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Abstract

Experimental activity in the physics teaching can be considered as a space in which teach-
ers create contexts for students to approach the way scientific knowledge is constructed. In
this sense, the strategies for the integration of Information and Communication Technolo-
gies (ICT) in the context of science education, has a wide potential to guide experimental
activity to teachers in training. Among the tools offered by ICT, Data Acquisition Systems
(DAS) favor to transform the image that students have, in terms of the technical-instrumen-
tal character of this science. This paper describes the potentialities of a heuristic V diagram
designed as a theoretical-methodological tool that allows to increase the potential of DAS
in the physics teaching; as well as the adaptation of the Learning Model in the Physics
Laboratory Works (MATLaF), is proposed with the intention of recognizing the cognitive
activities that students put into play to solve experimental situations in physics.

Keywords Conceptualization - V diagram - Data acquisition system - Experimental
activity - Physics teaching - Teachers training

1 Introduction

The implementation of Data Acquisition Systems (DAS) in the physics teaching is pro-
posed as a strategy that seeks to favor the process of conceptualization in experimental
activity, understanding it as a space to design strategies that allow students to approach to
the construction of scientific knowledge, taking into account that the theory—practice dia-
logue is encouraged and, mainly, that the construction of knowledge is collective; that is, as
an alternative to traditional laboratory practices. In this process, the representation is con-
stituted as a medium that allows, largely, capture the perceptions of people and, from the
Vergnaud’s Theory of Conceptual Fields, face increasingly complex situations developing
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their schemes. In other words, the representation allows to reflect the necessary cogni-
tive elements to be able to determine the procedures and the necessary information that
allows to solve a situation, which according to Vergnaud are called operational invariants
(Moreira, 2002). In this sense, the use of DAS is initially described as support for experi-
mental activity in physics; later is presented the diagram adaptation AVM (Adaptation of
the V Gowin Diagram for Computational Modeling) as a heuristic instrument proposed by
Araujo et al. (2007) to perform activities of simulation and computational modeling in the
physics teaching, in a critical and reflective way; and it is complemented with some con-
tributions of the Vergnaud’s Theory of Conceptual Fields (1990), to assess the process of
conceptualization during experimental activity in the physics teaching with the support of
DAS, calling it AVDAS diagram (Adaptation of the V Gowin Diagram for Implementation
of Data Acquisition Systems). Finally, an archetype of the cognitive process is described
in the laboratory based on the Learning Model in Physics Laboratory Works (MATLaF),
designed by Andrés and Pesa (2004).

2 Use of Data Acquisition Systems in the Experimental Activity
in Physics

The integration of Information and Communication Technologies (ICT) and specifically
of the DAS in the teaching—learning process of physics in teacher training programs, has
as main purpose to address a problem related to experimental activity in these programs;
which has its fundaments on the vision of different authors (Ayala, 2006; Cortés & de la
Gandara, 2007; Antdnez et al., 2008; Pérez & Segura, 2010; Ribeiro & da Silva, 2013;
Andrés et al., 2008; Romero et al., 2011; Medina & Tarazona, 2011), who agree that
the experimental activity is a space in which teachers can create contexts for students to
approach the way scientific knowledge is constructed. However, according to Cortés and de
la Gandara (2007), citing Hodson (1985), the image that many teachers and students have
of experimental activity is that they are spaces for the manipulation of instruments or the
application of exercises outside of some conceptual content, with a previously defined pro-
cedure. Therefore, they support the idea that it is convenient that said activity contributes
to the construction of knowledge, from the interaction between teachers and students, with
the conceptual content, the procedural aptitudes, resolution of problems and the discus-
sion generated between the same students. In this sense, "experimentation and observation
will serve to learn, only if they cause the students to ask questions, that is, if it leads to
represent possible interpretations of what is observed, to be able to discuss them" Sanmarti
(2002) cited in (MEN, 2006, p. 436).

For future physics teachers, it can be take into account the contributions of Hodson
(1994), in terms of promoting the re-contextualization of experimental practice, focused
on the realization of experiences that help students to approach the construction of scien-
tific knowledge, and to conceive this space as "optimal for the interrelated learning of the
methodological domains and of meanings, as well as for the development of a vision about
experimental activity according to actual epistemological positions" (Andrés et al. 2006;
p- 343). Likewise, involving teachers in training in the design of experimental activities,
favors their participation in the construction of scientific knowledge, allowing them to gen-
erate alternatives for their work (Medina & Tarazona, 2011).

