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Abstract: Once modern society depends in large-scale of tifietievelopment, the degree of association betvesgentific
knowledge and attitudes toward science has histiprsocial and political implications. In this sens becomes crucial to
analyze the public attitudes regarding to sciere¢hase are related to the changing context ofhsfitepractices and their
implications for practical problems. Thus, we depeld a survey instrument that allowed us to agbessausal relationships
and correlations between conceptions, attitudessao-demographic factors in relation to sciemusing as a mediator theme
the genetic engineering. Among the socio-demogcapactors are included: gender, age, income, waligischooling,
consumption of information provided by the mediergeption of knowledge and personal experiencetffocomposition of
the sample, students from various undergraduatesesurom public and private institutions were seld. The data were
analyzed quantitatively by structural equation niioge The results show that the conceptions thappehave about science
directly and positively influence their attitudesviards science. The social factors have their viglgh on a much smaller scale.

Keywords: Science, Public Perception of Science, AttitudegaRging to Science, Statistical Indicators

organize because cultural factors must be takenaotount
in their preparation. Even though there are adapistof
international indicators, there is a need for \atiih of these
indicators in each of the countries in which iuged [5].

In Brazil, there is a very limited number of resdeas about
public perception of science, contrasting with ithh@ortance
that this theme has assumed in Europe and Unitgds36, 7].
these three dimensions [1, 2, 3, 4]. This can _bg dire(_:tly related to the lack of questig a_b_out the

The importance of these indicators is recognizedtiere o€ of citizens in the process of forming the sdfec and
are better definitions about its construction and€chnological innovations. Brazil doesn't havetthelition of
standardization, especially for developing coustri@he citizen's participation in debates and controversthat

adaptation of external indicators is fragile andfidilt to  nVoIve science.
It is in this context that we present the probldmesearch

1. Introduction

In our work, we aim to obtain a model able to sHuw
society perceives and interacts with science. imganse, we
consider that one of the fundamental concerns othyrevhen
trying to relate science, technology and societyths
development of indicators to assess the interagtimiween
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that will try to answer: which are the factors tlafluence
the attitudes of people in front of the scienc8iazil?

social and political
Attitudes to science are crucial in our societyzaaese they

Public Perception of Science: Mapping the CorgepBrazilian Undergraduate

through StraldEquation Modeling

implications that are fundamadn

Thus, this paper proposes to show results of aegurvcan start or stop certain fields [9, 10].

whose information could contribute to a theoretiedllection
on the development of indicators of public percaptof
science, assisting
instruments adapted to Brazil and bringing elemémtshe
definition of public policies in this area [1].

1.1. Objectives

We chose to develop the instrument about concepiidn

In this sense, it becomes essential to analyzattitedes of

the public front of science, because these ardeckle the
in the preparation of measuremechanging context of scientific practices and tlmiplications

in practical problems. Our worldview, the self-ingagf the
people, is mediated by our forms of scientific-tezlogical
development; a development which is one of the most
influential factors about the contemporary soc[ely

science from the perspective of biotechnology (mor@. Bases of the Theoretical Model

specifically in the area of genetic engineeringjcsiit is a
very controversial topic. Biotechnology is "a new
interdisciplinary field that encompasses Botanyplagy,
human medicine and pharmacy. The common denomiigator
the perception that the gene is present in modbdjial
processes" [8]. Biotechnology currently has theatizr of a
horizontal technology that penetrates and diffusea wide
range of sectors.

In this context, we can state that our goal isedfy, with
statistical reliability, if there is any causalkinr dependency
between the conceptions that people have aboutcsiand
their attitudes in front of it, mediated by someciab
indicators.

Thus, this article has as its specific objectives:

i. to present results of bibliographical researchesnfr

leading journals in the field (nationals and intgranals)

and proceedings of symposia and conferences abeut
major science concepts pointed out by literature;
ii. create probes that reflect a set of attitudes ae faf
science;
.raise the main social indicators that can impacthen
attitudes of people regarding to science;
iv.create an instrument of research and propose almbde
causality between the conceptions and attitude
mediated by social indicators;
analyze and validate this instrument,
completion of confirmatory factor analysis.
vi.assess the causality model via of structural egusti

From the results, we will see how people's conoepgti
about science and the social indicators impadteir aittitudes
in face of science.

