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Abstract

This research’s aim was to analyze the mobilization in learning chemistry promoted by the collective
action of three entrant students in higher education courses, in a college located in Santo André. For
such, cognitive indicators mobilized by them while living individual and group situations on water’s
boiling point, using Screencast video lessons as a motivational strategy, were analyzed. The fulfilment
of these situations’ corresponding tasks was filmed, and the recordings were transcribed and analyzed
with the help from the Transana software. The indicators used for the Discursive Textual Analysis were
created by associating Vicente Talanquer s Chemistry Knowledge Space to Gérard Vergnaud's Theory of
Conceptual Fields. The results displayed higher quantity and better quality to the indicators in situations
with collective character, to the detriment to the ones with individual character. Thus, one might conclude
that, under this research’s conditions, collective action, generated by a collective scheme, was capable of
mobilizing the learning of chemistry.

Keywords: collective action, space of knowledge of chemistry, collective scheme, theory of conceptual

fields.
Introduction

Learning chemistry is intimately related to the development of the capability to
understand concepts (Treagust, Schmidt, & Kaufmann, 2009) and establish relations between
observable phenomena and the non-observable world of sub-atomic particles (Beltran, 1997),
a process that has been widely reported, in literature, as problematic. The difficulty in learning
chemistry has been attributed to the traditional methods of teaching this science (Armbrecht,
Aragon-Muriel, & Micolda, 2014; Suart, 2008). Chemical phenomena, for instance, are usually
explained on a sub-microscopic level, leaving aside structural aspects (Johnstone, 1993).
According to Rezende and Wartha (2011), the explanation to phenomena of molecular nature
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under essentially microscopic optics entails difficulties to understanding chemistry which
originate from this teaching model (Armbrecht, Aragén-Muriel, & Micolda, 2014), influencing
the performance of students who entered university courses which had disciplines in the area
of sciences. This teaching is faulty (Bagarukayo, Weide, Mbarika, & Kim, 2012; Zoller, 1993,
2000, 2001), for it does not satisty situations demanded by modern life, which means applying
knowledge in real and daily situations.

The major goal in education in chemistry, according to Zoller (1993, 1999, 2000,
2001, 2004), is developing the ability to think critically, in a way that the student is capable
of making decisions in order to solve problems. The author proposes the use of new teaching
technologies, calling attention to the necessity breaking through the current paradigm, which
aims at HOCS (higher-order cognitive skills) and proposes that, for such, it is necessary to
promote revolutionary changes in education, especially in higher education.

Taqi and Al-Nouh (2014) put forth the educational proposal of works done in groups,
which permit reaching HOCS, since students are impelled to discuss, argue, explain and
negotiate meanings, besides defending that a rather evident effect of this methodology is the
increase in motivation provided. Corroborating with this proposal, Kim and Tan (2013) warn
that the ability to corroborate in order to carry out a group task does not come about by itself,
but requires an explicit educational strategy, with well established guidelines, also proclaiming
that such collaboration becomes more effective as the level of complexity of the task gets
higher when it comes to decision processes in deciding on what to do in solving the problem.

In order to provide analysis on complex cognitive activities with a theoretical
structure, Gérard Vergnaud elaborated in the 1990°s the Theory of Conceptual Fields. It deals,
fundamentally, with cognitive development (Vergnaud, 2009) and has been used as theoretical
reference to this research. Vergnaud bears a fundamentally constructivist structure in his theory,
proclaiming that knowledge is built through interactions between the learner and the situations
they live and, thus, learning takes place as concepts become, over the course of many years,
actual scientific concepts (Vergnaud, 2003). Piaget’s main legacy for the Theory of Conceptual
Fields was the concept of scheme (Vergnaud, 1991, 2009). According to him, the schemes are
conceived as direct results from generalization of one’s own actions, being of unperceivable
nature (Palangana, 1998), but according to Vergnaud himself, his interpretation of the scheme
is wider than Piaget’s, defining it as a manner of conduct which, impregnated by this conceptual
content (aspect not dealt with by Piaget), distinguishes the action by the subject before a class of
situations, acting as the main architect of human thought (Vergnaud, 1991; 2009). In Vergnaud’s
view, the following constitute components of a scheme: (1) goals and anticipations, (2) action
rules like “if-so-therefore”, (3) operatory invariants and (4) probabilities of inference. Forming
a concept, according to Vernaud, (1991; 2009), is related to the triad S, I, R, in which S stands
for situations, (which give the concepts meaning), I stands for operatory invariants (verbal and
non-verbal, which give the concept its public characteristic) and R stands for the concept’s
symbolic representation, also in verbal and non-verbal fashions.

