & Yilmaz, 2015; Yildiz et al, 2017).

The concept of mental toughness has recently become a topic that is on the agenda of researchers who are both in
Turkey (Baykose et al., 2017; Altintas & Korug, 2017; Yarayan, Yildiz & Giilsen, 2018) and in other countries
(Weinberg, Freysinger & Mellano, 2018; Thelwell et al., 2005; Jones et al,2002; Bull et al., 2005; Clough et al.,
2002). Although the concept of mental toughness, which is based on theoretical foundations by researchers many
years ago (Kelly, 1955; Loehr, 1982), has been associated with positive and desired psychological features related
to success (Jones et al., 2002), it is stated that specific themes are repeated in the current literature (Crust, 2007).
Researchers and theorist defined mental toughness as coping with pressure and negativities in a way that
performance will be least affected (Clough et al., 2002; Jones et al., 2002; Loehr, 1995; Middleton et al., 2004a;
Williams, 1988), overcoming difficulties and failures with increasing determination to success (Clough et al.,
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2002; Goldberg, 1998; Jones et al., 2002), refusing to give up and persevering (Goldberg, 1998; Gould et al., 1987,
Middleton et al., 2004a), competing with oneself and others (Bull, Shambrook, James & Brooks, 2005; Clough et
al., 2002), being stable and resistant (Bull et al., 2005; Clough et al., 2002; Goldberg, 1998; Gould et al., 2002),
having a steadfast belief for self-determination (Clough et al., 2002; Jones et al., 2002; Middleton et al., 2004a),
development through pressure (Bull et al.,, 2005; Jones et al., 2002; Thelwell et al., 2005), and having superior
mental skills (Bull, Albinson, & Shambrook, 1996; Golby, Sheard, & Lavallee, 2003; Loehr, 1995).

One of the most common cognitive strategies used by athletes is self-talk. Self-talk is central to cognitive and
cognitive-behavioral interventions and has recently become an important research topic in the field of applied
sports psychology (Conroy & Metzler, 2004). Self-talk refers to the internal or external explanations that
individuals make themselves and is defined as an internal dialogue in which individuals interpret perceptions and
emotions, organize and change evaluations and cognitions, and instruct themselves (Hackfort & Schwenkmezger,
1993).

Initially, researchers have distinguished between two main dimensions of self-talk including positive and negative
self-talk. Positive self-talk is defined as expressions requiring praise and courage, and negative self-talk is defined
as criticism and self-concern (Moran, 1996). More contemporary approaches guide self-talk according to its
purposes. Zinsser, Bunker, and Williams (2001) expressed self-talk as an instructional or motivational
phenomenon. While instructional self-talk is related to the statements associated with focus, technical knowledge,
and tactical options, motivational self-talk indicates the statements related to creating self-confidence, effort, and
positive moods. Following the researches, Hardy and his colleagues (Hardy, 2006; Hardy, Hall & Hardy 2005)
made a more comprehensive definition of self-talk. They have defined self-talk as a multidimensional dynamic
phenomenon related to the words that come out of the athletes' mouth. In this study, Considering the theoretical
approach put forward by Zinsser, Bunker and Williams (2001), the motivational dimension of self-talk will be
examined. In line with this information, the following H1 hypothesis will be tested within the scope of the research.
H,= There is a mediation role of motivational self-talk in the influence of life satisfaction on mental endurance.

Method

Research Model

This study was a relational screening model designed to examine the mediation role of self-talk levels in the
relationship between life satisfaction and mental toughness. Karasar (2009) defined the relational screening models
as the research models aiming at finding out the existence and degree of covariances between two or more
variables. In the scope of this model, the mediation role of self-talk levels in the relationship between life
satisfaction and mental toughness was examined.

The hypothesized model was shown below;

Figure 1: Research Model

Motivational
Self Talk

Mental
Toughness

Satisfaction

Research Group

110 females (Agemean: 20,09 + 0,277) and 89 males (Agemean: 20,55 + 0,206), totally 199 athletes (Agemean: 20,30
+2,526), voluntarily participated in the study. The sports experience mean score of the athletes was Yearmean: 6.07
+ 3.70.

Data Collection Tools

To reach the research purpose, Life Satisfaction Scale, Self-Talk Questionnaire and Sport Mental Toughness Scale
were used. The detailed information on the scales used in the research is given below.

The Satisfaction With Life Scale-SWLS

The Satisfaction with Life Scale, developed by Pavot and Diener (1993), was used. The Satisfaction with Life
Scale was a scale developed to evaluate the respondent life in the aggregate. This scale is not for assessing the
living area such as health or income but allows them to be integrated. The Satisfaction with Life Scale is a 7-Likert
type scale.

It is a scale including 5 items rated as 7. Absolutely agree, 6. agree, 5. agree very little, 4. Undecided, 3. Disagree
a little 2. Disagree 1. Absolutely Disagree (my life in many directions is close to ideal, my living conditions are
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excellent, my life satisfies me, up to now, I have achieved the important things I want in life, If I had the chance
to live my life again, I would hardly change anything). The highest score one can get from the scale is 35; the
lowest one is 5; the higher the score in the scale, the higher the level of life satisfaction (Pavot and Diener, 1993).
The scale was used in various fields (Yetim, 1991). Pavor and Diener found the reliability of the scale as o= 0.89.
In this study, the reliability of the scale was found to be o= 0.695.

Self-Talk Questionnaire

The Self Talk Questionnaire was developed by Zervas, Stavrou & Psychountaki (2007) for use in sports and sports
environments. Turkish adaptation was conducted by Engiir (2011) in a sample of 422 college athletes (157 females
and 265 males). Latent variables measured by item groups related to a theoretical model created by KKA
hypothesizing that there were 11 items and 2 factors by Zervas et al. (2007) were tested by using CFA in LISREL
8.51. The model it of ¥ / df calculated as 165.74/38=4.36. The other fit indices were calculated as RMSEA =
0.089, SRMR = 0.037, GFI = 0.93, AGFI = 0.88, NFI = 0.96; NNFI = 0.96, CFI = 0.97[3]. For the reliability of
self-talk scale, reliability coefficient for motivational function subdimension was 0.94 while the value for cognitive
function subdimension was 0.87 (Engiir, 2011; Zervas, Stavrou & Psychountaki, 2007)

Sport Mental Toughness Scale

In the study, the Sport Mental Toughness Questionnaire (SMTQ-14) developed by Sheard et al., (2009) was
applied to determine the mental toughness level of athletes. 14-item sport mental toughness scale measure three
different subdimensions (Confidence, Continuity, and Control) as well as general mental toughness. The scale is
the 4-point Likert type (1=completely wrong, 4=Completely right). The Cronbach’s alpha values of Sport Mental
Toughness Questionnaire was found to be 0.81 for Confidence; 0.74 for Continuity; 0.71 for control (Sheard et al.,
2009). The fit indices of the inventory that tested with the participation of 509 athletes having age mean of 20
years were found to be GFI=0.95, AGFI=0.93, RMSEA=0.05, RMR=0.05, CFI=0.92, IF1=0.93 (Sheard et al.,
2009). The Cronbach Alpha values of the Sport Mental Toughness Questionnaire adapted to Turkish culture by
Altintas & Korug (2017), were 0.84 for the Confidence; 0.51 for Continuity; 0.79 for Control (Altintas & Korug,
2017). The fit indices for the inventory was GFI=0.90, AGFI=0.89, RMSEA=0.07, RMR=0.04, CFI=0.91,
IF1=0.91 (Altintas & Korug, 2017).

Analysis

Within the scope of the research purpose, correlation analysis was first performed to determine the relationships
between variables. The Pearson correlation coefficient requires that both variables are continuous and that the
variables have a normal distribution (in pairs). The value r, which represents the correlation coefficient, has been
interpreted as follows: the relationship is low between .00-.29, moderate between .30-.69, and high between .70
and 1.00 (Biytikoztiirk, 2008). The significance level was accepted .05 statistically. PROCESS macro regression
analysis was used for analysis, and analysis was performed at 95% confidence interval, the Sobel z test was used
to test whether the mediation was significant. SPSS 22.00 program was used for the analysis.

Results
Correlations between variables
Table 1: The relationship between life satisfaction, motivational self-talk, and mental toughness
Life Satisfaction Motivational Self Mental Toughness

Talk

r 1
Life Satisfaction p

n 199

T ,175° 1
Motivational Self Talk p ,013

n 199 199

T ,198" ,A452% 1
Mental Toughness p ,005 ,000

n 199 199 199

*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

When table 1 is examined, significant differences were found between life satisfaction and motivational self-talk
(r: .175, p<0.05); life satisfaction and mental toughness (r: .198, p<0.05), and mental toughness and motivational
self-talk (r: .452, p<0.05)
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Figure 2: The mediation role of motivational self-talk of the athletes in the relationship between life satisfaction
and mental toughness

The determination that there is a positive and significant correlation between life satisfaction and mental toughness
allows testing the hypothesized mediation. PROCESS macro regression analysis was used to test whether
motivational self-talk played a role in the relationship between life satisfaction and mental toughness. The
predictive effect life satisfaction on motivational self-talk was examined in the first step of PROCESS macro
regression analysis, and it was found that life satisfaction predicted motivational self-talk (f=.20, t= 2.49, p<.05)
at the level of 3% (R R=.17, R2=.03, F= 6,23, p<.05).

In the second step of PROCESS macro regression analysis to determine whether motivational self-talk played a
role in the relationship between life satisfaction and mental toughness, the predictive effect of life satisfaction on
mental toughness was examined. When the results were examined, it was seen that life satisfaction (= .12, t=
2.94, p<.05) predicted mental toughness at the level of 4% (R=.19, R?>=.04, F= 8,06, p<.05).