Besides, it is worth mentioning that, despite reihg a goal
in this investigation, the results of this reseacen provide
indicators for the structuring of public policieslated to
development and scientific education. In additidhese
results can provide subsidies so that we can cautrgffective
changes in the educational system so that the atguican
make decisions about scientific issues of sociaratter,
helping to make it possible for citizen particijoati

V. through th

1.2. Background

Since the current society depends on large-scaatiic
and technological advances, the degree of assmtia¢itween
scientific knowledge and attitudes to science hatofical,

Two sets of indicators have been used to evalb&tS&T
culture: knowledge of science that people have Hoair
attitudes to science and technology. However, theieators
are limited and also been criticized [11, 12].

The concept used in these indicators is basededehign
of scientific knowledge as accumulation of knowledg
organized and certified as true [2].The biggesbfmm is that
measure scientific culture mainly by knowledge iested
from encyclopedic definition-based conception
18th-century culture.

Another important criticism is that often these meas do
not take into consideration the scientific and texbgical
know-how, which includes skill and understandings a
opposed to mere knowledge of the facts, nor thHéyatm deal
autonomously with technological artifacts of evaydife. In

of

@ddition, the focus is exclusively on the indivitiradicators

[13].

The best known are the American, published regulayl
the National Science Foundation and the Eurobammet
report, published by the European Union [11,12, R&cently
the Organization of Ibero-American States (OEIl) ahd
Ibero-American Network of indicators of Science and
;r'echnology (Rycit/Cyted) established some guidslifoe the
assessment of public perception of science in Hanarican
gountries and formulated an instrument. In 2003s thi
instrument was applied in Brazil, Uruguay, Argeatiand
Spain in a pre-test form and the results of thi®aech have
been published [2]. However, this instrument hat breen
used regularly to gauge public perception of s@eincthese
countries.

Another instrument that has been used to measwe th
public perception of science is the Oxford Scaldals three
dimensions that include: the contents, methods tre
understanding of the impacts of science and tecigyoln
society. It's a range of type true/false/l don'town but
according to [14], has some short comings, sineeAlbha of
Cronbach's of the constructs is low and therdtls kbility to
discriminate among respondents.

Based on the results obtained by the Eurobaromepert,
researchers have created the SL model (Scienttéedcy) [9].
This paradigm, also called deficit model, focusesh® thesis
of linear dependence between attitude vis-a-vissitience
and knowledge, i.e. the person's understanding tatimu
scientific world influences their attitudes to Swe [10]. In
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this approach, the positive attitudes of the pulfdant of
science depend on the public's familiarity with twntents
and the scientific method.

Analyzing several studies about the SL model (Sigien
Literacy), Allum et al. [14], found that although amy
qualitative and quantitative studies have examthedubject,

constructs, also called independent variables exagge once
its causes are external to the model under analMsiw the
attitude is considered a dependent variable or gamtuus.
Based on the theoretical recommendations of thgtado
method and starting from these relations, all theations
were tested. So, it was tested two alternative msanfgtained

the results are diverse and even contradictory.li®ub by exchanging constructs of place, an online limeadel in

skepticism in relation to technological innovatiosisch as
nuclear energy, microwave and genetic science appeae
markedly reduced if citizens understand more oférsm on
which they are based.

However, this deficitary model of relations betwserence
and the public domain has long been considered gntiic
from both theoretical and political as empiricalmiaf view
[15, 16]. One of its limitations is that it assumigt the

which the social factor influences the conceptiand these,
in turn, influence the attitudes of people.

The constructs "conceptions”, "attitudes" and 'alof@ictor"
and its forms of measurement are described inl detiaiw.