The core of Vergnaud’s theory, however, is the concept of conceptual field. According to
it, conceptual field is, at the same time, a set of situations and a set of concepts, all interrelated.
The meaning of a concept cannot be analyzed through a single situation and, reciprocally, a
situation cannot be analyzed through a single concept, but through many of them, creating
systems.

Over the last ten years, works which use the Theory of Conceptual Fields as a reference
have aimed mostly at education in mathematics, focusing mainly on subject matters such as
scales and proportionality for assembling geometrical shapes (Dejarnette, Walczak, & Gonzalez,
2014), subtraction structures (Sanchez & Fernandez, 2009), additive structures (Magina, 2011)
and multiplicative structures (Magina, Santos, & Merlini, 2014). Some works aimed at physical
education deal with the mechanism of wave propagation (Caballero, Pesa, & Bravo, 2009),
thermophysics (Carvalho Jr & Aguiar Jr, 2008), gravitational interactions (Caballero, Moreira,
& Stipcich, 2007), and others. In chemistry, there are not many works which use Vergnaud’s
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theory as a reference. Among the most important, Bueno Filho’s (2010), which proposed 16
multi-level tasks to students from the Chemistry Institute and the Faculty of Pharmaceutical
Science of University of Sao Paulo, Brazil, in a way that they could actively and reflexively
participate in the situations proposed can be quoted. The activities were related to getting to
know their own conceptions, applying knowledge directly, confronting and relating their ideas
to other participating peers’ ideas and reworking conceptions, all related to the subject matter
stereochemistry. The results led to a proposition which diverged from those presented by
Vergnaud, stating that in a single class of situations, there was no regularity in the mobility of
the same operatory invariants. Another important work which used the Theory of Conceptual
Fields in chemistry was Caballero’s, Grings’ and Moreira’s (2006), which analyzed difficulties
in learning concepts related to thermodynamics (heat, temperature, work, entropy and energy)
presented by 90 students from a technical school in Rio Grande do Sul, Brazil, seeking possible
operatory invariants presented by them. Researchers suggest that these likely operatory
invariants might represent obstacles to conceptualization, pointing at the occurrence of many
that move away from scientific knowledge, potentially building obstacles to learning concepts.

Collective Action and Collective Scheme

In the field of education, there is no consensual definition to the term ‘collective action’,
nor there are on the existence of something like ‘theory of collective action’. When it is
occasionally mentioned in the field of education, it is mostly related to the formation of groups
of teachers who intend to modify school syllabuses or create new teaching methodologies.
Thus, in this research, the term ‘collective action’ was appropriated, meaning students making
decisions in groups, referring to the concepts that surround the topic ‘water boiling point’.
It is also inferred that this collective action is a reflex of the group’s way of thinking, their
collective scheme. It seems acceptable that individuals who live a certain situation in a group
act accordingly to their individual conscience, or individual schemes, where a ‘collective
consciousness’ or collective scheme, motor of the action, comes up, as Marcel (2007) defends:
“collective scheme would be a structure which generates collective action in a given situation.
The difference [between individual scheme and collective scheme], however, lies in the fact
that this collective pattern is ‘carried out’ by a group of acting individuals, not by a single
individual. The collective scheme is built and mobilized by the team, as a social and cognitive
entity” (Marcel, 2007, p. 651). Besides, Marcel (2007) defends that the organization of patterns
in individual schemes constitutes the specificity of the collective scheme, which has a cognitive
surplus that would, in return, also influence individual schemes. That is, there would be some
influence (not simply a joint) from individual schemes on the constitution of collective scheme
and, in return, the new individual schemes would have been influenced and modified by this
collective scheme. What is proclaimed in this research is precisely the account seen here: it is
supposed that the students participating carrying out the tasks proposed have built, through their
individual schemes, a collective scheme that, in turn, modified the individual schemes, entailing
movement in their learning. Verdier (2007) studied the cognitive aspects in learning children,
in the formation of initial concepts, through analyzing collective schemes produced by their
collective actions, and concluding through the results obtained that learning through collective
action can enrich students’ individual patterns.