In the third step of PROCESS macro regression analysis to determine whether motivational self-talk played a role
in the relationship between life satisfaction and mental toughness, motivational self-talk was included in the
PROCESS macro regression analysis and found that it was seen that motivational self-talk contributed to the
prediction of mental toughness at the level of 5%. Accordingly, it was found 22% of the total variances was
explained via motivational self-talk in the prediction of mental toughness by life satisfaction (R=.47, R2=.22,
F=27.54, p<.05). In the third step of the analysis, it was observed that the effect of life satisfaction on mental
toughness decreased (f=.07, t=1.92, p>.05). Thus, it can be said that motivational self-talk has a full mediation
role in this relationship (f= .22, t=-6.73, p<.05). Sobel z test, used to determine whether the mediation role was
significant, showed that the mediation relation was statistically significant (Z= 2.32, p<.05).

Table 3: The direct and indirect effects of life satisfaction on mental toughness

Direct Effect Effect S.E LLCI ULCI t p
Life Mental Toughness .074 .0383 -.0023 | .1494 1.92 .050
Satisfaction
Indirect Effect Effect S.E LLCI ULCI t p
Life Motivational | Mental .045 .0249 .0025 1022 2.84 .000
Satisfaction | Self talk Toughness
Total Effect 118 .0416 .0363 .2009

Normal Theory Test for indirect effect
Effect: .0487 | s.e:.0195 | 2:2.3181 | p:.0204

In table 3, it was found that total effect (direct + indirect) of life satisfaction on mental toughness was positive (p:
0,074+0,045=0,118) and statistically significant (p=0,000). Because the Z score (2,3181) of this model was higher
than 1,96 and significant, the existence of a mediator effect can be said. According to this finding, H; (There is a
mediation role of motivational self-talk in the influence of life satisfaction on mental endurance) was accepted.

Discussion And Conclusion

The direct and the indirect relationship between life satisfaction and mental toughness levels of the athletes were
examined in this study. In line with the purpose of this study, 110 females (Agemean: 20,09 + 0,277) and 89 males
(Agemean: 20,55 + 0,206), totally 199 athletes (Agemean: 20,30 + 2,526), voluntarily participated in the study. The
sports experience mean score of the athletes was Yearmean: 6.07 + 3.70.

When the results were examined, it was observed that the relationship between life satisfaction and motivational
self-talk and the that between life satisfaction and mental toughness were significant. Furthermore, it was found
that the relationship between mental toughness and motivational self-talk was significant.
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The determination that there is a positive and significant correlation between life satisfaction and mental toughness
allows testing the hypothesized mediation. PROCESS macro regression analysis was used to test whether
motivational self-talk played a role in the relationship between life satisfaction and mental toughness. The
predictive effect life satisfaction on motivational self-talk was examined in the first step of PROCESS macro
regression analysis, and it was found that life satisfaction explained 3% of the total variances related to
motivational self-talk. In this context, it can be said that increasing life satisfaction enhances motivational self-talk
tendency. When the literature is examined, it is suggested that positive self-talk has a positive impact on
performance and (Vab Raalte et al., 1995) and interrelated and correlated with many positive psychology dynamics
(Neck & Manz, 1992).

In the second step of PROCESS macro regression analysis to determine whether motivational self-talk played a
role in the relationship between life satisfaction and mental toughness, the predictive effect of life satisfaction on
mental toughness was examined. When the results were examined, it was seen that life satisfaction explained 4%
of the total variance related to mental toughness. In line with this information, it can be said that increasing life
satisfaction contributes to mental toughness. As it is stated in the introduction, mental toughness concept can
contribute to many positive components such as having a steadfast belief for self-determination (Clough et al.,
2002; Jones et al., 2002; Middleton et al., 2004a), development through pressure (Bull et al.,, 2005; Jones et al.,
2002; Thelwell et al., 2005), and having superior mental skills (Bull, Albinson, & Shambrook, 1996; Golby,
Sheard, & Lavallee, 2003; Loehr, 1995), according to our results, it can be said that having a certain level of life
satisfaction will provide support for mental toughness.

In the third step of PROCESS macro regression analysis to determine whether motivational self-talk played a role
in the relationship between life satisfaction and mental toughness, motivational self-talk was included in the
PROCESS macro regression analysis and found that it was seen that motivational self-talk contributed to the
prediction of mental toughness at the level of 5%. Accordingly, it was found 22% of the total variances was
explained via motivational self-talk in the prediction of mental toughness by life satisfaction. In the third step of
the analysis, it was observed that the effect of life satisfaction on mental toughness decreased. Thus, it can be said
that motivational self-talk has a full mediation role in this relationship. Sobel z test, used to determine whether the
mediation role was significant, showed that the mediation relation was statistically significant. In line with these
obtained results, it can be said that motivational self-talk mediates the relationship between life satisfaction and
mental toughness. Based on the results, motivational self-talk can play a critical role in creating or increasing
mental toughness studies.

Consequently, it is thought that individuals who want to contribute to the mental toughness of the athletes can
benefit from motivational self-talk intervention programs as an intervention to increase their life satisfaction.
Moreover, an intervention program for motivational self-talk can be developed and tested for efficiency by the
researchers based on the views in literature in future studies.

Author Note

This study is an improved version of the oral presentation presented in the International Conference on New
Horizons in Education held between 18-20 July.
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Abstract

The objective of this study is to examine the mediator role of the self-esteem levels of the athletes in the relation
between harmony-obsessive passion and psychological resilience. In line with the objective of the study, 215
athletes (106 females, 109 males) volunteered to participate in research, who were doing active sports in the 2017-
2018 season. The age average of the athletes participating in the research was determined as 20.39 + 2.49. Sports
experience of the participants was calculated as Yearmean=8.09 + 3.93. In order to reach the objective of the study,
Rosenberg Self Esteem Scale, Passion in Sports Scale, and Psychological Resilience Scale (Short Version) were
used. In line with the objective of the study, in order to determine the relations among the variables, firstly
correlation analysis was conducted. Pearson correlation coefficient necessitates both of the variables to be constant
and to demonstrate a normal distribution together (dually). The interpretation of the r values, which are pearson
coefficients, were conducted as such; r values in between .00-.29 indicate a low relation, while in between .30 and
.69 they indicate a mid-level relation, and in between .70 and 1.00 high level relation (Biiyiikoztiirk, 2008). The
statistical significance level was accepted as .05. Moreover, the PROCESS macro regression analysis was used in
order for the mediator role of the social support perceived from the friend and the teacher in between the social
support perceived from the family and tendency to cyber bullying. The analyses were conducted in 95 %
confidence interval, and in order to test whether the mediator role was significant, Sobel z test was used. For the
analyses of the research, SPSS 22.00 package program was used. When the findings of the research are examined,
it can be stated that self esteem has a positive mediator role in the predictor effect of harmony and obsessive
passion for psychological resilience. According to these results, it is obvious that the sports psychologists, trainers,
or relevant managers, who want to create a resource of psychologically enduring athletes, need to support the
athletes in a way to increase their self-esteem, and need to take steps in a manner to support their harmony or
obsessive passion levels. Considering the psychological factors and performance relations, it is evaluated that
harmony or obsessive passion, self esteem, and empowered psychological resilience might play an important role
concerning the sportive performance.

Keywords: Harmony passion, Obsessive Passion, Resilience, Self esteem

Introduction

Self-esteem focuses on the individuals’ need for self-appraisal. Self-esteem is not related to the feeling perfect, but
self-awareness, self-acceptance, identity formation, and the acceptance from others (Adams and Gullotta, 1989).
The individual’s features and environmental conditions influence his/her perspective on life and life position. The
processes such as individual’s perception of being in a stressful environment, inability to develop healthy self-
esteem stemming from weak and unhealthy family bonds, failure to fulfill the taken decisions or the perception of
decisions being damaging for individuality have negative impacts on one’s world. High self-esteem implies we
found ourselves and inner world valuable (Kaya and Sackes, 2005). In this context, having high-level self-esteem
is a positive psychological feature for an individual.

Passion, in which we included in this study, is another positive psychological feature for an individual. Passion
can be defined as the love that the individual possesses for the activity he or she is doing. According to the dualistic
model approach by Vallerand et al. (2003), passion fundamentally has two dimensions. While the first dimension
of passions is “harmony passions” including individual’s passion complying with the life, the second dimension
is “obsessive passion” that can be a deterrent for daily living activities.

In recent years, the research into psychology and performances of the athletes has become increasingly widespread.
Both the theoretical examination of psychological skills (Baykose et al. 2017; Baykose et al., 2016; Thompson et
al.,, 2011) and the experimental studies into the understanding of the relationship between psychology and
performance (Moore, 2009; Raalte et al, 1995; Dagrou et al., 1992; Williams, 1993) have provided an insight for
the sport sciences.
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The psychological resilience concept, included in this study, is defined as a personality trait referring to the
individual staying physically, mentally, psychologically and healthily positive under intense and stressful
conditions (Masten, 1994, Fonagy et al., 1994; Hunter, 2001; Tusaie and Dyer, 2004). In another word,
psychological resilience can be expressed as the individual’s ability to recover, cope with, and succeed against the
events perceived negative and stressful (Luthans et al., 2006). It is seen that psychological resilience correlated
with the concepts such as passion (Baykdse et al., 2017) and self-esteem (Fergusson and Lynskey, 1996; Crocker
and Park, 2004) in literature.

Starting from the finding that positive psychological factors prevented athletes from stressors (Fletcher & Sarkar,
2012), the aim of this study, which was related to the effects of passion and self-esteem on supporting
psychological resilience, was to examine the mediator role of the self-esteem levels of the athletes in the
relationship between harmony-obsessive passion and psychological resilience.

METHOD

Research Model

This study is a relational screening model designed to examine the examine the mediator role of the self-esteem
levels of the athletes in the relationship between harmony-obsessive passion and psychological resilience. Karasar
(2009) defined the relational screening models as the research models aiming at finding out the existence and
degree of covariances between two or more variables. In line with this model, the role of self-esteem in the
relationship between passion and psychological resilience levels of athletes. Two different models were
hypothesized in line with the research purpose. The hypothesized models are displayed as follows.

