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Abstract—Using a case of research as a methodological
tool, applied in the research lab with students of the ninth
semester of the academic program of chemical engineering
(1Q) of the Faculty of chemical sciences and engineering
(FCQel) of the Autonomous University of the Sate of
Morelos (UAEM), analyzed competition to students include
scientific concepts acquired, where education is a human
process more than verify that cognitive skills according to
the approach [ 1], are developed during the resolution of the
case. The results showed that students managed to explain
the concepts involved, reflected on his own work and
realized what had to be improved. For that, students
employed higher order cognitive skills, such as explain,
investigate, conclude, argue, make decisions and cognitive
skills of low order, such as describing, enunciating,
memorize and reproduce.

Keywords—Study Case, Investigative Research, Skifld
Cognitive Skills.

l. INTRODUCTION
Paulo Freire mentions that: the liberating educatio
analyzing, can no longer be the Act of depositimgyrate,
transfer or transmit "knowledge" and values to ress,
mere patients, as the "Bank" education does, butabe
Knower Act [2].
The goal is to challenge students to a new visibithe
world and become the main protagonists of theirnieg,
through the development of projects that responclutoent
problems, change their own reality and paradignsethan
a critical analysis. However, [3] indicates thate th
cognoscente Act can be made through the actioro@i@l
between educator and learner, through problemsatiat/
further reflection, a greater disclosure of realignd
understanding of the existential situation, in whithe
student is central.
Science, technology and society (CTS), movementatsm
provide the car change and critical thinking, [fé}, its part
numbers to: critical science education is to make a
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approach to end questioning models and values tdien
and technological development of our society. That
represents, not to accept technology as a superior
knowledge, whose decisions are limited. On therdtlaad,

the hope is that students can participate in deatiocr
decisions about science and technology, questiottieg
dominant ideology of technological development [1].

The CTS with a humanistic emphasis carried outélseue

of the conception of Paulo Freire in educatioringithis as

a human process. In this sense, [2], [3], [4], [Eye been
discussed and expanded the ideology of CTS in the
perspective of Freire. Along with this [6], notdsat this
expansion of the movement, seeks to reduce theregs
between rich and poor in the current globalizafioocess,
facilitating the debate on issues relating to tedbgical
exclusion.

The case of research, it is assumed as a methiedgroing
that facilitates the process of dialogue betweewtter and
pupil, allowing the students to exercise a criti@ahlysis of

a situation or specific exclusion. This can occaturally in

two points: first to the teacher, who acts as aiatedof the
students, guiding them in the identification, sbkarfor
information about the possible solutions and eraging
reflection on the decisions taken and the possible
consequences[5]; and second in the students, wine cait

of passivity and the oppression of information &edin to
reflect on their own social and human conditionsoading

to the proposed case.

Case study-based methodology offers students an
independence of learning, because it allows to aéxpl
scientific knowledge sometimes distinct and complebs a
method that arose from based learning problemsb(&ro
Based Learning), originated in the school of Metkcof
University of McMaster, Canada, 35 years ago, With
aim of improving the training of health care
professionals[7].

The resolution of the cases can be done in vanoags:
through records and information; using the relation
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between the scientific, social, political, humaicist
environmental expertise, etc.; and in experimefaah, in
this case, the teacher can use case study, scttiggnts
develop skills of research, handling and commuitoabf
data [8]. On the other hand, the research provadesiching
for small research, together with the scientificn@epts
involved, procedures and actions to be taken by
students[9].

Laboratory practices approach to the methodologgasie
studies. According to [10], in a review of the fa&ure
concerning the activities of laboratory researchthoe
involves questions of planning, experimental prdidns,
collection and interpretation of data and preséemabf
results. These skills and abilities are that sttgleame out
of mere passive recipients and executors of prompt
instructions. This, along with the capability of kirey
decisions and the relationship with the social,
environmental aspects and humanists, lead to Hetsring

by students.

ZOLLER says that the type of situation influencee th
manifestation of cognitive skills and characterthem in
two basic levels: cognitive abilities under orde®CS), for
example, know / recall or apply knowledge and athors

in family situations and cognitive abilities of higr order
(HOCS) as investigate, analyze and solve problenake
decisions, think critically, evaluate different usitions,
formulate hypotheses.

With this, Zoller[11], said that only with activ#s where
the learning process is built in conjunction andt no
deposited in the heads of the students, it is plessd
promote the development of higher order cognitkiéiss If
teachers continue to develop traditional methodekg
students will continue to only manifesting cogritiskills

of low order.