In Brazil, Bueno Filho, Nascimento and Alves (2015) paved the way to research related to
collective actions and schemes, presenting their work in the field of intermolecular interactions,
in which they also defend that the discourse of each individual participating in a situation lived
collectively creates a collective unconscious characterized by contributions from individual
schemes. That collective unconscious would be the collective scheme.
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Problem of Research

The research objects are students in individual and collective learning actions, motivated
by using screencast video lessons, with the purpose of presenting a methodological proposal
which helps develop the HOCS, which, as Zoller (1993) suggests, would be the highest purpose
of education in chemistry. For such, it is necessary that new teaching technologies be used, in
order to develop rational evaluative thought.

The choice made here was to work with video lessons, which fit into the context of
the new teaching strategies needed for developing HOCS (Blonder, Jonatan, Bar-Dov, Benny,
Rap, & Sakhnini, 2013; Chiu & Wa, 2009; Sadik, 2015; Turkoguz, 2012; Zoller, 2001, 2000,
1999, 1993), since they are not used merely as expositional lessons which, in spite of being
mediated, might not be as traditional as if they were taught with chalk and blackboard by a
teacher in the center of the educative process. What justifies the use of this resource the way it
has been presented in this research is that producing a video class stimulates and motivates the
student to get more involved in the process of acquiring scientific concepts (Bailey, Hendricks
& Applewhite, 2015; Blonder, Jonatan, Bar-Dov, Benny, Rap, & Sakhnini, 2013; Chiu &
Wa, 2009; Sadik, 2015; Sherer & Shea, 2011; Smith, 2014; Turkoguz, 2012) so that they will
have resources to present them in a suitable way, in both individual and collective aspects,
constituting, besides that, a challenging and mobilizing teaching strategy of the HOCS (Suart,
2008). The screencast modality for the video class was chosen bearing in mind preserving the
images of the students who produced them, enabling them to feel more at ease, thus motivating
them to more intensely engage in the tasks proposed (Dunn, McDonald, & Loch, 2015; Sherer
& Shea, 2011).

The choice of promoting a job done in group was made in function of the purpose to
integralize the socialization of the forms of thought among the members, in a way that they
would develop not only an environment which is collaborative on the superposition of ideas,
but also participative in the conception of a collective scheme, which triggers collective action
(Bronckart, 2007; Kim & Tan, 2013; Marcel, 2005, 2007; Taqi & Al-Nouh, 2014; Verdier,
2007). Thus, they debate, ponder, evaluate, construct and deconstruct their concepts taking as
basis collective rationalization of what seems to be scientifically more plausible to them. To this
gain in knowledge, an important teaching guide is added: once the hindering obstacles which
are hindering or even preventing the learner’s intellectual progress are known, the teacher has
resources to offer more suitable ways to achieving their goals.

The chemistry topic chosen was the boiling point of water, because it is rich when it comes
to the possibility of mobilizing ideas related to the structural (chemical bonds, electronegativity,
polarity, among others) and thermodynamic (heat, enthalpy, entropy, among others) conceptual
fields, and can be described on different levels of education, since the topic ‘boiling point’
is approached on the early stages of elementary school and moves on, being approached in
slightly greater depth in high school.