Figure 1: The first study model

Harmony

Resilience

Figure 2: The second study model

Obsessive
Resilience

Research Group

106 females and 109 males, totally 215 athletes, competing actively during the 2017-2018 season, voluntarily
participated in this study. The age mean score of the athletes was 20.39 + 2.49. The sports experience mean score
of athletes was agemean=8.09 + 3.93.

Data Collection

To reach the research purpose, the Rosenberg Self-Esteem Scale, Passion Scale in Sport, and Psychological
Resilience Scale (Short Form) were used. The detailed information about the data collection tools was provided
below.

Rosenberg Self-Esteem Scale

Self-esteem scale was developed by Rosenberg and adapted to Turkish culture by Cuhadaroglu (1986). The scale
is a self-report scale including 63 multiple choice items and has twelve sub-dimensions. In line with the research
purpose, the first “ten” items of the scale were used. According to the evaluation system of the scale, participants
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score between 0 and 6. The higher the score get on the scale, the lower the self-esteem level. Confirmatory factor
analysis was applied to test the validity of the scale for our study. The fit indices provided enough evidence for the
scale validity (y*/sd=2,28, RMSEA=0,037, TLI=0,95, CF1=0,96).

Passion Scale for Sport

Passion Scale in Sport, adapted to Turkish culture by Kelecek and Asci (2013), was developed by Vallerand et al.
(2003) to determine two type of passion (harmony passion and obsessive passion) to participated and interested
activity. The scale was developed to evaluate passion for different activities in the different field and used in this
scope today. Passion scale consists of 16 items including 6 items to assess harmony passion, 4 items to assess
obsessive passion and 4 items to assess passion to activities in which individuals participate, and it is a 7-point
Likert type. While the internal consistency coefficient for Obsessive Passion dimension of Passion Scale in Sport
was 0,78, the one for Passion dimension was 0,83. Confirmatory factor analysis was applied to test the validity of
the scale for our study. The fit indices provided enough evidence for the scale validity (¥*/sd=2,83, RMSEA=0,046,
TLI=0,94, CF1=0,93).

Psychological Resilience Scale (Short version)

The scale developed by Smith, Dalen, Wiggins, Tooley, Cristopher and Jennifer Bernard (20089 to assess the
individuals’ psychological resilience. The scale, adapted to Turkish culture by Dogan (2015), is a self-report and
5-point Likert type scale including 6 items. After recoding the related items, the higher score on the scale, the
higher psychological resilience and the lower scores, the lower psychological resilience. After the analysis done
by Dogan (2015), the scale was found to be a unidimensional scale, and the factor loadings ranged between 0,63
and 0,79. Confirmatory factor analysis was applied to test the validity of the scale for our study. The fit indices
provided enough evidence for the scale validity (y*/sd=2,12, RMSEA=0,033, TLI=0,97, CFI=0,98).

Analysis

In line with the research purpose, the correlation test was applied to find out the relationship between variables.
The Pearson correlation coefficient requires that the two variables are continuous and that the variables have a
normal distribution together (dyadically). The value r, which represents the correlation coefficient, has been
interpreted as follows: the relationship is low between .00-.29, moderate between .30-.69, and high between .70
and 1.00 (Biytikoztirk, 2008). The significance level was accepted .05 statistically. Moreover, PROCESS macro
regression analysis was used. The analysis was done at 95% confidence interval; Sobel z test was used to test if
mediation was significant. SPSS 22.00 program was used for the analysis.

Results
Table 1: The Relationship Harmony Passion, Psychological Resilience, and Self-Esteem
Harmony Passion Resilience Self Esteem
r 1
Harmony Passion p
n 215
r ,390" 1
Resilience p ,000
n 215 215
r ,206™ ,582™ 1
Self Esteem p ,002 ,000
n 215 215 215

**_ Correlation is significant at the 0.01 level (2-tailed).

When table 1 is examined, it is seen that a positive and linear relationship is found between psychological resilience
and self-esteem. Besides, positive and linear correlation is seen between self-esteem and harmony passion.
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Table 2: The relationship between Obsessive Passion, Psychological resilience, and self-esteem

Obsessive Resilience Self Esteem
Passion

T 1 452" ,385"
Obsessive Passion p ,000 ,000

n 215 215 215

r 452" 1 ,582
Resilience p ,000 ,000

n 215 215 215

r ,385" ,582" 1
Self Esteem p ,000 ,000

n 215 215 215

**_Correlation is significant at the 0.01 level (2-tailed).

When table 2 is examined, a positive and linear correlation is seen between obsessive passion, psychological
resilience, and self-esteem.

Research Model 1

Self Esteem
B=.68
p=.07 +=0 74
Harmony 18 26,17 .
Passion indirect Resilience
B=.13 t=5.24

Figure 2: The mediator role of self-esteem level of athletes in the relationship between harmony passion and
psychological resilience

The determination that there is a positive and significant correlation between harmony passion and psychological
resilience allows testing the hypothesized mediation. PROCESS macro regression analysis was used to test
whether self-esteem played a role in the relationship between harmony passion and psychological resilience. The
predictive effect harmony passion on self-esteem was examined in the first step of PROCESS macro regression
analysis, and it was found that harmony passion predicted self-esteem (=.07, t= 3.07, p<.05) at the level of 4%
(R=21, R2=.04, F= 9,47, p<.05).

In the second step of PROCESS macro regression analysis to determine whether self-esteem played a role in the
relationship between harmony passion and psychological resilience, the predictive effect of harmony passion on
psychological resilience were examined. When the results were examined, it was seen that harmony passion
(B=.18, t=6.17, p<.05) predicted psychological resilience at the level of 15% (R=.39, R2=.15, F= 38,14, p<.05).
In the third step of PROCESS macro regression analysis to determine whether self-esteem played a role in the
relationship between harmony passion and psychological resilience, self-esteem was included in the PROCESS
macro regression analysis and found that it was seen that self-esteem contributed to the prediction of psychological
resilience at the level of 5%. Accordingly, it was found 41% of the total variances was explained via self-esteem
in the prediction of psychological resilience by harmony passion to (R=.64, R2=.41, F=74.87, p<.05). In the third
step of the analysis, it was observed that the effect of harmony passion on psychological resilience decreased (p=.-
13, t=5.24, p>.05). Thus, it can be said that self-esteem has a full mediation role in this relationship (p= .68, t=-
9.74, p<.05). Sobel z test, used to determine whether the mediation role was significant, showed that the mediation
relation was statistically significant (Z= 2.92, p<.05).

Table 3: The results related to the direct and indirect effect of harmony passion on psychological resilience

Direct Effect Effect S.E LLCI ULCI t p
Harmony | Resilience 127 .0242 .0793 1749 5.24 .000
Passion

Indirect Effect Effect S.E LLCI ULCI t p
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Harmony | Self Resilience | .049 .0279 -.0003 1108 6.175 .000
Passion Esteem
Total Effect 176 .0285 1197 2319
Normal Theory Test for indirect effect
Effect: .0487 | s.e:.0167 | 2:2.9207 | p:.003

In table 3, it was found that total effect (direct + indirect) of harmony passion on resilience was positive (B:
0,127+0,049=0,176) and statistically significant (p=0,000). Because the Z score (2,9207) of this model was higher
than 1,96 and significant, the existence of a mediator effect can be said. According to this finding, H; (There is a
mediation role of self esteem in the influence of harmony passion on resilience) was accepted.

Research Model 2
Self Esteem

B=.14 B=.61
t=6.08 | | 1-8.30

Obsessive o zDir:-_C; .
Passion indirect Resilience
B=.12 t=4.64

Figure 3: The mediator role of self-esteem level of athletes in the relationship between obsessive passion and
psychological resilience

The determination that there is a positive and significant correlation between obsessive passion and psychological
resilience allows testing the hypothesized mediation. PROCESS macro regression analysis was used to test
whether self-esteem played a role in the relationship between obsessive passion and psychological resilience. The
predictive effect obsessive passion on self-esteem was examined in the first step of PROCESS macro regression
analysis, and it was found that obsessive passion predicted self-esteem (B=.15, t=3.07, p<.05) at the level of 15%
(R=.38, R2=.15, F= 37,017, p<.05).
In the second step of PROCESS macro regression analysis to determine whether self-esteem played a role in the
relationship between obsessive passion and psychological resilience, the predictive effect of obsessive passion on
psychological resilience was examined. When the results were examined, it was seen that obsessive (f=.21, t=
7.39, p<.05) predicted psychological resilience at the level of 20% (R=.45, R2=.20, F= 54,69, p<.05).
In the third step of PROCESS macro regression analysis to determine whether self-esteem played a role in the
relationship between obsessive passion and psychological resilience, self-esteem was included in the PROCESS
macro regression analysis and found that it was seen that self-esteem contributed to the prediction of psychological
resilience at the level of 5%. Accordingly, it was found 40% of the total variances was explained via self-esteem
in the prediction of psychological resilience by the obsessive passion for (R=.63, R2=.399, F=70.53, p<.05). In the
third step of the analysis, it was observed that the effect of obsessive passion on psychological resilience decreased
(B=.12, t=4.64, p>.05). Thus, it can be said that self-esteem has a full mediation role in this relationship (= .61,
t=8.30, p<.05). Sobel z test, used to determine whether the mediation role was significant, showed that the
mediation relation was statistically significant (Z= 4.88, p<.05).

Table 4: The results related to the direct and indirect effect of obsessive passion on psychological resilience

Direct Effect Effect S.E LLCI ULCI t p
Obsessive | Resilience 129 .0278 .0744 .1740 4.64 .000
Passion
Indirect Effect Effect S.E LLCI ULCI t p
Obsessive | Self Resilience | .088 0271 .0422 1458 7.39 .000
Passion Esteem
Total Effect 218 .0295 .1599 .2762

Normal Theory Test for indirect effect
Effect: .0889 | s.e:.0182 | z: 4.8844 | p:.000

In table 4, it was found that total effect (direct + indirect) of obsessive passion on resilience was positive (p:
0,129+0,088=0,218) and statistically significant (p=0,000). Because the Z score (4,8844) of this model was higher
than 1,96 and significant, the existence of a mediator effect can be said. According to this finding, H; (There is a
mediation role of self esteem in the influence of obsessive passion on resilience) was accepted.