3. Methodology

Initially it is necessary to emphasize that our kvis

differences of understanding among the lay publid a divided into two phases:

scientists are a result of the greater public ignoe [17].
Thus, in order to assess the public perceptiogiefise in a
more democratic model, you must focus on a varigty
perceptions of science in different contexts [18l,19]. From
the educational point of view, the students miseptions
about science end up being attributed to deficendn
quantity and quality, curricular approaches and ¢heent

pedagogical practices, unable to transmit and ptemo

appropriate conceptions of Science [20].

In this way, it becomes crucial to be scientifigditerate
citizens so that they can understand and partipapublic
discussions of scientific topics and act fully indern society
[15, 21, 22, 23, 24].

However, the question remains: which types of gifien
knowledge citizens need to act in society? Or: hmgelect a
limited set of items that people should know? [25].

People should have a deep enough knowledge sthihat
are able to follow and participate in the discussiof topics

related to science [26].
Figure 1. Theoretical model.

SOCIAL FACTOR /

In this way, new items should be included systeradli for
an internal consistency of constructs. They shbeléhcluded
in aspects as: knowledge of the activities of ddien
institutions, policy of neutrality, the trust inience, science
policy effectiveness, risk perception and socidlies. [6, 10,
14]. The culture, economic factors, political andial values
and worldviews influence public attitudes to sciefitl]. It is
in this sense that we propose a model in which lbéh
conceptions about what we call the "social factariv cause
some impact on attitudes to science (Figure 1}hismmodel,
the conceptions and the "social factor" are theolital

i. first phase with qualitative approach: bibliogragathi
analysis undertaken according to content analysis
techniques aiming to create the instrument probes;

ii. second phase with a quantitative approach: in otoler
validate the instrument through confirmatory factor
analysis and examine it according to multivariate
techniques.

In order to show a better organization of the wonle

chose to present each of these two methodologiepk dn
two distinct sections.

3.1. First Step: A Qualitative Approach

This first stage of the research is based on aitgtia¢
methodology used to substantiate a first instrunadai¢ to
investigate the conceptions of science. To do serew
undertaken exploratory research techniques whaosevdi be
to bring together elements to the composition ef tlikert
instrument [27, 28]. In this sense, the theoreticanework
that will be featuring in this sequence has beeplozzd,
sorted, organized and interpreted according to nigcies
from Content Analysis [27, 28, 29, 30].

In sequence, all material has undergone a proé¢esstent
analysis and classification of data until they ai#d variables.
This work has been organized into three distinéep{30]:

i. pre-analysis: organization of the generated matanicha
floating reading for the categorization of the afxal
data.

ii. exploitation of the material: consisting of the teysic
administration of the decisions taken.

iii. treatment of results and interpretation: stage that
combines reflection, intuition and the empiricaltada
basis to establish relationships seeking resuts fraw
data, in order to become meaningful and valid.

From this process, the data passed through a coding
procedure that corresponds to a transformatioheofaw data
of the texts (carried out according to precisesulegy choice
of units, choice of categories and choice of thentiag rules,
thus, achieving a representation of the content,itsr
expression [30].

Starting with the data organized, it was undertakemn
categorization of the material that differentiates data to, in
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sequence, regroup them in two stages which coirsiie
isolation of the elements and in the same divisian
accordance with the rules imposed. The -categooizati
criterion was based on the theoretical referenndgfas kind
of strategy was adopted for a simplified repred@naof the
raw data, so they could be catalogued for latelyaiza

The results are shown in the following topics, het
creation of the assertions for model previouslynsitied.

3.1.1. Construct Conceptions

We understand as the conception of science tha betiefs
that a person has about science, whether of sciergeneral,
whether of a specific topic. However, this beliekd not need
to be directly connected to the knowledge on tpé&to

The knowledge of the process of scientific research
extremely important for a student to understandnideire of
science and the nature of scientific knowledge thnd may

have an effective participation in the decision-mgkabout
the scientific development [20].