What justifies the execution of this research, socially and culturally, is the idea of being
able to contribute with advances in the area of education (which would influence a society’s
culture), both in learning, presenting a new proposal for students’ motivation, encouragement
and engagement in a group, through the specific proposal of a screencast production, and in
teaching, as an aiding instrument to the investigation of students’ forms of thought, which
would collaborate with teachers’ work in helping increase conceptual relations their students
build, in qualitative and quantitative terms, thus helping them develop HOCS.

The main focus of this research was to obtain answers to the following basic questions:

1) Can collective action in producing a screencast video lesson contribute to building a
collective scheme? What would this collective scheme be like in relation to individual schemes,
if they were mobilized in different situations?

2) Can collective action, once it is generated by collective scheme, mobilize learning
related to a specific topic in chemistry? What would the conceptual fields mobilized for this
topic be?
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To obtain answers to the questions presented, the research aimed specifically at:

1) Analyzing cognitive indicators mobilized by the students involved in this research
during the execution of situations of individual character;

2) Characterizing individual schemes of participating students, starting from the
indicators analyzed;

3) Analyzing cognitive indicators mobilized by the same students involved before, this
time during execution of situations of collective character;

4) Identifying characteristics of the scheme presented by the group, starting from these
indicators analyzed.

Although the theory presented by Vergnaud deals specifically with individual schemes,
it does not refute the existence of a collective scheme. Through this research, the intend is to
aggregate the ideas defended by Bueno Filho, Nascimento and Alves (2015), Bronkcart (2007),
Verdier (2007) and Marcel (2005, 2007), on the existence of collective schemes, to the Theory
of Conceptual Fields. Also, it was through the comparison between the individual and collective
schemes which the students presented that it was possible to verify and infer on the learning
movement by the participating students. The existence of the collective scheme, collective
action having been a reflex of this scheme and learning having been mobilized by this action,
are inferences which could be made with basis on comparisons between the characteristics
of individual schemes and the group scheme, as is accounted above, and as is intended to
demonstrate throughout this text.

Methodology of Research
General Background of Research

In order to answer the basic questions presented, the cognitive indicators mobilized by
the students while solving different types of actions (individual and collective) were analyzed
during the months of August 2015 to March 2016, and, through them, have a panorama on the
respective schemes.

The situations proposed which permitted such investigations were divided into two
groups. Group 1 consisted of two situations lived by the students individually, while the second
consisted of two situations lived in a group, which demanded greater involvement in viewpoint
defense, development of critical sense and decision making in order to accomplish the tasks
proposed, with both groups using video lessons in different contexts (in group 1, watching only,
and in group 2, elaborating and creating), but belonging to the same topic, the boiling point of
water.

The existence of collective scheme and the fact that the collective action originated from
it, are hypotheses which can be inferred through the difference between individual and group
schemes.

If the group’s scheme displays conceptual correlations between the cognitive indicators
analyzed, different from those which were presented in the individual schemes, the scheme
related to the group’s actions is not just a superposition or addition of individual schemes. In other
words, new conceptual correlations came about from the group’s weightings and reflections,
allowing us to infer that the scheme is actually collective, and therefore the collective actions
were produced by a collective scheme.

The hypothesis that collective action, once commanded by a collective scheme, mobilized
the learning of chemistry related to a particular topic (in this case, the boiling point of water),
can also be attributed to the difference between individual and group schemes. If the collective
scheme presents greater richness and diversity (in quantity and quality) in the conceptual
correlations between the cognitive indicators analyzed, it is to the group that this favorable
difference in the conceptual correlations (relations between concepts and operatory invariants)
that came about can be attributed, that is, weightings, reflections, insertions, questioning and
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reconsiderations which led to a final conceptualization which was richer than the one presented
individually. Therefore, collective action culminated in learning chemistry relating to the
boiling point of water.

Participants and Setting

From March to May 2015, a pilot project was carried out with two students of the first
year of the Pharmacy Course at Faculty of Medicine of ABC, a Higher Education Institution
from the private network in Santo André, Brazil. On the occasion, the data collected had its
results analyzed and validated by a team of specialists from the Federal University of ABC.

