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1. Problem
Since mid nineties, universities have shown an increasing interest about the using of   WEB in classroom activities. Most people at Universities apocalyptically think that technologies related to WEB will be the magic solutions to all daily teaching learning process         problems. 
These statements have to do much with education of Mathematics possibly due to natural association done between “hard sciences” and technology. Nevertheless, though   the   large number of experiences carried out in this sense, only a few of them have really achieved the transformation of knowledge in Mathematics at universities. Moreover, it could be stated that the impact   the use of WEB technologies in the classroom has been not enough or marginal.
From our point of view, this marginal effect   would be mainly related to the subordination of the content in Mathematics to be taught to “technology”, without taking into account that though it is an important part of change and innovation, the using of certain media is only part of them.
Instead, we assert that  it would  be better to inquire the question about which are the cognitive processes involved  with the learning of  Mathematics, which methodological instances  would be convenient to be used in computing environments  in order to  favor  the acquisition of flexible and significant knowledge in students according to their “learning styles”.
2. Theoretical frameworks
2.1 Learning Styles
The  learning processes  are very complex, students are not all the same and the way each of them learn depends on their own circumstances, experiences and particular and collective construction processes of knowledge.  

Thus, an effective design of learning objects should take into account both the profile and characteristics of subjects to which they have been thought: age, sex, scholar type and degree, to name some. But, at the same time, an effective design of learning objects cannot essentially ignore the answer of each individual gives to each type of selection and representation of the information –visual vs. verbal, pragmatic vs. theoretical, active and interactive or thoughtful and individual-. 
In this scene, theories concerning “learning styles” offer a conceptual framework to understand how behaviors are related to the way people learn.  Though there is not a unique description, there exists agreement about defining   learning styles as the subject’s tendency  to act in a determined way faced to a new  learning [6, 7, 8, 11]
Particularly, Silverman and Felder’s model [6], sustain that learning styles are the “the ways students receive and process information”. These assertion outcomes in five style taxonomy – Figure 1-
	
	STYLES
	Description

	What sort of information do students preferably perceive?  
	SENSORY

	Specific, practical, oriented to facts and procedures

	
	INTUITIVE
	Conceptual, innovating, oriented to theories

	Which mode allows students to perceive cognitive information more effectively?  
	VISUAL
	Leaning to visual presentation of maerial  as films, pictures or flor charts

	
	AUDITORY
	Leaning to written or oral explanations

	What kind of organization of information makes students feel more comfortable when learning?
	INDUCTIVE
	Like better specific information than general one

	
	DEDUCTIVE
	Like better general  information than specific  one

	How do students prefer to process information?


	ACTIVE
	Learn manipulating things and working with mates

	
	REFLECTIVE
	Do not learn much in situations that provide no opportunity to think about the information being presented.

	How do students go on in their learning?
	SEQUENCIAL
	Learn step by step in a tidy way 

	
	GLOBAL
	Learn in a holistic way

	Figura 1. Felder´s learnig styles. Source: Guzner & others.


The featuring of a learner according to each dimension related to the above classification is partial because every student has his or her own learning style whenever faced to a specific theme.
2.2 The   WEB