The work aims to analyze the influence of a casdysby
means of experimental research activities in areugpar
students learning and verify which cognitive al@ht are
developed by students to solve it. In additiong fout how
resolutions are related to issues involved in ttopgsal of
STS education humanist.

the

. METHODOLOGY

The pesquisa intervention is intended to investigat
collective actions, and these actions as they eelat
gualitative differences of each individual. In this
perspective, the intervention that can be madeanifous
forms, assuming a character partneranalytics[1Bgre he
meets teaching humanist advocating by Paulo Freire.

In this context, intervention is articulated to the
investigation in order to reformulate the knowledge
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acquired, either through the duality theory/praztior
subject/object relationship. This reformulation muse
mediated conflicts and differences between studants
teacher and between students and activity amorugsts,
teacher and activity, to allow for changes and stdjents
in the formation of subjects.

Based on the perspective of the pesquisainterventias
planned activity and developed. The methodologygase
study, where students presented a resolution faliodehe
chemical concepts worked in the experimental dgtiwias
used as a mode of research. The interventions pexde
through debates and discussions during the actiwitg
subsequent to the activity, with the aim of promgtia
strong interaction between Professor and investibat
object, promoting the reformulation of the initrélading of
the knowledge developed by the students.

Activity was developed in the laboratory of IQ raseh,
with students from the ninth semester of the acéem
program of 1Q, of the FCQel of the UAEM. The
participants were divided into groups of four stutde
Classes had lasted four hours and worked was legeluid
and basic, for the extraction of metals containedthe
WEEE.

The following study was developed for the actidfycase:
Location of WEEE. Case study. Situation of class.
Beginning of a class segment.

Teacher: Good day, we are going to start the clageung
people are going to give the class home... Pledseame
across the news that each year, about 300 thousasdf
e-waste generated in Mexico and | wonder, whatfitied
disposal of this waste is. | know that here atthméversity
comes a company and all takes it; | also know that
company is responsible for broken computers inpésts
and most sold them, but they don't know what towdt
the WEEE, then. What is the final disposition oktgh
wastes? and | immediately thought that the studthis
subject is an opportunity to begin from two angtbg; first
with a Green idea and the second recovery of véduab
metals by means of specific components of separatio
processes and metals present in computer equipahéhné
end of its useful life.

And then, | would like to propose as a challengddsign a
script of the practice of the laboratory to caroy this idea.
What do you think? (Silence)

Student 1: hear well

Student 2: what metals can have e-waste?

Professor: Gold, silver, copper.

Astonishment and laughter from students.

Professor: how about?

Several students: interesting
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Professor: you think if we put together the worarn®
Teacher: what is your opinion?

Several students: If you have to do it.

Teacher: Then let's go to form teams of four mesbadier
each team will devote to find in reliable sourceguired
and relevant information that allows us to writee th
screenplay for the practice and each week we wéll b
reviewing the progress of each team. Finally wé midke a
plenary to incorporate all the ideas and weaponsl fi
attack. What seems to them?

The initial research concerned with concepts leaghicid
and basic, specifically, reactions with metals sashAu,
Ag, Cu, Al, Fe, content on the computer (TCI) psiht
circuit boards. The case is baseless with regapbcts
socio and the approach to CTS. However, for theestilis,
the students read aloud the case and ProfessaraSpaior
discussion to heal some doubts. He stressed thathé&
preparation of reports, students must submit atisolfor
the proposed case and that there is no restrigtiothe
structure of the script, and that all observationsthe
experiment, should tell them, as well as the chamic
concepts involved.

Discussion and findings

Conformity classification of [13], the case used the
experimental activity is structured type, it exjlicshows
the problem to be resolved. However, under the
experimental research approach, the case can Iseleced
also as a case of several problems. This recleasdn is
justified by the tasks and procedures that studeats to
develop during the experimental activity, to ackiegsults
that allowed the same resolution.

For the analysis of the data was read from all ntspo
extracting information and fragments of their ovenniake
the analysis of the results and discussion. Asriest in
the methodology, we considered two reparse poattfirst
the research process of the students, togethertheticTS
approach humanist; the second time was considdred t
manifestation of cognitive skills by the students.

The problem of the analysis regarding the extractid
metals by means of solutions acidic and basic,ewelbp
reports, students should explain all involved cloani
concepts to the topic, as well as addressing tipeeatice
these explanations, and detail the experimentalguiares.