After completion of the pilot project and validation of procedures and data analysis
instruments, three students, under the same conditions as the two first were, were chosen at
random and by lot, that is, students from the same Education Institution, from the first year
of the Pharmacy Course, ranging from 18 to 35 years of age, without a scholarship or prior
professional qualification, one male and two females. Two of these students carried out their
high school studies at schools from the public network, whereas one did it at a school from the
private network.

Instrument and Procedures
The participant students experienced four situations, denominated S1, S2, S3 and S4,
and went through 2 interviews, denominated E1 and E2. Table 1 shows the main characteristics

of the situations and interviews carried out.

Table 1. Characteristics of situations and interviews experienced.

Situa- L Action .
tion Description I Complexity level  Goal Purpose
Infer on the level of
Analyze cogni- knowledge on ‘boiling’
Student explains tive indicators fjlsplayed by student,
presented by in order to have com-
and represents, on L . :
$1 " Individual More simple student and parison parameters
blackboard, the boiling X
. relates them to when analyzing data
point of water .
the phenomenon  from S3 (compare in-
‘boiling’ dividual and collective
schemes)
Student watches a Present a learn- lngfgeort]i;:]ugfgéﬁce is
Show  video lesson with L Only information ing object related percep neep
Individual . o which are pertaining
of VL,  concepts related to the input to the topic ‘boil- e
topic ‘boiling’ ing’ and non-pertaining to
the topic ‘boiling’
Student explains
and represents, on Infer on the influence
blackboard, what they - More simple Analyze cognitive  of watching a video
S2 ) Individual o "
would change (if they indicators lesson on the cognitive
would) in their model level
or video lesson
Infer on a possible
Group discusses the movement on group’s
o . More complex, L
boiling point of water . " and each individual's
with sodium chloride with greater Analyze cognitive cognitive level by
S3 Collective  evidence of criti- indicators pre-

and creates lesson to
explain the phenom-
enon

cal thinking and
questionings

sented by group

comparing quality and
quantity of indicators
(comparing collective
to individual schemes)
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Observe group’s
More complex, decision making e
. . Permit finalization of
Group creates lesson with greater and verify the
. . . . ” . works through the ex-
S4 and designs a video Collective  evidence of criti- likely emergence . . ,
. ecution of their efforts
lesson based on it cal thought and of concept not .
. . : final product
decision making presented in
previous tasks
Confirm hypothesis of
Student goes through Simple enough Get to know gmstence of collec-
. . : , tive scheme under
semi-structured inter- L to express their student's percep- . .
E1 . o Individual . : . the viewpoint from
view upon finalization ideas, thoughts tion as to fulfilling . .
of S4 and feelings group work other participants in the
research, besides the
researcher (students)
Understand the
student’s way of
Stuqent goes through . thinking which Confirm or refute the
semi-structured Simple enough to . :
) . ) L ; ) was not made interpretation of some
E2 interview sometime Individual ~ clarify their way of .
e L clear though data through direct
after living situations thinking . :
' executing the explanation to student
aforementioned o
situations afore-
mentioned
Data Analysis

The analysis of the data was done through an essentially qualitative bias and, as a helping
tool for the analysis of situations S1 to S4, the software Transana (WCER, 2011) was chosen.
Through Transana, it is possible to show the temporal superposition of action scheme contents
during the resolution of the situations proposed, which is basis for the Discursive Textual
Analysis (DTA) carried out. For interviews E1 and E2, the analysis did not follow the same
course as in situations S1 to S4, since they bring only students’ opinions and contemplative
clarifications.

The cognitive indicators utilized on this research’s data treatment correspond to
subgroups of meaning and represent a mesh of Vicente Talanquer’s Chemical Knowledge Space
(Talanquer, 2011), the approaches, dimensions, levels or scales and types, relating more to the
structure of the narrative, or discourse analysis, as is proposed by Moraes and Galiazi (2006),
and elements relating more to their contents and their articulations with thought operations,
according to Vergnaud (1991, 2003, 2009, 2012), the concepts, explanations, gestures and
operatory invariants. These cognitive indicators are listed on Table 2.