Nowadays   a great number of   WEB-supported, public and/or commercial and technological resources are available, such as applets and other kinds of interactive soft wares that “facilitate” the teaching and learning of Mathematics.
Within interactive schemas and exploration environments, WEB offers the dynamical dealing with mathematical objects, in multiple representations systems. However, we observe that   in most cases, there is a lack of interaction among three main aspects: Mathematics- related to knowledge to be taught-, Psychology and Cognitive Science – connected to the learner’s representation and understanding of knowledge to be taught- and Computation – as a means and not a goal in itself for mediating knowledge to be taught- that should be conciliated by technology in mathematical education. 
2.3 The derivative
Despite the advances that math education has developed in recent years, math teaching is located within axiomatic and deductive tradition that privileges formal presentation of concepts instead of   intuition
The teaching of derivative has to do with   the above conception. We observe that , in Calculus classes,  students can do, in a somewhat mechanical way,  some computations and solve some standard  exercises -most of them based on limit algebra-, that have to do with a foundation, unification and generalization need intrinsic to Calculus and not to students. It can be said that emphasis is on algebraic procedures more than on a conceptual point of view.  The manipulation of formulas and algorithms related to differential processes also gets students far from the real meaning of derivative which is instantaneous change rate.
The above procedures also makes conflicts since [13] to determine the derivative of piecewise functions, students do derivative calculus point to point, though in some points the derivative might not exist.  
In fact, knowing derivate techniques is much different to know what derivative means [8] troubling students to get the real concept.  Derivative introduction should be more intuitive and experimental, formalizing only what is necessary, with accessible knowledge to students. This would allow students to eradicate [2] errors that stay in their previous conceptions, such as infinite notion and   real number conceptualization by the use of quantifications. 
Graphic interpretation of derivative also causes trouble. When the teaching process of derivative begins [13] as tangent line to a curve, it is done by secant lines to the graphic so as to get  the slope to the tangent line by means of limits of secant lines. But afterwards the derivative function will demand to be treated as an object in order to apply the same procedure to it and then get the second order derivative.   
At this point, it is essential to claim that translation from one type of representation to another causes a non trivial conflict and a limitation to understand the concept. .From a piagetian point of view, the transit of one level of comprehension to a superior one is featured by the way a person synthesizes the different ways of notion representation.
3. The environment
3.1   Dominant learning styles in the user population of the environment 
The population under study is that of students attending 2nd year of Ingeniería en Sistemas de Información, at Regional Mendoza, Universidad Tecnológica Nacional, Argentina – a hundred and ten students in total-.  They are distributed in four courses – in daily and evening schedules, without dissociation per sex-.
The dominant learning styles are determined from the application of  an exhaustive questionnaire – forty-four items to be answered on a WEB page- known as  Felder’s  test [5]. It is necessary to select a representative sample of the censual population because there is only one laboratory with twenty two PC’s in it where the test is going to be taken. If not, the information will be spread among the other seventy-eight students causing a vias in the answers. 
The sampling type is probabilistic, selecting an stratified at random sample in four strata –from now on 1, 2 3 and 4- by means of the separation in groups (each per course)  of the elements of the population that do not have intersection (students belong to one and only one course, essential condition for the sample type chosen). The choice of the sample type is based on the fact that the conditions in the taking of the test depending on the number of machines produce a smaller limit in the estimating error.
For each stratified at random sample the number of  students enrolling at university is taken into account  and  the  relation between the sample size and the population size is  the same throughout all strata – Figure 4-.
	Stratum
	Number of sampling units in the stratum
	Rate of sample
	Size of the subsample 

	1
	28
	f  =     22   = 0,2
110

	0,2. 28= 5,6 ( 6

	2
	32
	
	0,2. 32  = 6.4 ( 6 

	3
	24
	
	0,2. 24  = 4.8 ( 5

	4
	26
	
	0,2. 26 = 5.2 ( 5

	Figura 4. Determination of sampling sizes. Source: Guzner & others


In Figure 5 it is observed that the visual style has a more homogenous group of students with marks near to eleven. 
	[image: image1.emf]0

2

4

6

8

Activo ReflexivoSensitivo Intuitivo Visual Verbal Secuencial Global

Puntaje 0 Puntaje 1 Puntaje 2 Puntaje 3 Puntaje 4 Puntaje 5

Puntaje 6 Puntaje 7 Puntaje 8 Puntaje 9 Puntaje 10 Puntaje 11



	Figura 5. UTN learning styles. Source: Guzner & others


3.2 Technologial characteristics of the environment 

According to the previous ideas, it is designed a WEB environment that adopts a Learning Exploratory System – in Spanish, Sistema Exploratorio de Aprendizaje (SEA)- which consists of an agreement interface, the tutorial component an the user. The goal of the design is that the students may get a certain concept –in this case, the derivative-, with the help of tools given by the system. Besides, SEA offers a tutorial environment where activities are presented in a way that privilege the gradual construction and in a similar way as it would be done from a transparent didactic presentation.
3.3 Derivative teaching sequence proposed in the environment
It can be said that SEA is a non-didactic situation [5] mounted on WEB because “the knowledge construction occurs as a consequence of the demands of the situation itself and not as an answer to the teacher’s desires”.
3.3.1 Global intention of the teaching sequence 
The above proposal privileges the construction of the learning process in a meaningful way of the concept of derivative. From a problem situation, the student is expected to achieve, by means of the using of a non formal limit concept, the idea of derivative as instantaneous change rate: the situation chosen goals to banish the erroneous idea of derivative as a number and not as a function.
The organization of information is conceived inductively, without mentioning the word derivative towards the interior of the sequence. The user works with an idea of everyday life, as it is the speed of a car. Visual formats are used –simulations, charts, drawings, to mention some-, as well as auditory ones, so as to meet the active, visual, sensory, inductive and sequential styles more frequently observed. 
At the same time, it is pretended that at the end of the activity sequence development -ten in total- the student will be in conditions of stating hypotheses and intuitive approaches to the definition of the concept under study. Though the student cannot thoroughly understand the final goal of the sequence, he or she is expected to solve the tasks meanwhile the pieces are assimilated and logically connected.          
3.3.2 Global description of the teaching sequence