Table 1. Comparison between the results of the reports of each group in relation to the process of learning and contribution CTS

D

D

humanist.
TEAM | Process of Learning Contribution CTS humanist
1.He correctly explained the meaning of leaching psses. | 1. You redirect from the beginning all th
2.He correctly explained the meaning of basic andl §ci  explanation for the apprentice.
leaching. 2. He noted the benefits and disadvantagegy of
1 3.Explained procedures, reagents used and the systese leaching.
mounts. 3. I am a contextualization of the subject.
4.He presented photos of the system. 4. He concluded the results indicating the
5.He presented macroscopic evidence and some cqrrect apprentice.
chemical equations.
1.He correctly explained the meaning of leaching psses. | 1.You redirect all explanation for the apprentice.
2.1t properly explained the meaning of the basic aeil | 2.He noted the benefits and disadvantages of the
leaching. extraction of metals for leaching.
3.Explained procedures, reagents used and the sys@&Mmake contextualization of the subject.
2 assemblies. 4.He concluded the results indicating the
4.Presented macroscopic evidence and some cdrrecipprentice.
chemical equations.
5.Discussed between the two methods of leachingiefiy.
1. He correctly explained the meaning of leachind. You redirect from the beginning all th
processes. explanation for the apprentice.
3 2. Explained procedures, reagents used and the systtmHe concluded the results indicating the
assemblies. apprentice.
3. Presented the evidence and correct chemical egsatio
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1. He correctly explained the meaning of leach|ng
processes.
4 2. Explained procedures, reagents used and the system
assemblies.
3. Presented the evidence and correct chemical egsatio
Table.2: Main HOCS and LOCS devel oped by students during the resolution of the case.
CATEGORY
TEAM
A B C
HOCS: think critically, invetigate HOCS: reflect, analyze,
and apply the knowledge. |investigateargue, think criticallyf HOCS: conclude, make decisions, think critically
LOCS: describe and know, and explain. and make value judgments.
1 remember concepts LOCS: compare and correlate LOCS: remember and repeat concepts.
State.
HOCS: explain, reflect and HOCS: reflect, analyze,
investigate. LOCS: describe andnvestigate, argue, think critically, HOCS: conclusion and decisions. LOCS:
2 learn / remember concepts. and explain. remember and repeat concepts.

LOCS: compare and correlate

HOCS: not
LOCS: describe and learn to
remember concepts.

HOCS: reflect, analyze,
investigate, argue, think criticall
3 and explain. LOCS: compare ahd
correlate State.

HOCS: conclusion and decisions. LOCS:
remember and repeat concepts.

HOCS: explain and inferred.
LOCS: describe and learn to
4 remember concepts.

HOCS: reflect, analyze,
investigate, argue, think criticall
and explain. LOCS: compare ahd

correlate State.

HOCS: conclusion and decisions. LOCS:
remember and repeat concepts.

M. CONCLUSIONS
No doubt the use of case studies in the teaching of
chemistry can contribute greatly to the procesteafning
for students of all levels. This methodology magliwle
issues of a different nature, as for example, tiensific
and scientific, approaches CTS humanistic and tiogni
skills.
From the analysis of the reports submitted on tmecis
may suggest that the students managed to mix human
conditions and personal values, with the scientiiacepts
related to the activity. The importance given ine th
treatment the trainee indicates the idea of Fridfefhat
education should be a human process. Perhaps #isinat
the priority for students, but for the solution thie case,
these issues should be present in the reportsdditian,
relations with the technical applications demorstrthe
learning process developed during the resolutionthef
case, especially when the students explained theepbs
involved.
He was also observed in the resolutions of the, cakih
students have developed several different cognikibis.
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In certain situations the skills were of low ordas,describe
methodological procedures and materials used, rérmaem
the related concepts and leaching techniques emgloy
making decisions that were not a reflection onrédseilts.
When explored the chemical concepts involved in the
experiment for research, students were able to love
higher order cognitive skills, as for example, tunk
critically, inferring, and reflect on outcomes,
contextualized, apply and evaluate different situnest
connections. Above all, students were able to eethe
three axes of most of the explanations (macrosgopic
submicroscopic, symbolic) chemistry, using causal
relationships and scientific terms to build a brosalid and
critical learning.

Many of these considerations were influenced by the
approach of experimental research, since studemi® w
developing specific skills, such as unfold the pdwre for
analysis, mounting devices, observe the phenomgiualio
changes, analyze the data, to produce an inforeeatiport
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