Discussion And Conclusion
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106 females and 109 males, totally 215 athletes, competing actively during the 2017-2018 season, voluntarily
participated in this study. The age mean score of the athletes was 20.39 + 2.49. The sports experience mean score
of athletes was agemean=8.09 + 3.93.

To reach the research purpose, the Rosenberg Self-Esteem Scale, Passion Scale in Sport, and Psychological
Resilience Scale (Short Form) were used. The detailed information about the data collection tools was provided
below. In line with the research purpose, the correlation test was applied to find out the relationship between
variables. The Pearson correlation coefficient requires that the two variables are continuous and that the variables
have a normal distribution together (dyadically). The value r, which represents the correlation coefficient, has been
interpreted as follows: the relationship is low between .00-.29, moderate between .30-.69, and high between .70
and 1.00 (Biiyiikoztiirk, 2008).

The direct and indirect relationship between passion and psychological resilience levels of athletes was examined
in this study. It was found that the psychological resilience of athletes could be increased if their harmony and
obsessive passion levels were supported to increase self-esteem. It can be said that the results of this study were
supported by some study findings in the literature.

When the results of the structural equation modeling study conducted by Baykdse et al. (2017) to examine the
predictive role of self-esteem and passion on psychological resilience were examined, it was suggested that
psychological resilience had positive relationships with both self-esteem and harmony passion. The results of
Baykése et al. (2017) supported our findings. In another part of the study by Baykdse et al. (2017), a negative
correlation was found between psychological resilience and obsessive passion. In this context, this part of the study
by Baykose et al. (2017) was contradictory with our results. The sample difference can be the reason for this
contradiction.

Many researchers suggested that self-esteem positively correlated with psychological resilience. These studies
contributed to our findings in various ways (Crocker and Park, 2004; Fergusson and Lynskey, 1996; Vallerand et
al. 2003). Furthermore, the results of this study supported the view that psychological resilience was supported by
positive psychological factors (Fletcher & Sarkar, 2012).

According to these results, it is evident that sports psychologist, coaches, and managers, who wish the athletes
being psychologically resilient, should attempt to support them to increase their self-esteem, harmony and
obsessive passion levels. Considered psychological factors and performance relations, it is thought that harmony
and obsessive passion, self-esteem and strengthen psychological resilience can play a key role in sports
performance.
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Abstract

Population aging is very often discussed topic. People live until higher age. The age of living is increasing because
of a few reasons. As the first one could be mentioned the increasing level of health care. The second one could be
healthier life style — increasing interest of people about healthy diet, more sport,etc. Mainly these reasons caused
increasing of life expectancy. On the other hand numbers of death are increasing (especially at the higher ages).
That is why the reliability of demographical data is increasing at higher ages. Because of the aging population the
evolution in these ages is more and more important. That is why the modelling of mortality is increasingly
important. It is important to have the best imagination about the evolution of mortality at the highest ages. One of
the approaches of modelling of mortality is the using of analytical functions.

The aim of this article is the presentation of selected mortality models. These models could be devided into several
groups (exponential, logistic, polynomial, etc.). Gompertz law of mortality, Gompertz-Makeham function or
Coale-Kisker model could be included among exponential functions. Kannisto, Thatcher or Heligman-Pollard
model could be included into logistic group.

The other aim is the presentation of software DeRaS in which these models are implemented. In this article will
mentioned procedure required for the calculation of mortality tables in DeRaS. The advantages o fit will be
mentioned after that. Results will be presented at the end of this part. Here will be used the possible options of
DeRaS software.

The data about mortality of Czech population will be used for the calculations. The data are from the Czech
Statistical Office database. The data for the last disposable year will be used for the calculation (2016).

Key words: Models of mortality, age, DeRasS software

Introduction

The aging of population is discussed topic in last days. People live until higher ages and higher number of deaths
at these ages is connected with it. So it is very important to make changes in social system and in health care
system for the future. The modelling of mortality is increasingly important because of this reason.

Methodology
For the modelling of mortality could be used several approaches. One of these are the analytical functions. The
functions presented in this article are using at the ages 60+.

Models Of Mortality
Gompertz function
The Gompertz law of mortality is one of the oldest models of morality. It could be written like

p(x)=a-e",
where x is the age, a, b are parameters of the model, x(x) is the force of mortality (Gompertz, 1825).
The force of mortality can be roughly expressed as u(x+0,5) = m _, where the age-specific death rate (my) is

given as:
m = Mx
X T E_

where M, is the number of deaths at age x and FE is the exposure to risk for x-year olds.
This model assumes exponential increase in mortality with an increasing age.
This model was improved by many authors, e.g. Gavrilov a Gavrilova (2011, 1) or Koschin (1999).

The Gompertz-Makeham function
The Gompertz law of mortality was improved by W. M. Makeham. The other parameter was included into the
function. This parameter expresses deaths independent on the age (Makeham, 1860).

u(x)=c+a-e"

>

where x is age, a, b and c are parameters of the model.
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The Gompertz-Makeham function could be written in simpler version:

uxy=c+a-b*,

where x is the age, a, b, ¢ are parameters of model.

The Gompertz-Makeham function is very often used function for modelling of the intensity of mortality at higher
ages. It almost ideally describes mortality from 60 to 85 years. But the constant increase in mortality is not true

for the ages 85+. The Gompertz-Makeham function was also very important for the scientific research of Thatcher,
Kannisto Vaupel (1998) or Gavrilov and Gavrilova (2011, 2).

Coale-Kisker model

Coale-Kisker model is focused on changes of deaths rates between two consecutive ages. Authors assume not
constant increase at the highest ages but linear decrease. Coale and Kisker based on determination of variable 4.
by Coleho, Magalhdes, Bravo. This variable could be written like

kx = ln[ s Ja
mx—l

where m is the age-specific death rates.
Variable £ is decreasing from the age 85:

k., =ke—(x—85)s,
where x is age, kgs and s are parameters of the model.
This model is based on two assumptions:

1. The age-specific death rates have to be equally reliable around the age 85.
This assumption relates to the value of the age-specific death rate in the age considered as the highest
achievable (the authors set it for 110 years). If the age-specific death rate is determined at this age then it
will allow us to estimate the parameter s. The age-specific death rate at the age of 110 was set at 1.0 for
males and 0.8 for females (both values are based on the level of death rates in the Swedish population).

The final model then corresponds to an exponential-quadratic function. It could be expressed as
IU(X) — ea<x2 +b-x+c

where x is age, a, b and ¢ are unknown parameters (Thatcher et al., 1998).

The model of Coale and Kisker was further dealt with by Thatcher, Kannisto and Vaupel (1998) or Burcin,
Tesarkova and Sidlo (2010).

Heligman and Pollard model
The original form of the model was focused on modeling of mortality throughout the whole age range:

G-H'

1+G-H*’
where x is age, 4, B, C, D, E, F, G and H are unknown parameters.

. C _r. ~ 2
q, = A(”B) +D-e E-(In(x)~In(F)) n

The model tries to eliminate the dearth of all other models which model mortality only at higher ages. The aim of
the authors was to create a model that would be appropriate to capture mortality even in the lower age (Boleslawski,
Tabeau, 2001).

Since the other models deal with modeling of the intensity of mortality only for older people, I will only consider
the third part of the original eight-parameter version of the model.

The model of Heligman and Pollard is shaped as follows:

_ G-H *
1+G-H*’
where x is the age, G and H are unknown parameters.
Therefore, the same function is used as in the Himes-Preston-Condran model. The difference, however, is that the

model of Heligman and Pollard models the probability of dying rather than age-specific death rates.
One of the first logistics models was designed by Perks in 1932. Perks first noted that mortality rates can be

q:
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described by a curve - a logistic function.

Kannisto model

Another logistic model is the Kannisto model. Kannisto found that mortality rates in modern populations are very
close to one of the simplest forms of a logistic function in which logit (x) can be expressed as a linear function of
the age. The same model function was used by Himes, Preston and Condran in 1994.

b
a-e”

l+a-e"’
where x is the age, a, b are unknown parameters.
Logit (i) is a linear function of age written in the form:

Hy

logit(u, ) =In(a)+b-x

Thatcher model
Another form of the logistics model was introduced by Thatcher. It differs from the basic logistic function by
including the other parameter (characterizing age-independent mortality).

U =c+ a-e”
! l+a-e™”’

where x is the age, a, b and c are unknown parameters (Thatcher, 1999).

As was mentioned above, a number of authors have used the logistic function for modeling mortality. Later they

were followed by another Canudas-Romo (2008).

Software Deras

DeRaS (see Figure 1) has been designed for modelling of mortality using the above-mentioned models. Before
computing, you first need to insert an Input File and choose where we want to store outputs (Output Directory).
Finally, we set a calculation period - the mortality tables can be calculated for several years to determine the time
series.

The software also offers a choice of age range in which the model parameters will be estimated (minimum output
age and maximum output age). Finally, you need to set the maximum output age (the age until which mortality
tables are counted).

In the next step, we can choose which analytic functions will be used to calculate mortality tables. DeRaS also
offers a choice between full and abridged mortality tables.

A great advantage is the creation of figures. DeRaS offers a figure for the probability of dying, life expectancy,
etc. For the probability of dying, it is possible to create a combined figure that compares all models.

Sample of DeRaS Software Environment:
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Figure 1: Enviroment of DeRaS software

23 DeRas GUI

- O X
Death Rates Simulation FrontEnd
Parameters Resyults
IO Parameters
*** not selected ***
Output Directory | **** not selected ****
Years to Compute to 85 8 sum
C5V Delimiter input |; output | O
Regression Parameters
Minimum Input Age '
60 a5 7o Th 20 a5 90
Maximum Input Age '
60 a5 7o Th 20 a5 90
Maximum Cutput Age '
90 o5 100 105 110 115 120
Model Function I:‘ ALL
[ coaleKisker (c) [] compertz f@) [] Gompertz-Makeham (m)
[] Heligman-Pellard (h) [ ] Kannisto )} [ | Thatcher {t)
Mowing Weights
Life Table Type complete I:‘C.meine-d output file Delete primary cutput files I:‘ Time series
Graph Production none » | Combined graphs for gx | none e
Commands

Source: DeRaS (2012)

For the estimation of unknown parameters is used nonlinear regression procedure.