The sequence begins with the formulation of a problem and a simulation - Figure 6- which enables the student to experiment with numerical relations and intuitive approaches of the derivative like speediness in a process variation. In case his or her answers were wrong,   simpler tasks are proposed to him or her –Mathematica supported- that make him or her to deduce the relations among variables and extrapolate their validity in a more complex problem. Student can only go on if he or she answers in a properly and justifies his or her choice.
Once the experimentation is finished, it is proposed to go trough a theoretical space – the institutionalization- that also includes integrating problems. Besides, we do not agree with conventional order limits-continuity- derivative presentation due to this causes learning sequence to be squared in a representative problem of the epistemology of Analysis.
	Ecami Mendoza team is going to attend a meeting in Córdoba. For this purpose they leave Mendoza city (along ruta 7 by car) at ten a.m. After going past several cities, they go into San Luis province through Arco Desaguadero. Once they go past San Luis police station they come to know that they have forgotten part of their lecture to be presented in the meeting mentioned above. That is why they decide to go back to Mendoza city. As they go past Arco Desaguadero they notice a signal indicating forty km speed at most. They also notice a police patrol controlling the speed by radar. Once they arrive at Mendoza city and taking into account the time spent from departure, they realize that they have not traveled to a constant speed.
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SANTAROSA
(100 km)

Mendoza - Santa Rasa *
Santa Rosa - La Paz

La Paz- Desaguadero
Desaguadero - San Lu
San Luis - Desaguade ™

El grupo Ecami Mza va a participar en un encuentro en Cérdoba. Para ello emprende el viaje en auto
desde la ciudad de Mendoza Capital (por ruta 7) a las 10 de la mafiana. Después de atravesar varias
localidades, ingresan a la Provincia de San Luis por Arco Desaguadero y, al pasar por el puesto policial de
ingreso a la provincia de San Luis, notan que han olvidado una parte del trabajo que van a presentar en el
encuentro, por lo cual deciden regresar a Mendoza Capital en su biisqueda.

Al pasar por Arco Desaguadero, observan un cartel que indica la velocidad méxima permitida de 40 fm
por horay una patrulla policial que controla la velocidad con un radar.

A llegar a Mendoza Capital, dado el tiempo transcurrido desde la partida, se dan cuenta que no han
vigjado a velocidad constante.

Pregunta: 1

Complete Ia siguiente tabla, indicando en cada casillero la distancia en km. entre:

Mza capital
Desaguadero
Puesto San Luis

Justifique en forma breve su respuesta:

Mza capital Desaguadero Puesto San Luis

km

km
km

km
km
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180 Km

Mendoza - Santa Rasa *
Santa Rosa - La Paz

La Paz- Desaguadero
Desaguadero - San Lu
San Luis - Desaguade ™

El grupo Ecami Mza va a participar en un encuentro en Cérdoba. Para ello emprende el viaje en auto
desde la ciudad de Mendoza Capital (por ruta 7) a las 10 de la mafiana. Después de atravesar varias
localidades, ingresan a la Provincia de San Luis por Arco Desaguadero y, al pasar por el puesto policial de
ingreso a la provincia de San Luis, notan que han olvidado una parte del trabajo que van a presentar en el
encuentro, por lo cual deciden regresar a Mendoza Capital en su biisqueda.

Al pasar por Arco Desaguadero, observan un cartel que indica la velocidad méxima permitida de 40 fm
por horay una patrulla policial que controla la velocidad con un radar.

A llegar a Mendoza Capital, dado el tiempo transcurrido desde la partida, se dan cuenta que no han
vigjado a velocidad constante.

Pregunta: 1

Complete Ia siguiente tabla, indicando en cada casillero la distancia en km. entre:

Mza capital
Desaguadero
Puesto San Luis

Justifique en forma breve su respuesta:

Mza capital Desaguadero Puesto San Luis

km

km
km

km
km






	
	[image: image4.png]El viaje

LaPAZ
(160 km)

Mendoza - Santa Rasa *
Santa Rosa - La Paz

La Paz- Desaguadero
Desaguadero - San Lu
San Luis - Desaguade ™

El grupo Ecami Mza va a participar en un encuentro en Cérdoba. Para ello emprende el viaje en auto
desde la ciudad de Mendoza Capital (por ruta 7) a las 10 de la mafiana. Después de atravesar varias
localidades, ingresan a la Provincia de San Luis por Arco Desaguadero y, al pasar por el puesto policial de
ingreso a la provincia de San Luis, notan que han olvidado una parte del trabajo que van a presentar en el
encuentro, por lo cual deciden regresar a Mendoza Capital en su biisqueda.