In addition, opinions of individuals from topicslated to
scientific and technological development imply idist
conceptions of science [31]. For this reason, drteeothemes
selected to assist in the search for the publicgmion of
science was the area of biotechnology.

To classify and analyze the conceptions about seieve
rely on the work of Gil Pérez et al [32], but wendtaestrict to
him. In this way, we summarize six conceptions alscience
(Table 1), which we will be presented below. Thébeas
show limited and traditional views about science seientific
research. Despite this, they continue taking pathé social
imaginary and has been widely publicized by theimed the
textbooks used by teachers in the classroom, oarver the
internet.

Table 1. Assertions regarding the conception of science.

Conception of science Understanding of the concept

References

Empirical-inductivity and
untheoretical

Rigid

Non problematic and non
historical

Accumulative with linear
growth of scientific knowledge

Elitist and individualistic of
science (self employed)

Universalist

It is the most found vision in the literature, wlecience is seen as a neutral activity, devoi
value loads and practical commitments. Namely, asien and experimentation are n
influenced by a priori ideas of scientists. In tbisception the science is devoid of particu
interest both in its conception and developmenéesiilts.

In this conception, the scientific method is vievesdh set of steps to be followed mechanice
such as an algorithm used to assess the accetabijeneral propositions, showing rigorol
scientific process control. The science is considl@ccurate and infallible, algorithmic and

development is governed by a strict code of ratigna

Science is taken as a body of knowledge alreadgldped and presented in ready fori
without mentioning the problems that gave risd,tits progress and difficulties. It is a conce
widely used in schools, where the teaching pradiemomes linked to the frequent use of |
textbook and focused on memorization of mechanamicepts, descriptions, rules ar
mathematical formulas. STS relations are left aside

Science is seen as a progressive and accumulativess of rapprochement of truth, advanci
relentlessly and without equivalent alternativesyolution, complementing the rigid vision.
Science is seen as endowed with its own interigat I&cientific knowledge are regarded as
work of isolated geniuses, totally uninterested waiittiout goals, being that only the expel
have the ability to determine the direction of tralvance and no external aspect can influe
the development of science. The scientific workossidered reserved dominance to minorit
especially gifted and incomprehensible to the laplic. This is an elitist conception fairl
treated in the literature.

In this design, the results found by science afiel vagardless of cultural, political, social
economical context that generated or who will agply is formulated that the judgment of tF
relevance, usefulness or results of a work is isgreal and impartial.

[2, 32, 33, 34, 35, 36]

[2, 32, 35]

[20, 32, 37, 38, 39]

[2, 32, 33, 40, 41, 42]

[2, 32, 33, 43, 44]

[33, 45]

3.1.2. Creation of Probesto Conceptions

All the concepts presented above, in a greateresselr
degree, are part of the social imaginary, and g@npreventing
an effective public participation in decisions ihxing science.
In addition, there is a significant lack of undarsting of the
aspects of the scientific processes in the medid ian
Government reports [46]. Thus, it should be recogphithat
many audiences have different needs and interjesaabout
the science and take their decisions on the bésigferent
criteria [47, 48], which depends on the mediatiba selected

issue of science that can be more or less consiaV¢t9, 49].

For the composition of the assertions of the costr
"conceptions of science" we use two approaches. fifsie
geared toward a conception of science more gepdralied
on concepts presented previously and the secongifagon
biotechnology (more specifically genetic enginegyias the
mediator theme, for each of the six concepts pteden
previously, it was elaborated an assertion refgriinthat idea
(Table 2), which tries to synthesize it.

Table 2. Assertions regarding the conception of science.

Conception of science Assertion References
Empirical-inductivity and untheoretical Scientists discover new theories by observingteali [2, 32, 33, 34, 35, 36]
rigid Scientists are extremely strict in the use of tiergific method. [2, 32, 35]

Non problematic and non historical

Science learned in school has nothing to do wighdény-to-day.