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)



Lucia Machado de ANDRADE, Kéthia Maria HONORIO, Marco Antonio BUENO FILHO. Collective action and collective scheme in the

mobilization of learning chemistry according to Vergnaud’s theory of conceptual fields

PROBLEMS
OF EDUCATION

IN THE 21*CENTURY
vol. 75, No. 5, 2017

426| Table 2. Cognitive indicators utilized for DTA.

Axis Indicator Axis Indicator
Baton . Conceptual
Cohesive
Gestures . Approaches Contextual
Demonstrative g
lconic Historic
Metaphoric Mathematical
Heat
Electronegativity and polarity
Kinetic energy Macroscopic
Entropy Mesoscopic
Concepts Intermolecular bonds Levels or Scales Molecular
Matter Multiparticles
Change of physical state Subatomic
Atmospheric pressure Supramolecular
Steam pressure
Temperature
Exolanations Conclusion Tvbes Experiences
P Justification yP Models
Visualizations
N Conceive hypotheses . . Composition and structure
Operatory invariants . L Dimensions
Consider possibilities Energy
Carry out comparisons Time

Results of Research

Figures 1 and 2 show the diagram obtained by the Transana software through DTA of
the transcription from S1 and S2 to Al. The same can be seen for A2 in figures 3 and 4, and
for A3 in figures 5 and 6. Figure 7 shows S3’s diagram. The horizontal line above the colored
bars indicates the time, in minutes and seconds (00:00), used by the group of students living
S3. The length of the colored bars corresponds to the time in which the student manifested
the cognitive indicator related on the left column. The bars represent different meaning units
selected according to the main topic approached by the students in their explanations at that

time.

Series: Representation

APPROACHES : Contextual

Episode: Al

File: A1TL.MTS

0:00 0:10

CONCEPTS : Change of physical state

CONCEPTS : Heat

CONCEPTS : Kinetic energy
DIMENSIONS : Energy

GESTURES : Demonstrative
GESTURES : Metaphoric

LEVELS OR SCALES : Macroscopic

OPERATORY INVARIANTS : Carry

TYPES : Experiences
TYPES : Visualizations

out comparisons

020 0:30

120

=
2
-
=
=

Figure 1. DTA Diagram of Al in S1, obtained by Transana.
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Series: Reflection Episode: Al

File: AIT2MTS

0:00 0:20 0:40

el
=

J
142

APPROACHES : Conceptual

CONCEPTS : Change of physical state

‘CONCEPTS : Heat

CONCEPTS - Matter

DIMENSIONS : Composition and structure

DIMENSIONS : Energy

DIMENSIONS : Time

LEVELS OR SCALES : Molecular

OPERATORY INVARIANTS - Carry out comparisons

TYPES : Models

TYPES : Visualizations

Figure 2. DTA Diagram of Al in S2, obtained by Transana.

Series: Representation Episode: A2

File: A2T1 MTS

APPROACHES : Conceptual
CONCEPTS - Atmospheric pressure
CONCEPTS : Change of physical state
CONCEPTS : Heat e —
CONCEPTS : Kinetic energy —
CONCEPTS : Matter I
CONCEPTS : Temperature

DIMENSIONS : Compaosition and structure I
DIMENSIONS : Energy

EXPLANATIONS : Conclusion

GESTURES : Demonstrative

‘GESTURES : Icomic

GESTURES : Metaphoric E—
LEVELS OR SCALES : Macroscopic

LEVELS OR. SCALES : Molecular I
OPEFATORY INVARIANTS : Carry out comparisons —
OPEFATORY INVARIANTS : Conceive hypotheses

OPERATORY INVARIANTS : Consider possibilities

TYPES : Experiences

TYPES : Models I
TYPES : Visualizations I

Figure 3. DTA Diagram of A2 in S1, obtained by Transana.

Series: Reflection Episode: A2

File: A2T2MTS

=
=
=
o
=3
e
=
=

APPROACHES : Conceptual

CONCEPTS : Change of physical state

CONCEPTS : Temperature

LEVELS OR SCALES : Molecular

OPERATORY INVARIANTS : Conceive hypotheses
TYPES : Visualizations

Figure 4. DTA Diagram of A2 in S2, obtained by Transana.