Al pasar por Arco Desaguadero, observan un cartel que indica la velocidad méxima permitida de 40 fm
por horay una patrulla policial que controla la velocidad con un radar.

A llegar a Mendoza Capital, dado el tiempo transcurrido desde la partida, se dan cuenta que no han
vigjado a velocidad constante.

Pregunta: 1

Complete Ia siguiente tabla, indicando en cada casillero la distancia en km. entre:

Mza capital
Desaguadero
Puesto San Luis

Justifique en forma breve su respuesta:

Mza capital Desaguadero Puesto San Luis

km

km
km

km
km
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MENDOZA
(0km)

San Luis - Desaguade
Desaguadero- La Paz
La Paz- Santa Rosa
Santa Rosa - Mendoza

El grupo Ecami Mza va a participar en un encuentro en Cérdoba. Para ello emprende el viaje en auto
desde la ciudad de Mendoza Capital (por ruta 7) a las 10 de la mafiana. Después de atravesar varias
localidades, ingresan a la Provincia de San Luis por Arco Desaguadero y, al pasar por el puesto policial de
ingreso a la provincia de San Luis, notan que han olvidado una parte del trabajo que van a presentar en el
encuentro, por lo cual deciden regresar a Mendoza Capital en su biisqueda.

Al pasar por Arco Desaguadero, observan un cartel que indica la velocidad méxima permitida de 40 fm
por horay una patrulla policial que controla la velocidad con un radar.

A llegar a Mendoza Capital, dado el tiempo transcurrido desde la partida, se dan cuenta que no han
vigjado a velocidad constante.

Pregunta: 1

Complete Ia siguiente tabla, indicando en cada casillero la distancia en km. entre:

Mza capital
Desaguadero
Puesto San Luis

Justifique en forma breve su respuesta:

Mza capital Desaguadero Puesto San Luis

km

km
km

km
km






	Figure 6. Problem proposed in the environment. Source: Guzner & others


3.3.3 Description and intention of the teaching sequence tasks
As it is stated above, together with the statement of the problem situation – the trip in car - there appears a simulation. The simulator allows choosing the start of the trip, or any part of the trip in particular. The user can run the simulation totally or can stop the car at any point of the running or can make the car to go on manually. Every time the car goes past a signal indicating distance, a bell rings – visual and auditory perception- 
The goal of the first four tasks of the sequence - Figure 7- is to see whether the student understands the statement and the information given by the simulation, distinguishing between the given information and the one inferred from visualization. If not, he or she is suggested to review the simulation since what is required appears direct or non- directly in the simulation. The distracters are elaborated taking into account frequent error made by students –time elapsed vs. schedule, calculus taken from data, unit conversion-. Data organization in a double entry chart is intended to favour students´ learning typified as inductive.  
	Task 1
[image: image6.emf]Tarea 1:   Complete la siguiente tabla, indicando en cada casillero la distancia en km. entre:  

    Mza capital    Desaguadero   Puesto San Luis    

Mza capital       



km   



km  

Desaguadero  



km      



km  

Puesto San Luis  



km  



km      

 


	Task 2
[image: image7.emf]Marque el casillero correcto según el tiempo (en horas) que tardan en viajar de ida  entre:  

    Mza capital    Desaguadero   Puesto   San Luis   

Mza capital y...    0 hs    2.3 hs    6 hs   

6 hs   3.5  hs    2.5 hs  

2.5 hs    2.5 hs    3 hs   

ninguna   ninguna   ninguna  

 



	Task 3 
[image: image8.emf]Ma rque el casillero correcto según el tiempo (en horas) que tardan en viajar de  vuelta entre:  

    Mza capital    Desaguadero   Puesto San Luis   

Desaguadero y...    6 hs    6 hs    3 hs   

2.3 hs   0 hs    0.5 hs  

2.5 hs    2.5 hs    0 hs   

ninguna   ninguna   ninguna  

Puesto San Luis y...    3 hs    3 hs    6 hs   

6 hs   0.5 hs    0 hs  

2.5 hs    3.5 hs    3 hs   

ninguna   ninguna   ninguna  

 


	Task 4
[image: image9.emf]Complete la siguiente tabla:  

Después de:    La distancia en km    a la que se encuentran de Mza capital es:   

1 hora   



 

2.5 horas   



 

3 horas   



 

3.5 horas   



 

5 horas   



 

6 horas   



 

 



	Figure 7. First four activities. Source: Guzner & others


In task 5  -Figure 8- the student is intended to recognize  the functional schema that relates time and distance because to work in this register,  then,  allows distance calculus corresponding to little time variations. This can be done by simple inspection of the simulation.  The aim is that student works in different semiotic representation registers –verbal, chart and algebraic-, so as to overcome the obstacle caused by conversion between them. 