In the context of physics teaching, some authors (Pontes, 2005; Grisolia, 2009; Cap-
uano, 2011; Macédo et al., 2014; da Silva & Khalil, 2015) consider that ICT have been
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incorporated increasingly in the educational sector, helping to improve teaching and learn-
ing processes; however, there is little reflection on learning theories or didactic strategies
that accompany their implementation and provide tools to articulate different student think-
ing processes in the approach to the construction of scientific knowledge. In addition, these
tools play an important role in the development of experimental activities, since they help
to overcome teaching based on theoretical classes; since the use of real or virtual experi-
ments is a way of "awakening curiosity, stimulating scientific debate and improving stu-
dents critical thinking" (de Macédo et al., 2014, p.188).

For the use of the computer in this specific area is found, in the majority of works of
computational tools implementation, diverse possibilities such as data processing, develop-
ment of graphs, the use of instruments of acquisition and processing data, the realization
of simulations and computational modeling of physical phenomena. Among these modali-
ties, the collection and analysis of data in real time through DAS is highlighted; which
have been little explored for the physics teacher training in particular, and constitute tools
that support the experimental activity in the process of information collection and of per-
forming calculation, allowing more time to be dedicated to conceptualization process. In
sciences in general and in physics in particular, computational tools have served to create
complex scientific models, which could not be achieved manually. The importance of this
tool in the scientific field can be extrapolated to the teaching of science field, where it is
necessary to prepare students to meet the technological demands of today.

According to Haag et al. (2005, p. 69), "among the diverse applications of information
and communication technologies in the education of citizens, we especially emphasize two
in the teaching of science: the computer as a tool for scientific modeling and to support the
laboratory”. In this second aspect, DAS are considered as an alternative so that through
experimentation supported by this tool a wider image of the phenomenon to be studied
can be provided, by having graphics almost immediately, showing the relationship between
variables involved in the situation. In addition, as mentioned by Pontes et al. (2006), the
use of DAS "contributes to the development of manual skills (assembly, measurement) and
intellectual abilities or scientific skills (ability to observe and express, order, perseverance,
recognition of errors, representation and data analysis...) that offer an opportunity of mani-
fest much greater than other activities, such as problem solving" (p. 264).

As shown in Fig. 1, a DAS is formed by a measuring device that allows experimental
data obtained with sensors of diverse physical magnitudes to be read automatically, stored
and analyzed by a computational software (Gil & Rodriguez, 2001, cited in Pontes et al.,
2006). The software as such, allows to process and monitor the variables of a physical
system in real time, while the sensors are "devices with internal characteristics directly
affected by an external phenomenon (parameter), and, therefore, there is a direct relation-
ship between them. The external phenomenon can be temperature, humidity, pressure, etc.,
and the internal characteristic can be, for example, resistance or capacitance "(Martins &
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Fig. 1 Stages of a Data Acquisition System (Cardona & Lépez, 2017, p. 3)
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Viana, 2011, p. 657). That is to say, through sensors the quantity to be measured is trans-
formed into an electrical signal, this signal is sent to a circuit called interface, which trans-
forms it into a sequence of digital values of voltage or current that are read, processed
and stored by the computer. All data acquisition system requires a sensor to convert some
physical quantity—such as temperature, force, pressure—into an electrical signal that is
then supplied to the computer for data collection and analysis (Haag et al., 2005).

From the perspective of the previous authors, DAS can help to set aside laboratory prac-
tices type recipe to introduce open activities, which are potentially more auspicious for
learning concepts of a physical phenomenon to be studied. In this sense, according to Pon-
tes et al. (2006), "the use of computers in laboratories also simplifies the tedious task of
carrying out many measurements, because the data acquisition system can perform meas-
urements in an extremely fast way, which facilitates the access to unimaginable experi-
ences some years ago, or that were carried out so slowly that it would be tedious for the
students" (p. 264).

On the other hand, it is necessary that students appropriate of these sensors and differ-
ent software that allows the collection of data, so that they do not become a black box and
can be used in the best way. In addition, with the support of this tool the assemblies used in
conventional experimentation are not left aside, since they are required to make the meas-
urements through the sensors, and it is the acquisition system that allows to represent the
data obtained at a much greater velocity, leaving the student analysis and interpretation of
results; as well as the possibility of repeating the measurements as many times as it consid-
ers necessary to immediately see their effects.