Results

For the calculations was used the data about mortality of the Czech population for the last available year (i.e.
2016). As the input data was used the number of deaths according age and gender, the number of mid-year
population according age and gender, and the number of live births sorted by gender.

For the demonstration of the output is used a combined figure for probability of death.

The figure (Figure 2) shows modeling probabilities of dying for the Czech males according to every single model.
The figure also contains empirical probability of death. The results show that the highest values are given by Coale

- Kisker and Gompertz - Makeham model. On the other hand, the lowest values we obtain for the Kannisto and
Thatcher model.
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Figure 2: Probability of death according to selected models — males in the Czech Republic
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Source: data CZSO, author’s calculation (DeRaS, 2012)

Volume 2

The following figure (Figure 3) contains modeling probabilities of dying for the Czech females. Based on the
obtained results, it can be said that the highest values are provided by the Coale-Kisker model, the lowest values
are provided by Kannisto and Thatcher model. And as the average model can be classified the Heligman-Pollard

model.
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Figure 3 Probability of death according to selected models — females in the Czech Republic
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Source: data CZSO, author’s calculation (DeRaS, 2012)

Conclusion

One of the aims of this article was modelling of mortality in at ages 60+ by using selected analytical functions.
Based on the obtained results, we can conclude that the highest values for probability of dying are achieved by
using the Coale-Kisker model or the Gompertz-Makeham function. On the other hand, we get the lowest values
for the Thatcher or Kannisto model. Among the average models we can include the Heligman-Pollard model.
Another aim was to introduce the DeRaS software in which these models are implemented. Its advantage is the
speed of getting the outputs. Several functions can be used to model of mortality, and it is possible to determine
the age range to be used for the estimation of parameters. The software also offers graphical outputs and a choice
between full and abridges mortality tables.
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Abstract

This study aims to investigate a sound model by comparing the unidimensional, multidimensional, and multi-
dimensional item bundles models. Answering the open-ended question is one of the most important tasks for
assessing the product and process of mathematical problem solving through the use of multiple proficiencies. Its
use may cause a violation of item local independence due to its being multiple scores from a common open-ended
task on multiple proficiencies. The instrument involves seven tasks encompassing three item bundles that share a
common open-ended question for Thai sixth-grade students. The results show that all multi-dimensional models
fit better than the unidimensional model. Although the bundles model is the best fit, the two multidimensional
models have very similar values in terms of their reliabilities, correlations, and weighted fit statistics. In a real-
world context, the multidimensional model is an adequate simpler explanation and, at an international level,
provides richer information to the classroom teacher. Further analysis focused on the appropriate amount and the
types of common tasks for using the item bundles model and demonstrate the magnitude of the bundle effect that
impacts parameter estimates and test precision.

Keywords: Assessment design; MRCML model; multidimensional proficiencies, problem solving; Rasch analysis

Introduction

Assessing mathematical problem solving (MPS) is one of the most interesting issues because it significantly
contributes to the outcomes of mathematics education (National Council of Teachers of Mathematics (NCTM),
2000). In recent years, ‘embedded assessment’ has been a major topic of interest, debate, and experimentation in
the nationwide efforts at educational reform in each country (Hickendorff, 2013; Jones, Swan, & Pollitt, 2014),
particularly in mathematics (Arieli-Attali & Cayton-Hodges, 2014; Stylianou, 2013). Assessing MPS focuses not
only on the product of teaching but also on the process of thinking. Therefore, by answering the open-ended
question is the most efficient task for eliciting the multiple proficiencies of the students because they need to use
their responses to the previous step to solve problems in the subsequent step before obtaining the final answer.

Past researchers Hickendorff (2013), Jones et al. (2014), and Youngchim, Pasiphol, and Sujiva (2015) revealed
that the strength of using the multidimensional approach to examine and develop problem solving tasks and
cognitive processes but they only emphasize formal test administration rather than the embedded assessment in
the curriculum. Besides, past studies focus on students’ profiles based on the differences in the dimensions rather
than the levels of proficiency, reflecting on students’ progress in each dimension (i.e. progress variables), which
is a major focus of instruction and assessment activities (Black, Wilson, & Yao, 2011). It is important to note that
the tasks are not designed to provide information on the separate dimensions, particularly when items require
multiple latent traits within one single task.

The aim of this study is to investigate a sound model for assessing MPS relating to the modeling of items in a
common open-ended question by comparing three models namely unidimensional (UD), multidimensional (MD),
and multidimensional item bundles (MDB) models. The results of this study are important because they provide
evidence for selecting the model with the flexibility and appropriateness for assessment in the real-world context.
The idea that students can obtain the right answer for wrong reasons needs to be taken into account when
developing assessment tools.
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According to Webb (1998), developing a task requires identifying the specific assessment objectives, revealing
the extent to which a student possesses knowledge of the idea being assessed, and disclosing how students have
integrated their knowledge of this idea into other ideas or contexts. Therefore, the tasks for assessing MPS
frequently require a number of cycles for piloting and revising the questions particularly true for open-response
questions in which students are asked to generate and write more than one way of stating the answer and for higher
order thinking, eliciting the knowledge to be assessed, and revealing something of the process of MPS through the
use of three dimensions namely procedures (PC), strategies (ST), and reasoning (RE). Researchers compared the
three models of item modeling namely UD, MD, and MBD models. Although the three models are related to a
common open-ended question or a common prompt, the measurement models are different for the design matrices
specifying the relationship between the response to the items and the structural parameters assumed to underlie a
given measurement situation.

In the UD, the sum of scores received from 14 items, ranging from 0-56 can be treated as the student’s response
for a single estimate of MPS (see Figure 1). It has the advantage of parsimony in modeling student proficiency and
summarizing student’s MPS with a single number, which represents the performance on the 14 items. The proability
of a student’s response is in category k of item i (Pi), as opposed to the previous category k-1 (Pi.1), for each of the 14 items
dipicted in Equation 1. This equation is related to the level of that student’s ability on unidimention (0) and the relative
difficulty of categories k (8ix) for disclosing the level of MPS.
lOg(Pik/Pik_1) = 9'6ik (1)

Analyzing the data compositely with the ACER ConQuest Version 2.0 (Wu, Adams, Wilson, & Haldane, 2007)
produces estimates for a total of fifty-seven parameters: fifty-six item (&) and step (1) difficulties, and one
population variance. In the analysis, we constrain the population mean to zero so that all item parameters can be
estimated while ensuring parameter identification.

AT,

o

] ()

1 H i

mHn

3

Figure 1: Unidimensional model

The MD can be viewed as a compomise between the UD and consecutive models that incorporate the best of both
approaches (Allen & Wilson, 2006; Briggs & Wilson, 2003). The UD composits the scores with the single variable,
and the consecutive approach summarizes the scores on items associated with each of the three MPS variables
namely PC, ST, and RE (see Figure 2). The scores on each dimension provide distinct information about each
examinee by incorporating the correlation between the dimensions directly into the model. There is a direct
influence of the latent MPS for each dimension on the items assigned to the dimension depicted through the straight
arrows but there is also an influence from all the other dimensions through the curved lines. The curved lines are
represented associations rather than causes.

Ty
()

Figure 2: Multidimensional model

This model can be modeled using the Multidimensional Random Coefficient Multinomial Logit (MRCML) model
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to estimate latent MPS across the three dimensions simultaneously. The MD uses the formulation from Equation
2 (compare with Equation 1):
log(Pic/Pi-1) = 04~ i (2)

The major difference between Equations 1 and 2 is that, here, the person estimate, 8, is now also subscripted by
the dimension, d. The multiple d values allow the researcher to model examinees’ level of MPS on each of the
separate dimensions represented in the scale. There are now three population means for this analysis (constrained
to zero for identification), three variance estimates and six covariance estimates. Altogether, a total of sixty-two
parameters are estimated using ConQuest.

Rosembaum (1988) introduces the term ‘item bundle’ to denote precisely the type of item subset and drawing attention
to the possibility of generalizing the concept of conditional independence so that it would allow tests composed of item
bundles to be calicrated in ways similar to tests that adhere to the usual formulation of conditional independence. In the
case of the strict bundle independence model, that is, a model without parametric dependence between bundles (B), then
the maximum number of parameters that can be estimated for each bundle (B1, B2, B3) is the M®-1= 53-1 =124 response
pattern, where M is the number of item categories and R is the number of item bundles (see Figure 3). The MDB model
uses the formulation from Equation 3 (compare with Equations 1 and 2):
log(Pa/Patc1) = 07, i 3)

The probability of a student’s response is in category k of bundle ¢ (P), as opposed to the previous category ck-1 (Pe.1),
for each items bundle. This equation is related to the level of the student’s ability on each dimension (6,;) and the relative
difficulty of categories k (dcx) to bundle ¢ with the level of MPS. In addition, this model adds the score of each category on
bundle ¢ (r;.) for this study.

Figure 3: Multidimensional item bundles model

Methodology

The construct modeling approach is an example of an assessment system called the Berkeley Evaluation and
Assessment Research (BEAR) Assessment System, which is largely based on performance assessment particularly
on assessment that are embedded in the pedagogy and curriculum rather than administered as formal ‘tests’. This
approach is based on the ideas of developmental assessment (Wilson, 2005). The elements of the system are based
on four principles, namely (i) construct maps (a developmental perspective on student learning); (ii) design of
tasks (a match between instruction and assessment); (iii) outcome space (teacher management and responsibility),
and (iv) measurement model / Wrigth map (generating quality evidence) described in detail by Wilson and Sloane
(2000).