	Task 5 
[image: image10.emf]Cuál es el esquema funcional que re presenta la distancia a Mendoza Capital según  el tiempo de viaje transcurrido desde la partida.  

 d : [0, 6]  -- >  R   / d (t) = 20 t (t  –   6)  

 d: [0, 6]  -- > [0,  6]  /   d (t) = 20 t ( -   t + 6)  

 d: [0, 6]  -- >  R   / d (t) = 20 t ( -   t + 6)  

 ninguna  

 



	Figure 8. Activity 5. Source: Guzner & others


Remaining tasks – Figure 9- have the proposal of making real incremental quotient concept or average change rate using the notion of limit (concept not developed explicitly) and instantaneous velocity.  The aim is to install the idea of derivative as a function that denotes or represents instantaneous change rate.  This way makes students to go from average change rate to instantaneous change rate sequentially.  The emphasis is on approaches through experimentations with numerical relations.
	Task 6
[image: image11.emf]Qué  velocidad promedio   desarrolla el automóvil entre:  

    km/h      

las 10 hs y las 12.5 hs    75    66   70   ninguna  

las 11 hs y las 12.5 hs    70   50   42   ninguna  

las 12 hs y las 12.5 hs    14.8   70   30   ninguna  

las 12.2 hs y las 12.5 hs    26   8.976   70   ninguna  

las 12.4 hs y las 12.5 hs    70   22   3.024   ninguna  

las 12.45 hs y las 12.5 hs    21   70   1.516   ninguna  

las 12.49 hs y las 12.5 hs    70   0.32   20.2   ninguna  

las 12.499 hs y las 12.5 hs     70   0.08   20.02   ninguna  

 


	Task 7
[image: image12.emf]En el  instante   en que pasa por el radar, el auto se despl aza a una  velocidad   de:  

 70 km/h   

 20 km/h  

 0 km/h  

 ninguna  

 



	Task 8
[image: image13.emf]Si a las 13 hs emprenden el regreso, qué  velocidad promedio   desarrolla el automóvil   entre:  

    km/h      

las 12.5 hs y las 13 hs    20.52    10   20   ninguna  

las 12.6 h s y las 13 hs   20   8   16.33   ninguna  

las 12.7 hs y las 13 hs   6   12.1856   20   ninguna  

las 12.8 hs y las 13 hs   20   4   8.081   ninguna  

las 12.9 hs y las 13 hs   4.02   2   20   ninguna  

las 12.95 hs y las 13 hs   1   20   2.005   ninguna  

las 12.99 hs y las 13 hs   0.4002   0.2   20   ninguna  

las 12.999 hs y las 13 hs   0.04   0.02   20   ninguna  

 



	Task 9
[image: image14.emf]En el  instante   en que emprenden el regreso, el auto se desplaza a una  velocidad   de:  

 70 km   

 20 km  

 0 km  

 ninguna  

 



	Figure 9. Remaining tasks. Guzner & others


Distracters are the result of some direct calculus between distance and time without taking into account their variations, or the error produced if the student considers the distant functions as lineal or constant. 
Remedial tasks include completion of charts activities, making explicit distance and time variations, consequent to the erroneous option chosen.
4. Conclusions
The objective of this work is to show a WEB environment design based on an adidactic situation that would favour an efficient learning of derivative concept. The praxis of the resource aims to create richer scenarios from a semiologic perspective from different symbolic systems used. In addition, it aims to promote learnings not by heart, otherwise in an associative process from the overcoming of obstacles by interacting with the problem and the tool used. 
The resource tries to observe the different dimensions that make up learning stages: action, formulation, validations and institutionalization. It is a descriptive and predictive analysis: teachers act only to a descriptive level.  Within this context the student is expected to be the main actor of the system, except during feedback and institutionalization situations. 
Besides, the resource attends students´ differences -in a given population- in order to process data, taking into account its dominant learning styles. 
Conditions related to the proposed design success are none directly tied to posteriors confrontations. The sole implementation of the resource does not guarantee its efficiency. People implementing the resource should be careful so as to prevent semiotic conflicts arise.         
Decisions have been taken based on theoretical references and antecedents that is why we believe the proposal is wealth, despite of some noise not belonging to the modeling, to be improved in future experimentations.
Similar analyses may be useful to design other practices that use the same tools Moreover, they may result valuable in grasping other new concepts.
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