[20, 32, 37, 38, 39]
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Conception of science Assertion References
chumglatlve i Ml Geiein @ The new scientific theories complement the old tieso [2, 32, 33, 40, 41, 42]
scientific knowledge

Bl nd e ieibciice Only scientists are competent to decide what shioellcesearched. [2, 32, 33, 43, 44]
(autonomous)

universalist The results of the genetic research can be apjgliady human being. [33, 45]

children's genetics, cloning).

.Religion: the image of biotechnology also involves

religious aspects, especially with regard to clgnin

abortion and, why not, miracles.

iv. Natural order: the natural definition contains amplicit
hierarchy of values and a set of limits for genetic
manipulation, especially human (monsters that db no
belong to natural order, chimera). The idea of tredt
depends on the individual but, generally speakiint,
considered that natural is good and unnatural © ba
(dangerous). To make decisions about biotechncdogy
used multiple natural conceptions. [51].

v. Personal genes: human body parts are personified, f
example, gay genes.

vi.Image of scientists: once the public refers torgcses for
information and understand the various aspects and

3.1.3. Construct Attitudes

In many parts of the world, the intersection betwee
biotechnology and the public interest has beenngoitant
topic to understand the relationship between seieand
public. Issues such as genetically modified food,
manufacturing and pharmaceutical license, clomjpugstions
about health risks, social consequences and moral
acceptability, among others, affect and are aftechy
individuals and companies. Besides economy, realigiod
science are the main issues that have implicattonpublic
debate about biotechnology [50].

In this area, the controversies have left the ietstt area of
discussion of experts and become a major issueeiptblic
arena, radically changing how people perceive thmg
organisms and opening powerful precedent for geneti

manipulation [8]. o applications of biotechnology, the image that thblic
Thus, biotechnology can be seen through six imgfis has about them becomes important for decision-ngakin
i. Promise: in this category we have 2 ideas: théewiould [50].

be an image of promise linked to the progress ieihse
(revolutionary impact on science, revolution in ricatk)
and the second a promise linked to an economiofactggiantific risk [52].

(applications in agriculture and pharmaceuticalisicy Therefore, in addition to the six assertions presrn

involving great fortunes, the human genome as a bigypie 1, we developed three more related to beegenetic
deal). engineering and six relating to knowledge in theaarThe

ii. Negative image: could be a fear not specific 10 &rohes with the relevant references are presentéile 3.
particular technology (pandora's box) or fear lohke a

specific theme (fear that parents manipulate their

In this way, people's opinions about biotechnologgy
reflect general attitudes about the role of scieand the

Table 3. Assertions related to biotechnology and genetidrergging.

Attitudes in face of science  Assertion References

Homosexuality is a genetic trait.
Genetic engineering The crime trend has a genetic origin. [53]
The benefits of genetic engineering are greater itisanegative effects.
In the early months of pregnancy it is already fdego know if your child has a genetic diseaseatr
More than half of human genes are identical toglaihimpanzees.

Knowledge in the area of The cloning of living creatures produces identlgihgs.

biotechnology [31]

It is impossible to insert animal genes in plants.
It is possible to transplant a piece of liver.

It is possible to create an organ from stem cells.

perception of knowledge, age and personal expergerithe
choice of each of these categories was made framenb
analysis, as explained earlier, and the rationale €ach
category is Table 4.

3.1.4. Social Factor Construct

For the composition of the assertions of the "ddaiztor”,
we use again the theme of genetic engineeringrasdiator
and selective factor in eight issues: sex, incoreégion,
education, information conveyed by the media comign,
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Table 4. Assertions related to social factor

Category Empirical evidence for choice References
One of the factors that can influence attitudescience is the question of genre. Stud
show that male students have more positive attituide science than the female
specially during the primary and secondary edunathn explanation is based on tt
fact that normally the boys are stimulated in ati&is that involve the rationality
independence and objectivity, while girls are stated in the verbal activities an
interpersonal relationships, focusing on emotiod swbjectivity. On the other hand, tt
interaction with models of women scientists stinesapositive attitudes towards scien
and scientific careers in women. However, the gehorild not be used as a direct fac
for attitudes. When variables such as educatiosl land religiosity are placed in th
model, the effects of variable genre seem to disapp