The PC construct map represents the degree to which a student selects an appropriate solution and obtain the
correct answers. This construct map contains five levels of the learning progression to capture student successes
in four operations of whole numbers, addition, subtraction, multiplication, and division. It describes the
development of mathematical procedures as progressing from exploring inappropriate solutions and obtaining the
wrong answers to show an appropriate solution and operation without error. The ST construct map captures
students’ ability to choose and use strategies for representing the algorithm and notation with reflection for familiar
or unfamiliar problems. The expectation at higher level is that students can demonstrate the ability to move from
concrete to abstract representations such as drawing a diagram, guessing, checking, and improving a solution,
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making an organized list, making a table, working backwards, using logical reasoning, looking for a pattern, and/or
using a model. The RE construct map examines the quality of the student’s demonstration of logical reasoning

with strong explanations that include both clear text and proper mathematical notation.

The design of tasks is focused on the number and operation involved in solving the four fundamental mathematical
operations of cardinal number prompts. All the MPS items are created based on the desired performance of the
Basic Education Core Curriculum of Thailand, Ministry of Education (2008) for Thai sixth-grade students. The
learning standards consist of (i) an understanding of diverse methods of presenting numbers and their application
in real life; (ii) an understanding of the results of operations of numbers, the relationship of operations, and the
application of operations for problem solving; (iii) the use of estimation in calculation and problem solving, and
(iv) an understanding of the numerical system and the application of numerical properties.

The outcome space is one scoring guide for each of the three MPS variables based on the student’s level of
proficiency on an assessment task is determined. The guide is used throughout the entire class for all assessments
relating to a particular dimension. The definition of PC, ST, and RE are contained in the scoring guides, which
describe the thinking process needed to reach the various scoring levels ranged from 0 to 4 on the elements of the
variables (see Figure 4).

recognize a multiplication table listing
all the multiples of positive integers
from 1 through 12 etc.

(2x3 = 6, 12x3=36).

- Use of procedures and operations
inappropriately because they are not
adequate conceptual understanding.
-May show a major misconception of
procedures and operations.
-Demonstrate the wrong answers based
upon an inappropriate solution and
errors in the major part of the notation.

beginning strategy for
exploring one or/and two
steps a problem in the simple
algorithm or procedures
based on their observations of
familiar problems but they
give partly support or
relevant answer, such as—
using the words or/and the
simple formulas.

Score UE;{?;?I Procedures (PR) Strategies (ST) Reasoning (RE)
4 proficiency is -Systematically explore a problem to -Use the multiple strategies to | -Makes predictions and
above and beyond gain an understanding of how relevant understand all information justifications using information
what is asked of information to make structure and pertained to the problem. from their work effectively,
the student conjectures. -Choose and use the multiple accurately, and thoroughly.
- Use of procedures and operations strategies representing the -Make a reasonable estimate and
without arithmetic/solution errors in complex algorithm or evaluate reasonableness of
multiple-step. procedures, such as drawing a | solutions, analysing the effect of
-Show an appropriate solution and get diagram, guessing and the use each, and how they relate
the correct answers. improving, making an to each other
organized list, making a table, | -Be able to use deductive
working backwards, using arguments to justify decisions and
logical reasoning, looking for a | may result in formal proofs.
pattern, or/and using a model. -Demonstrates logical reasoning
-Demonstrate the ability to with strong explanations that
move from concrete to abstract | include both words and proper
representations. mathematical notation.
3 proficiency is -Solve a one-step and two-step -Use a variety of strategies -Construct argument with an adequate
mostly complete solutions correctly but they will not for representing algorithm or mathematical basis.
and appropriate complete all the steps. procedures appropriately and -Demonstrates logical reasoning with
performance -Mostly explore a problem by using systematically with the major appropriate explanations that include
procedures and operations part of mathematical basis. both words and proper mathematical
appropriately. -Use both words and proper notation.
- Show an appropriate procedures and mathematical notation for -Mostly make predictions and
operations but may still get incorrect explanation, such as drawing justifications effectively and accurately
answers because of miscalculations or the pictures, making a guess by using information from their work.
misconception in the minor part of the and test it, or/and eliminating -May show inappropriate predictions
notation. possibilities, etc. and justifications in the minor part of
the problem.
2 proficiency is -Begin to solve basic, one-step equation | -Use strategies for -Make argument with a little
partly appropriate in a limited way based on their representing algorithm or mathematical basis.
but missing observations of familiar problems. procedures with the minor -Partially demonstrate logical
something -Can identify, recall, recognize of the part of mathematical basis. reasoning and conceptual
important mathematical content. For example-- -Choose and use the understanding in some but not all.

-Show inappropriate predictions
and justifications in the major part
of the problem.

proficiency is
inappropriate

-Use of procedures and operations
inappropriately because they are inadequate
content knowledge and conceptual
understanding.

-Do not start to solve a simple problem
because they do not identify, recall,
recognize of the mathematical content. For
example--do not recognize a

-Be unable to use strategy
with mathematical basis.
-Use only words for
explaining but do not support
or relevant answer.

-Make arguments with no
mathematical basis.

-Lack of logical reasoning and
accuracy.

-Unable to predict and justify by
using information from their work.
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multiplication table listing all the multiples
of positive integers from 1 through 12.
-Demonstrate the wrong answers based
upon an inappropriately simple solution and
errors in their calculations.

0 an off-task -Do not answer, attempt, or give -Do not answer, attempt, or -Do not answer, attempt, or give
relevant responses. give relevant responses. relevant responses.

Figure 4: The MPS scoring guide in each dimension
The measurement model used is the Multidimensional Random Coefficients Multinomial Logit Model (MRCLM)
by Adams, Wilson, and Wang (1997). MRCLM is a general and flexible model that allows for the specification of
a large number of multidimensional item response models (Draney, Yamada, & Xie, 2000). The MRCLM
describes the proficiency of person N as a V-dimensional vector 8 = (6,, ..., 8y). The relationship between items
and dimensions is specified by a scoring function, such that a response in category j to item i is represented by a
V column vector of length V bi=(bi,...,bikv)". These column vectors are then collected into a scoring submatrix
Bi for item i, and these submatrices are collected into an overall scoring matrix B. There are p item parameters,
which are collected into a parameter vector E=(E, ..., &p ). The relationship between item responses and

parameters is specified by a design matrix A. This matrix is composed of design vectors aj;, each of length p,
which, when multiplied by the parameter vector & form a linear combination of the parameters operative for
response j to item i. The probability of a response j to item i is then given by

]iexp(b”9+a ”{) (4)
Yk=1 €XpDig0+a k&)
Data was collected from 409 Thai sixth-grade students in seven elementary schools in the northern and north-
eastern regions of Thailand. This study employs four measurement models to investigate a sound model for
assessing MPS relating to the modeling of items in the common open-ended question. These models consist of the
Rasch model (Rasch, 1960), the partial credit model (Masters, 1982), Rasch models for item bundles (Wilson &
Adams, 1995), and the MRCLM (Adams et al., 1997). The parameter are estimated using ACER ConQuest Version
2.0 (Wu et al., 2007). The model fit, reliability and item fit comparisons provide the evidence for selecting the
model with the flexibility and appropriateness for assessment in a real-world context.

P(X;; = 1|A4,B,¢|6) =

Results

Model fit and reliability comparisons

The fits of the various models are compared considering the difference in deviance between the two models. The
resulting statistic is distributed as approximately the 2, with degrees of freedom equal to the difference in the
number of parameters in the two models. The information about the fit of the various models indicates that the
MDB model fits the data significantly better than the two models at the o< = .01 level (see Table 1). Based on a
comparison of Akaike’s Information Criterion (Akaike, 1981), the MBD fits the data better than the MD and UD.
Comparing the UD and MD models, however, the MD shows a fit that is significantly better at the « =.01 level
than the UD model (y?=63.826, df=5). This result is at least suggestive that the MD is better than the UD model
for these data. Regarding the reliabilities of the three models in the MPS data, under the MD model, the reliability
for each dimension comes closer to the unidimensional reliability estimate than the MDB model, particularly the
ST dimension. This result suggests that the MD model results in a higher reliability than the MDB model for these
data. Nevertheless, in the case of the PC dimension in each model, the reliability is lower than the other two MPS
variables. Moreover, in a bundle satuated model, the plain multidimensional model likely over-estimated the
reliability (Wilson & Adam, 1995). The correlation between dimensions for each of the three models, in all three
models, the correlations are high between dimensions are high, especially the correlation between the ST and RE.
The correlations are very similar for both models.

Table 1. Model Fit Comparison, Reliability, and Correlation Estimates between Dimensions

Model Fit Comparison AIC Deviance Number of parameters

1.UD 11726.257 11612.257 57

2. MD 11672.432 11548.432 62

3. MBD 11508.025 11378.025 65
Reliability PC ST RE

1.UD 0.803 (all items)

2.MD 0.710 0.710 0.710

3. MBD 0.677 0.677 0.677
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Correlation Estimates PC ST
between Dimensions
1. MD ST 0.861
RE 0.874 0.887
2. MBD ST 0.871
RE 0.875 0.895

Construct validity, Wright map comparisons

The person ability estimates and the item difficulty estimates from the MRCLM analysis can be summarized
graphically using a Wright Map (Wilson, 2005). The results found that the Wright Map of the MD, and MDB
models are very similar in the person ability estimates and the item difficulty estimates. Consequently, researchers
decided to present the comparison between unidimensional and multidimensional constructs (see Figure 5). The
Wright Map of unidimensional construct demonstrates that most items are generally inconsistent, particularly for
some noticeable overlap in the levels and some surprisingly low threshold values in level 5. Specifically, Item
1,3, 4, and 5 have threshold estimates in level 5 that are easier than expected. The Wright Map displays the
thresholds for each item step of the MD model that have been separated into dimensions such as PC, ST and RE.
The Wright Map shows that most of all are generally consistent in this regard, except for some noticeable overlap
in the levels and some surprisingly low threshold values in level 4 and 5 in PC dimension. Specifically, the PC
(Item 2,4, and 5) items have threshold estimates in level 5 that are easier than expected.
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Figure 5: Wright Map Comparison between unidimensional and multidimensional models