3 AVDAS Diagram for the Implementation of DAS as Support
for Experimental Activity in the Physics Teaching

With the intention of knowing the conceptualization process of the students, when they
face a situation proposed in an experimental activity in physics, oriented with the use
of DAS, an adaptation of the AVM diagram with the components presented in Fig. 2 is
proposed.

As is shown in Fig. 2, AVDAS diagram is an instrument that consist of three related
parts:

1. Inthe central part is the purpose of the experimental activity, which refers to the objec-
tives, the questions, and the situation under study. The objectives are related to what is
intended to be achieved in the experimental activity oriented from the DAS, which is
related to a particular situation associated with a conceptual field that is to be studied;
this situation is described in the vertex of the V, and its definition is taken from the
Theory of Conceptual Fields, as a set of complex tasks that give meaning to the con-
cepts. The questions refer to those issues that will be answered from the implementation
of the DAS and that seek, in agreement with Araujo et al. (2012), to be key points to
favor meaningful learning; always that is avoided procedural questions that only require
algebraic manipulation or the calculation of numerical values.

2. On the left is the conceptual domain, conformed by the conceptual field, theories/
principles/theorems/laws/concepts, the physical system components, the variables, pro-
cedures, constants and their representations, mathematical relations, known results and
student predictions. The first two elements are taken as a contribution of the theoretical
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CONCEPTUAL METHODOLOGICAL
CONCEPTUAL FIELD GOALS

VALUE CLAIMS

Set of problems and situations whose treatment
requires concepts, procedures and representations
of a discipline.

Purpose of the experimental
activity oriented from Data
Acquisition Systems (SAD).

Answer the question by what is the importance of the
knowledge produced?

THEORIES/PRINCIPLES/THEOREMS/ ANSWERS
LAWS/CONCEPTS
Theoretical elements that make up a conceptual field.

FOCUS QUESTIONS

Statements that answer the questions and that arise from
the interpretation of records and transformations.

They guide the 1 of predicti
COMPONENTS OF THE PHYSICAL SYSTEM activity and they will be
answered from the interaction
Objects or real events that make up the physical system with the SAD. SAD VALIDATION

in the experimental activity.
Comparison between the graph(s) and the known results. It
confirms that the SAD works, represents what is required and

VARIABLES, PROCEDURES, N " N X
is consistent with the conceptual domain.

CONSTANTS AND THEIR REPRESENTATIONS

Description of the mathematical variables that represent the
physical concepts addressed in the experimental activity, with
their respective symbolization and unit of measure.

ELEMENTS OF EACH STAGE OF THE SAD

a) Transducer stage (sensor(s))
b) Sgnal conditioning stage (microcontroller)
<) Processing Stage: (software)

Interaction

MATHEMATICAL RELATIONSHIPS
Define how are related the variables that are addressed in the
experimental activity.
TRANSFORMATIONS AND/OR
REPRESENTATIONS

KNOWN RESULTS

Results for limit values of the variables that are taken into account
for the measurement in the experimental activity. They are used to
compare quantitatively the results of the measurements with the
theoretical model.

Graphs, diagrams, tables, schemes or other forms of
transformation of the records from the experimental activity.

RECORDS

PREDICTIONS Observations made during the experimental activity
Possible answers to the i before the experi;

activity.

SITUATION

Description of a particular physical event that involves a set of tasks
that are addressed in the experimental activity and is part of a
conceptual field.

Fig.2 AVDAS diagram for the implementation of DAS in experimental activity in the physics teaching

reference of learning, the Theory of Conceptual Fields, given that in the context of
experimental activity it is essential to identify the referential framework from which
one hopes to learn. It is important to point that the notion of the concept of system is of
great importance when we refer to physics as an experimental science, which is based
on models and allows us to approach to physical situations to find a solution under an
existing theoretical framework (Covaleda et al., 2005). Therefore, in the physical system
components all elements that are part of the experimental activity are described and that
the student considers that play an important role in facing a situation. On the other hand,
the variables, procedures, constants and their representations, the mathematical relations
and the known results, are elements that are extracted from the theoretical framework to
which the conceptual field is associated, from which a level of domain is required by the
students, that allows the development of experimental activity in permanent interaction
with the methodological domain. Finally, predictions are taken as an initial attempt to
answer the questions before facing the situation; at this point it is essential that students
explain the reasons on which their beliefs are based, in such a way that they are aware
of the importance of previous knowledge for their interpretations.