Series: Representation Episode: A3

T
2:00

r
i

File: AST1MTS

o0 130

=)
=
=2
=)
&
=

APPROACHES : Conceptual

APPROACHES : Contextual

CONCEPTS : Intermolecular bonds

CONCEPTS : Kinetic energy

CONCEPTS : Matter

DIMENSIONS : Composition and structure
DIMENSIONS : Energy

EXPLANATIONS : Justification

GESTURES : Metaphoric

LEVELS OR SCALES : Macroscopic

LEVELS OR. SCALES : Molecular

LEVELS OR SCALES : Supramolecular
OPERATORY INVARIANTS : Camry out comparisons
OPEFATORY INVARIANTS : Conceive hypotheses
OPEFATORY INVARIANTS : Consider possibilities

TYPES : Models

TYPES : Visualizations

Figure 5. DTA Diagram of A3 in S1, obtained by Transana.

Series: Reflection Episode: A3

n

b
i

3.03

A3T2mpd

0:00 0:20 0-40 14

jral
a

APPROACHES - Conceptual

CONCEPTS : Kinetic enerzy
DIMENSIONS : Composition and structure
DIMENSIONS : Energy

LEVELS OF. 8CALES : Molecular

LEVELS OR. SCALES : Subatomic

TYPES : Models

TYPES : Visualizations

Figure 6. DTA Diagram of A3 in S2, obtained by Transana.
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CONCEPTS : Matter 1
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CONCEPTS : Temperature i =
DIMENSIONS : Composition and structure 1 [ D, N
DIMENSIONS : Energy 0] . |
DIMENSIONS : Time ni
EXPLANATIONS : Conclusion [} . |
EXPLANATIONS : Justification 11 - .
GESTURES : Cohesive | 1 .
GESTURES : Demonstrative [N ] H
GESTURES : Iconic 1
GESTURES : Metaphoric Tl -
LEVELS OR SCALES : Macroscopic [ ]
LEVELS OF. SCALES : Molecular n
LEVELS OR SCALES : Supramolecular | I |
OPERATORY INVARIANTS : Carry out comparisons Il = mm |
OPERATORY INVARIANTS : Conceive hypotheses |1
OPEFATORY INVARIANTS : Consider possibilities 1
TYPES : Experiences [ ]
TYPES : Models 111/
TYPES : Visualizations 1 - H

Figure 7. DTA Diagram of S3, obtained by Transana.

Table 3 shows the main results obtained when we compare each student’s performance
experiencing individual situations (S1 and S2) to the group’s performance, experiencing a
collective situation (S3).

Table 3. Comparative results between individual and group situations.

Result Stand S3  Difference
S2
Q“a'?“ty of cognitive n dicators 36 37 Dissociation entered S3
considered for analysis
A1:16
Subatomic scale appeared in S1
Total quantity of cognitive indica- A2 21 30 Concepts of electronegativity and polarity and steam pres-

tors mobilized sure appeared in S3
- Cohesive gesture appeared in S3

A3: 18
Total quantity o.f concepts consid- 10 11 Dissociation entered S3
ered for analysis
Association between concepts 8 18
Al:4
Total quantity of mobilized con- ) Besides dissociation, the concepts of electronegativity and
A2:6 10 . p
cepts polarity, pressure and steam were mobilized in S3
A3:3
A1:2
Total quantity of operatory invari- ) Operatory invariants with a higher number of conceptual
A2:9 20 L :
ants associations were detected in S3
A3: 4
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The S4 situation did not show cognitive indicators or relations between them which
differed from what occurred in S3, since it represented just an operational stage of the video
lesson’s production, in which the group reproduced, via recording, what they had already
discussed in S3.