Item fit

Regarding the weighted mean square fit statistics of the items for the three models, three out of the 14 items in the
UD construct, i.e., Items 2, 5, and 13, have a weighted mean square fit statistic that falls outside the range of the
95% confidence interval (see Table 2). Out of these three items that have a significant misfit, there is one item
(Item 5) that falls outside of the acceptable effect size range of 0.75 to 1.33. Considering the item fit of the other
two models, however, only one or two of the 14 items in the two multidimensinal models have a weighted mean
square fit statistic that falls outside the range of the 95% confidence interval, and they are all from the original
subset of three. Out of these items that have a significant misfit, all the items fall within the acceptable effect size
range. This result is at least suggestive that the fit of the items of the MD construct is better than that of the UD
construct for these data.
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Table 2. Weighted Fit Statistics for the Fourteen Estimated Item Parameters of the Three Models

Dimension uD MD MBD

Item MNSQ Cl T MNSQ Cl T MNSQ CI T

PC 1 1.13 (0.83, 1.17) 1.5 0.99 (0.83, 1.17) -0.1 0.92 (0.82, 1.18) -0.9
2 0.87 (0.88, 1.12) 2.1 0.87 (0.89, 1.11) 2.4 0.91 (0.87, 1.13) -1.5

3 1.07 (0.76, 1.24) 0.6 0.95 (0.76, 1.24) -0.4 0.86 (0.76, 1.24) -1.1

4 1.07 (0.85, 1.15) 0.9 0.97 (0.85, 1.15) -0.4 0.94 (0.85, 1.15) -0.7

5 1.51(0.87, 1.13) 6.7 1.28 (0.88, 1.12) 4.1 1.29 (0.87, 1.13) 4.1

ST 6 0.97 (0.87, 1.13) -0.4 1.06 (0.86, 1.14) 0.8 1.01 (0.86, 1.14) 0.1
7 0.91 (0.84, 1.16) -1.1 0.99 (0.85, 1.15) -0.1 1.03 (0.84, 1.16) 0.4

8 0.90 (0.87, 1.13) -1.5 0.99 (0.86, 1.14) -0.1 0.98 (0.86, 1.14) -0.2

9 0.88 (0.88, 1.12) -2.0 0.96 (0.87,1.13) -0.6 0.98 (0.86, 1.14) -0.3

RE 10 0.96 (0.87, 1.13) -0.5 1.01 (0.87, 1.13) 0.2 1.01 (0.87, 1.13) 0.1
11 1.01 (0.84, 1.16) 0.2 1.07 (0.85, 1.15) 0.9 1.11 (0.85, 1.15) 1.4

12 0.99 (0.86, 1.14) -0.1 1.05 (0.86, 1.14) 0.7 1.06 (0.86, 1.14) 0.8

13 0.86 (0.87, 1.13) -2.3 0.96 (0.86, 1.14) -0.6 0.97 (0.86, 1.14) -0.4

14 0.90 (0.87, 1.13) -1.5 0.96 (0.87, 1.13) -0.6 0.99 (0.86, 1.14) -0.1

Discussion and Conclusion

Results indicated an evidence that a three-dimensional model is more appropriate than a one-dimensional model.
The unidimensional and multidimensional models ignore the violation of the local independence assumption. Thus,
the item bundles model is the best fit for these data because this model is concerned with the violation of item
local independence in cases in which students obtain several scores from a common open-ended question or task,
and it does so by means of formulations that meet the independence requirement between the bundles rather than
between individual items. Most importantly, researchers that the MD model is highly problematic concerning the high
correlation between dimensions because it obtained several scores from a single student written response on multiple
dimensions. Furthermore, results have shown that ignoring local dependence will, in general, overestimate the test
information and reliability and thus underestimate the standard error of ability estimates. The resulting parameters must be
interpreted with respect to the item bundle, rather than in terms of individual items (Wang, Su, and Qiu, 2014). Nevertheless,
in this case, one aspect, a contrasting assumption, is that the correlations are very similar for both models. Moreover, the
MDB model shows a fairly higher correlation matrix than the MD model. These results indicate that the assessment design
can use the simple multidimensional model for representing a complicated model, such as those described by Wilson and
Adams (1995) and Arnesona (2015), in which the saturated bundle model is not a feasible strategy to use for assessing
polytomous items.

In conclusion, the results of the two multidimensional models have very similar values in terms of the reliabilities
(EAP) and correlation matrix, especially the weighted fit statistics. Regarding its use in the real-world situation,
the MD model is a more adequate explanation than the explicit MDB models. At an interpretative level, the MD
provides richer information to the classroom teacher about the MPS of students than the UD model. However, the
correlations between the ST and RE competencies are closely related. The ST construct levels capture students’
ability to choose and use strategies for representing the algorithm and notation that reflects familiar or unfamilia
problems, whereas the RE construct levels focuses on the quality of students’ demonstration of logical reasoning
with strong explanations that include both clear text and proper mathematical notation. The scoring of these
dimensions is not clear and explicit in some open-ended tasks. In some situations, using logical reasoning is the
best strategy of all for meeting higher-level expections. Students can demonstrate the ability to move from concrete
to abstract representation. Future research is necessary to examine and compare the fit of the model after reducing
the number of dimensions assessed by combining the ST and RE. Moreover, this study did not investigate the amount
and types of items in the common open-ended questions with appropriation for using the item bundles model. Further
analyses should demonstrated the magnitude of the bundle effect that impacts the parameter estimates and test precision.
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Abstract

Students, being the ultimate asset of any institutions of higher learning, need to have their performance carefully
monitored and their potential effectively developed while enrolled in the respective academic programmes. This
paper describes the established workflow and system for an undergraduate Civil Engineering Technology
programme in a public university, from admission right up to the completion of study. At the input end, it
highlights the intricacies of enrolment of students from different academic background requiring credit
articulation. Once enrolled, the students’ academic performance is continuously monitored in accordance with
the stipulated learning outcomes per course every semester, which cumulatively add up to the attainment of
Programme Outcomes or POs outlined in the Sydney Accord for bachelor’s degree in engineering technology.
Also included in the discussion is the students’ workload over the 4-year programme duration, where balanced
distribution of the student learning time (SLT) for the 140 credit-hour programme is presented. In addition,
explanation is given on the engagement of extra-curricular activities to hone the students’ soft or employability
skills not covered in classes, as well as the counselling and talent management services available for the students
at zero costs. Finally, arguably the most important component of the management system, i.e. maintaining
enthusiasm and motivation of the students, is illustrated with efforts to keep the students’ interest intact via
various innovations, catering for the myriad learning aptitude, styles and preferences. All in all the holistic
development of the students as “humans first and professional second” is embodied in the performance
monitoring and enhancement system, with real-time track-keeping of individual student’s academic and non-
academic accomplishment towards graduation.

Keywords: Learning outcomes, performance monitoring, workload, student learning time, extra-curricular
activities, employability skills

Introduction
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Figure 1: Holistic development to cultivate global technical professionals.
Modern day higher education demands that imparting hard, technical knowledge and skills alone is no longer
adequate to provide graduates with a smooth transition to the job market. On the other hand employers have
almost always raised concerns on the lack of work-readiness among fresh graduates (Pollard et al., 2015), often
relating to poor communication skills and unfavourable mannerisms or attitude. Also, employability concerns
and teaching of the related skills are sometimes considered additional chores in the academia on top of the
expansive syllabus (Powell, 2010), where the additional time and effort required is perceived to hamper actual
teaching in universities (Clegg & Bradley, 2006). Gaping distance between the academia and industry could
inadvertently lead to low level of understanding and awareness on the needs, issues and challenges for generic
skills development among students too (Chan et al., 2017). Nevertheless, from the students’ perspectives,
awareness of the importance of soft skills in the work or career context has not gone unheeded (Passow, 2012),
with conscious effort being expanded to equip themselves for working life. On the whole, universities are
expected to be a training ground to cater for the functional character-building of students, a typical form of
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which is shown in [Figure 1], i.e. a balanced development of academic competencies as well as non-academic
supporting skills.

Irrespective of the on-going debate and disparity in opinions, the University remains committed to provide the
best higher education of an all-encompassing nature to students enrolled in the various academic programmes.
This paper elaborates on the performance monitoring and enhancement system developed and implemented at
the University for an undergraduate Civil Engineering Technology programme. The specific functions and
features of the respective systems are summarised in [Figure 2], of which each component is examined in the
following discourse.

University: Vision & Mission

Faculty: Vision EMI
PEOs Student
@ Information Notification to
System students for self-
m (smaP)

monitoring

Cumulative attainment
throughout duration of

Student Assessment
study OBESys System (SAS)

Academic Tasks
@Multi-course Level

Figure 2: Integrated online systems for real-time data capturing and monitoring of students’ performance.

Students’ Performance: Measurement

Measurement of Students’ Performance per Programme Outcomes (POs)

Students’ performance in relation to Programme Outcomes (POs), or more commonly known as PLOs at the
Faculty, is analysed using an integrated online system which mainly consists of:

1) Students Assessment System (SAS)
ii) Outcome Based Education System (OBESys)

The specific functions and features of the respective systems are summarised in [Table 1].

Essentially, SAS is linked to the Total Campus Integrated System (TCIS). TCIS is an online system which
integrates necessary information of personal, teaching and learning activities of each individual staff, both
academic and supporting staff. The course coordinator is responsible for input of the mark weightage for
continuous or formative (quizzes, assignments, laboratories, workshops, projects and tests) and summative (final
examination) assessments. With that, respective lecturers of a particular course can key in the marks as per the
weightage preset by the course coordinator. Once the marks for each component have been keyed in, analysis
can then be carried out on the attainment of CLOs. With the attainment level of CLOs determined, the respective
related PLOs can next be ascertained.