3. On the right, is the methodological domain that includes the registers, transforma-
tions and/or representations, the own elements of the DAS stages, the DAS validation,
answers to the questions and assertions of value. The registers indicate the observations
that are carried out in the attempt to answer the questions, taking into account variables
and parameters that are used to represent the physical system, as well as the known,
student results and predictions. In the transformations and/or representations an organi-
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zation of the registers is carried out, by means of tables, graphs, diagrams, drawings
or another type of representation that is necessary to understand the process of student
conceptualization. The following space corresponds to the own elements of each of the
DAS stages; in the transducer stage, the type of sensor used to carry out the measure-
ments is identified, in the signal conditioning stage, the analog—digital converter or the
used microcontroller is mentioned and in the processing stage the software or applica-
tion in charge of the numerical processing corresponding to each particular experiment
is indicated. This characterization is carried out with the purpose that students identify
the used DAS as part of the experimental activity and not as a measurement instrument
of which they do not know how it works.

Next, a fundamental element of the diagram is presented, which is the DAS validation,
in this field, students are expected to compare the graphs and known results with those
obtained during the experimental activity, and generate arguments in relation to the reli-
ability of the DAS used and its coherence with the conceptual domain. After this vali-
dation, the answers to the questions that guided the activity are presented, based on the
interpretation of the registers and their transformations, and making a comparison with the
predictions made. In this space, according to the Theory of Conceptual Fields, the predica-
tive form of student knowledge is valued, that is, the way they put into words their under-
standing of the situation. The last component of the diagram answers the question: what is
the importance of the produced knowledge? With this, it is intended that students value the
possibilities of the implementation of DAS during experimental activity and its role to face
a proposed situation; besides to indicate the modifications that can be made, or how it can
be related to other situations that allow to improve their degree of domain of the conceptual
field addressed.

The diagram presented in Fig. 2, is presented as a theoretical-methodological tool that
allows to increase the potential of DAS in the physics teaching, enabling its critical use and
providing a means by which it is possible to assess the process of student conceptualiza-
tion. In this sense, it is considered that the use of this diagram helps to enhance the contri-
bution of DAS to the conceptualization in physics and experimental activity.

4 Model for the Analysis of the Cognitive Process in Experimental
Activity

About the cognitive process in experimental activity, the main ideas of the MATLaF,
designed by Andrés and Pesa (2004), were resumed. This model was developed within the
framework of the Vergnaud’s Theory of Conceptual Fields (1990), with the purpose of rec-
ognizing the cognitive process that occurs during a laboratory work from a novel situation.
The MATLaF and its process is represented in Fig. 3.

According to Fig. 3, the laboratory work starts from a situation not known by the stu-
dents, which is perceived by the schemes presents in their cognitive structure; by not find-
ing a solution that fits the situation, the operational invariants are activated, from which
mental models are constructed, which evolve recursively along with predictions and infer-
ences, until find their functionality. In the process of elaborating mental models, with
their underlying invariants, initial goals are generated, which trigger rules of action spe-
cific of the experimental activity; these rules allow interpreting and contrasting predictions
and inferences, which once considered pertinent, it can be affirmed that the goal has been
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Fig.3 Dynamic model of Learning in Physics Laboratory Works (Andrés et al., 2006; own translation)

reached. In this process, social interaction, the search for external information, teacher
mediation, realization of observations, among others, play a fundamental role; which con-
tributes to the adaptation of the schemes to novelty and variety (Andrés et al., 2006).

By guiding the experimental activity from this learning model, three main moments are
proposed for the collection of information: diagnosis, intervention and evaluation of the
level of final conceptualization. These three moments are framed in four phases proposed
in the MATLaF, namely:

1. Identification of initial operational invariants of students, associated to the conceptual
field.

2. Identification of operational invariants of students, associated strictly with experimental

subtasks.

Evaluation of the achievements learned.