Student A1 associated concepts in the fulfilment of group 1 situations, A2 worked out 6
associations and student A3 worked out 1 as well. The group, through the fulfillment of situation
S3, worked out 18 associations between concepts. Thus, the gains are taken into account,
considering that the group’s range should be attributed to each student, as the elaboration of a
collective scheme is being considered (and, therefore, that which belongs to everybody belongs
to each one): 17 for A1, 12 for A2 and 17 for A3.

Discussion

The results of this research show a positive impact on students’ learning and, as Blonder,
Jonatan, Bar-Dov, Benny, Rap and Sakhnini (2013); Demissie, Ochonogor and Engida (2011);
Sherer and Shea (2011); and Talanquer (2014) report, the choice of didactic material (the
screencast video lesson) may have contributed to motivating them towards engaging on the
knowledge construction process.

Taking into account each student’s individual performance, it is possible to consider
an increase of 6 concepts for Al, 4 for A2 and 7 for A3, that is, taking into consideration the
existence of collective scheme, it is estimated that each one has mobilized the 10 concepts in
S3. The conceptual gain of each student throughout the situations lived, from group 1’s tasks to
group 2’s, was not merely in absolute quantities, but also in quality, for the use of the concepts,
in S3, occurred in a fashion much more associated with other concepts than in S1 and S2.

The concepts mobilized refer to the structural (electronegativity and polarity,
intermolecular bonds, matter, change of physical state) and thermodynamics’ (heat, kinetic
energy, entropy, atmospheric pressure, steam pressure and temperature) concepts, with the
structural ones having been more widely accessed. The explicitation of operatory invariants
was an important evidence for the recognition of mobilization in learning, as Caballero, Grings
and Moreira (2006) concluded, in their work, on the conceptual field of thermodynamics.

The larger quantity of conceptual correlations worked out by the group in S3 was
noteworthy, as did Marcel (2009) in his study, yielding the inference that the collective scheme
was richer than any of the individual schemes and, although many operatory invariants which
disagree with the currently accepted scientific model have sprung up, it is important that two
aspects be taken into account. The first one is that a greater number of incorrect operatory
invariants does not necessarily mean that the student is making more mistakes, but they are
exposing their thoughts more. Second, this larger number may indicate that the student is
establishing more conceptual connections, that is, they are accomplishing learning, according
to Vergnaud’s concept. Thus, it is believed that the ascending movement in learning can be
associated to the absolute number of operatory invariants detected, and not to the number of
them which is in agreement or disagreement with the current scientific model. Those who
expose what they think are moving towards learning and, therefore, are building knowledge.

If each student’s way of thinking, in their individual actions, is compared to the way of
thinking related to the group, in a collective action, influences from each individual in the group
are noticed, with indicators collectively mobilized which have been frequent for one or two
participants, as well as influences from the group on each individual, through the appearance of
indicators not frequently mobilized in individual actions. Thus, the differences observed bestow
a certain comfort in proposing, once again, the existence of a collective scheme, as Bronckart
(2007), Bueno Filho (2010), Marcel (2009), and Verdier (2007), in their works, also proposed
the existence of such schemes.
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Conclusions

The results displayed on this research show that, in individual actions, the students
evidenced schemes with superficial explanations, restricted to supplying information or
descriptions which were essentially macroscopic, with few cognitive indicators and few
mobilized concepts which, when utilized, demonstrated to have few co-relational articulations
established. On the other hand, in collective action, the students built a scheme that, differently
from a simple sum of individual standpoints, was characterized by the group’s re-elaboration
of concepts, re-articulation of ideas and reconsideration of each individual’s initial thoughts.
Collective action, resulting from this scheme, evidenced the mobilization of new concepts and
new relations between cognitive indicators, not seen in individual schemes.

The cognitive gains, associated to the situations lived collectively, represent a group
structuring of thought, that is, reflect the collective scheme that formed from a group’s cohesion,
and not from overlapping individual ideas. Therefore, we can attribute the mobilization of
learning in chemistry to the collective action characterized by this scheme.

Considering the results achieved through this research, it is recommended that learning
strategies through collective action be implemented, by means of utilizing new educational
technologies that represent challenge and motivation to students, so that they can engage more
intensely in building their own knowledge.
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