In addition, with the linkage between SAS and SMAP (Sistem Maklumat Akademik Pelajar) on-line, overall
marks of both continuous assessment and the final examination can be analysed to measure the CLOs and PLOs
attainment. The integrated system allows the student to monitor their grades online too. Also, both lecturers and
the Faculty’s management personnel are able to monitor and evaluate the students’ academic performance on a
real-time basis. OBESys is linked to SAS as an instrument to capture the cumulative attainment of POs as a
student progresses through the semesters. As SAS keeps tab of the fulfilment of CLOs per course, the timebased
contribution of the respective CLOs to the POs can be monitored based on the predetermined CLO-PO mapping.
In addition, OBESys enables the attainment of POs to be analysed per individual student or cohort, making the
measurement of students’ performance at both the macro and micro level simple and possible.

In the current practice, learning outcomes for each course (CLOs) are mapped to the respective programme
learning outcomes. At the end of the semester, the attainment of CLOs for each course is measured through SAS.
Once the programme completes a full cycle of implementation, the final POs’ attainment can be readily
measured. Note too that the Faculty is committed to the Key Performance Indicator (KPI) of each PLO to be
60%, where students’ achieving less than 60% in the assessments will be subjected to corrective measures for
future improvement.
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Table 1: Summary of functions and features of the integrated online systems.

No. | System Basic Function Features
1. SAS Keeps record of - Online system linked to TCIS
Continuous - Systemized compilation of courses’
Assessment and assessment
Final Examination
2. OBESys | Student’s Qutcome - Online system linked to TCIS
Based Learning - Analysis of CLOs™ attainment
Assessment - Analysis of PLOs" attainment
- Continual Quality Improvement (CQl)

Students’ Workload

The Programme curriculum structure has been designed to ensure that student’s workload is appropriate and
effective as per the student learning time (SLT), where students are not overburdened with academic activities
but have adequate quality time to participate in extracurricular activities for cultivation of soft skills and
character-building in general. The students’ workload is calculated based on the allocated credit of each course.
Each credit weighs 40 notional hours SLT per semester, which includes face-to-face and non-face-to-face
learning such as lectures, tutorials, laboratory works, projects, field works, practicum or other academic-related
activities.

Students who graduate on within the stipulated period would have spent a total of 8 semesters with an
accumulated total credit hours of 140. This includes 12 credits for Industrial Training in the final or 8th semester
of the final year of study. The distribution of credits and SLT hours per semester for an academic year is shown
in [Table 2].

As indicated in [Table 2], a student is expected to spend approximately 480 - 760 hours (12 — 19 credits) SLT
per semester or equivalent to 20 to 54 hours SLT per week. On the credit load for one semester, students are
advised to register no more than 18 credit hours per semester. However registration of 19 to 21 credits is
permissible by the Regulations only with the Dean’s approval. The written approval must be attached during
course registration for the semester. The academic workload for each course must be clearly specified in the
Lecture Plan, including all activities and assessment for the respective course.

Table 2: SLT hour distribution for the Programme.

Semester | Semester Il
Year
o ST ST
Credit Hour Credit Hour

S per Sem per per Sem per
Week Week

1 18 720 52 18 720 52

2 19 760 54 19 760 54

3 18 720 52 19 760 54

4 17 680 49 12 480 20

As part of the good practices of CQI, recommendations made for future improvement of a particular course can
be retrieved from the OBESys and implemented for the current semester, hence closing the loop of translating
feedbacks into useful feedforwards for the course per se. The Lecture Plan would be submitted to the Faculty
before the commencement of the semester, a requirement as prescribed in the Teaching Appointment Letter for
each course lecturer.

Engagement In Extra-Curricular Activities

To nurture an ideal graduate with the ability to lead a balanced professional and personal life upon graduation,
academic prowess must be grounded with ethical and moral values, and complemented by good judgement and
common sense. It is compulsory for UTHM students to choose any two co-curriculum courses on offer
throughout their period of study, where each course carries a 2-credit hours. In addition, students are encouraged
to participate in various non-academic activities organized by the sport clubs, uniform bodies and cultural
societies. Students are also encouraged to take part in competitions and organized cultural visits, and to attend
seminars, talks or workshops to enhance their understanding of topics beyond the Programme, to hone their soft
skills as well as to enlarge their social circle and networking for beneficial ends.
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There is a variety of activities organized throughout the semester to meet the different interests and preferences
of the students. For instance, the UTHM Sports Unit organizes intervarsity sport events, Staff and Students
Sports Carnival, Residential College Sports Carnival and other jointly organized sporting events and
tournaments. The Cultural Unit, on the other hand, runs activities concerning music, singing, dancing and theatre
with rich Malaysian flavours for the benefit of both local and international students. The University also
continuously strives to provide a conducive environment (facilities and services) to maintain students’
enthusiasm and motivation throughout the academic years. Facilities available such as state-of-the-art library,
student dormitories, buses, sports facilities through the Curriculum, Sports and Culture (PKSK), University
Health Center (PKU), bank services, mosque, Centre of Counselling and Student Development (PKPP), Office
of Student Affairs (HEP), Centre for Graduate Studies, International Office and others.

To inculcate a sense of independence and leadership among students, the University encourages students to share
ideas and propositions for activities to narrow the gap between the students’ preferences and the University’s
often conservative ideas that mean well but may not necessarily suit the temperament of the generation. The
activities are generally organized under registered societies or associations as approved by HEP. At the Faculty
level, the students’ activities are in general managed by the student club, i.e. Engineering Technology Club
(ETeC). ETeC has organized a number activities of academic and non-academic nature. An example of a non-
academic programme organized by ETeC is the outbound mobility to Perth, Australia. At the Department level,
several Technical Visits have been organized to widen the students’ learning sphere as well exposure to the
industry. These include the visits to Kualiti Alam and the Public Works Department. In addition, Corporate
Social Responsibility (CSR) programmes are periodically arranged to develop the students’ social awareness,
civic-mindedness and sense of volunteerism via engagements in activities related to their fields of study. The
Solid Waste Management and Composting programme as well as the Residential House Fixing and Repairing
activity constitute 2 of the events. University-wide students’ activities are primarily under the care of the Student
Development Centre (P3P), carried out as part of the Students' Development Programme (PROPEMP) for all.
The activities include ETEC4U, Hike Tech and Program JatiDiri.

Counselling And Advisory Services

The Student Development Centre (P3P) is led by two main units at the University, namely the Careers
Department and the Counselling Department, and assisted by the general administrative unit. The main goal of
P3P is to assist in personality development and soft skills cultivation among students by honing and sharpening
their potential. P3P essentially provides opportunities for students to identify and nurture their respective talents
for academic performance and future career interests. Counselors of recognized expertise and experience play
the role of facilitating and guiding students while serving as a source of inspiration for students to excel through
the programmes on offer. Details of the activities can be referred to at http://p3p.uthm.edu.my/v2/.

The Centre is also responsible for providing face-to-face counselling and e-counselling services. The counselling
sessions are professionally conducted and free of charge, with ensured confidentiality and privacy of the students
(Appendix C4-6a: PSP- 9 Counselling Session Procedure). Apart from assistance to be mentally prepared to
fare well in the current academic work, students can also request for career advices and guidance as early
preparations for their future engagement, such as preparation for job interviews and aptitude tests via specially
organised recruitment or career fairs and employer presentation sessions. In addition, the Centre regularly
conducts counselling clinics, career galleries and exhibitions as well as counselling research studies and
publications. All in all the services by P3P can be summarized as follows:

i) Provide guidance and professional counselling to individuals or groups so that the students can handle
the problems/obstacles to balanced and brilliant.

i1) Assist students to solve the problem of academic, personal, social and career.

iii) Equip students with information, knowledge and experience related to the physical, emotional, spiritual,
intellectual and social development so that they acquire academic excellence and character.

iv) Implement development programmes to all the students.

v) Implement programmes of academic guidance to students.

vi) Implement programmes to improve self to all the students.

vii) Administer psychological tests to the students

Some of the main events organized by the Centre as listed in [Table 3] clearly illustrate the diversity of
engagement available to meet the needs of students in terms of self-development and mental wellbeing.
Alternatively, students can always refer to their respective Academic Advisors in person or via the PA online
system at e2.uthm.edu.my/ppa/pa/online, the Head of Department or the Deputy Dean of Students’ Affairs and
Alumni at the Faculty for advice and assistance pertaining to academic or non-academic matters. In a nutshell,
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students are given every access to assistance and guidance for their wellbeing at the University, whether on
matters of academic or personal nature. This is all part of the University’s aspiration to provide a vibrant,
conducive and exciting learning environment to spur the students towards excellence.

Table 3: Programmes conducted by the Student Development Centre (P3P).

No | Programmes

Starting School (Appendix C4-6b)
Attitude Grooming

Community Engagement
Intermediate School

Students Mobility

My 35

Career Fair

Graduate Employability
Finishing School

=

] Rl e

Maintaining Students’ Enthusiasm And Motivation

The learning experience at the University is enhanced through the implementation of a variety of channels, such
as e-learning, Problem-based Learning (PBL), Full Online Classroom (FOC), Massive Open Online Courses
(MOOC:s), fieldwork and others. These innovations are adopted to facilitate meaningful learning for the students
covering a wide spectrum of aptitude and learning styles. Indeed, the different approaches open up a diversified
learning experience for the students, allowing them to identify and enhance their personal learning pace and
preference for the most effective results. The diversity in delivery of lessons also train students to be adaptive
and flexible in their receipt, processing and integration of newfound knowledge. Such versatility would certainly
serve them well as graduates in the marketplace upon graduation.

A recent installation, the Centre for Global Online Learning UTHM (CGOL) was established with the specific
aim to plan, coordinate and monitor the development and implementation of various initiatives for e-Learning at
the Faculty and University level (http:/global.uthm.edu.my/uthmmooc.html). The Centre also facilitates the
implementation of Massive Open Online Courses (MOOCs) where students can access the course materials
anywhere and anytime through https://www.openlearning.com/malaysiamoocs website. This is evident of the
University’s effort to keep abreast of the latest trending in tertiary education at the global arena, where physical
boundaries are dissolved and co-sharing of resources are made possible with advanced internet access. Students
of the digital generation surely appreciate the ‘speed of things’ to facilitate their learning.

Understandably the current open access to various learning resources require students to become more actively
involved and per