4. Comparison of the student (and teacher) expectations with the achievements obtained.

et

5 Articulation Between the AVDAS Diagram and the MATLaF

In order to articulate the AVDAS diagram design and the MATLaF, Table 1 presents a par-
allel between the meeting points of both methodological tools for its implementation in the
experimental activity; in addition, a proposal based on the Vergnaud’s Theory of Concep-
tual Fields (1990) is briefly described, which allows identifying the main characteristics of
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Table 1 Articulation between the AVSAD diagram and the MATLaF

MATLaF

AVDAS Diagram

Presentation of a situation not known by students

Activation of operational invariants and construc-
tion of initial mental models

Generation of initial goals that trigger rules of
action specific to experimental activity

Contrasting the predictions and inferences with
results to determine if the goal has been reached

Particular physical event that involves a set of com-
plex tasks that are addressed in experimental activ-
ity and allow to approach to a conceptual field

Elaboration of predictions as possible answers to
questions of the experimental activity and develop-
ment of the conceptual domain

Appropriation of the objectives and development
of the methodological domain from data register,
transformations and representations, and the valida-
tion of the DAS to answer the questions

Answers to the questions that guide the experimental

activity and assertions of value to determine the
importance of the produced knowledge

experimental activities oriented with DAS during the training of science teachers, as well
as the role of this tool in the conceptualization processes of students.

5.1 A Proposal for the Implementation of DAS as Support for Experimental Activity
in the Physics Teaching

Figure 3 represents the proposal based on the MATLaF (Andrés & Pesa, 2004), which
was developed to identify the cognitive development of students when faced with novel

First Moment: Phase 1: Identify initial operative invariants
Diagnosis or initial (OI) of students associated with the conceptual
state field.
() ’
Second Moment: Phase 2: Identif.y Ol of.the
% students, associated with
Intervention or 0 : —
X 3 e properly experimental
intermediate status i
Phase 3:
Evaluate
achieved
learning.
Third Moment: Phase 4: Compare
Evaluation of the expectations of -
final level of students with
conceptualization achievements. \_ J

Fig. 4 Moments and phases of the methodological propose
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experimental situations. From this model, three moments are presented with defined pur-
poses for the collection of information that are summarized in Fig. 4.

Based on the methodological proposal, Table 2 presents the main purposes of each of the
moments, in order to guide the design of experimental activities that are implemented using
these methodological tools for students of teacher training programs in natural sciences.

6 Final Considerations: Implications for the Teaching

The methodological resources proposed in this article to accompany the implementation of
DAS in experimental activity, play a fundamental role by allowing to identify the cognitive
processes that students put into play to solve novel situations. Mainly, through the diagram,
enunciation is favored, an element that is essential in the process of conceptualization, and
consists in the externalization of the relationship between forms of knowledge, categorized by
Vergnaud, as the operative and predicative forms. Analysis of the process of student concep-
tualization necessarily implies propitiating spaces so that they can make their representations
explicit, which is achieved thanks to the articulation of both tools and to the permanent insist-
ence so that the students reflect on everything that implies facing a situation. In this way, one
of the main implications of this proposal is to favor the critical capacity about the study object,
the evolution in laboratory perception, the complementary character of the theory—practice
relationship and the analysis of an experiment structure.

In the same way, understanding the conceptualization in physics as a process that is part
of the cognition of human being, and in which situations and schemes present in the cog-
nitive structure of a subject are in permanent interaction, it can be affirmed that the use of
DAS contributes considerably to this process, by allowing students to identify relationships
between variables based on the interpretation of graphs; what influences the rules of action
and the selection of pertinent information to face the proposed situations. In the same way,
comprehension of whole process of data acquisition, from the measurement with sensors,
until obtaining the data in the computer, reduces the uncertainty of students to solve problems;
emerging knowledge in action that reflects the adaptation of its schemes to novelty.

This allows us to affirm that there are alternatives such as the proposal described in this
article, which seek to promote the transformation of the technical-instrumental image of the
physics teaching, making use of the DAS not only as a tool with a merely instrumental char-
acter, but that helps to reflect on the way in which concepts are constructed from experimenta-
tion; establish relationships between daily life and scientific models, and from the approach of
novel situations, spaces are provided to bring students to the construction of scientific knowl-
edge, largely thanks to the characterization of the theoretical and methodological domains
involved in such situations.
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