Religious beliefs may conflict with social aspettput different views about the natur
identity, separation between species or aboutégehing of human life, that can impa

Gender (Sex) [9, 12, 54, 55, 57]

REfer heavily on people's attitudes about science. Thus,expected that watching religiot 2, 50 2
programs is referenced in a negative way with fabler attitudes to science.
Age Personal experience about genetic engineeringfteat the attitudes of people. Age ar
Socio-economical level (income) socioeconomic status are variables that must bentako consideration. People wit [15, 25, 59, 60, 61, 62]
Education different socioeconomic levels, ages and schodimge different personal experiences
Consumption of information Currently people watch TV, listen to the radio,itvieuseums, access the internet, re
conveyed by the media popular magazines and chat with friends and calileago get information about scienc

These medias are great sources of information smentific research to the public ar

the members of the scientific community outsidertlagea of expertise. This type c

media differs from the textbooks adopted in schostuld feature the "frontier science

controversial and which is still settling, making baidge between the scientifi

community and the public at large, especially wébard to recent scientific discoverie [15, 25, 52, 58, 59, 60,
It is, however, questioned the effectiveness ofséheneans in providing a soli 61, 62, 63, 64; 65, 66,
foundation of knowledge whereas who decides whahshwill broadcast are journalisi 67, 68, 69, 70, 71, 72,
themselves. Another aspect of this factor that bame an effect on attitudes is tt 73, 74].

perception of the person in how much someone kramwsares about science. In oth

words, the perception of uncertainty, which is sglg associated with negative emotiol

such as concern and anger can influence in pras@bijudgment about some event

expected result.

Considering the mediator theme as genetic engimgegersonal issues are important

factors in the regulation of conceptions and atetiof individuals against science.

Perception of knowledge

Personal experiences

Based on the theoretical survey and with the jostibns engineering.

presented previously, the chosen assertions were: For the creation of the research instrument, otherks
a)Gender (male, female) contributed in formatting the ideas. Among whiclghtights
b)Age the work of Aikenhead for the elaboration of ingtents of
c) Course perception of science [75, 76, 77, 78], and otheleted to the
d) Year of admission in the course sociology of science and technology [79, 80, 81,82 84,

e)Religion (Catholic, Protestant, Evangelical, atheis 85].
spiritualist, other)

f) Do you consider yourself a religious person? (ye$,

g)How often do you participate in religious activitie
(often, occasionally, once in a while, don't paptite)

h) Some member of your family has a genetic diseass? (
no)

i) Do you have a friend or relative who has had (eeh#o

3.1.5. Research Tool

The research instrument is composed by 15 assgrtion
regarding to the “conception of science”.

The scale used was built by Rensis Likert in 1982 i
composed of a set of assertions in which resposa@eatasked
to point to one of 5 response options: stronglyagiise,
do a transplant? (yes, no) disagree, agree or disagree, | agree and | agrepletely. In

j) How often do you talk to your friends about sciéhce order to treat them quantitatively, it's given a)tsa:ranging
(often, occasionally, once in a while, | don't Usua from 1 to 5, where 1 = strongly disagree, 2 = disag3 = do
comment) not agree nor disagree/don't know, 4 = agree and &gree

k) The frequency (every day, a few times a week, a fegPmMPIetely. _ _ _
times a month, every once in a while, no costunce) y It is noteworthy that the Likert scale is considkran
watched, read or listened to programs which addre&&dinal scale, because the origin of the numbershat
scientific themes in the last three months in tieWwing measure is arbitrary and the distance betweenuimbars are

media (TV, radio, print magazine, newspaper printnot €qual [86].
internet) This scale presents many advantages to the research

) Rate of 0 to 10 your degree of knowledge about tiene being easier and faster to be built, with each itgong
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through an empirical test to verify their capalabt of
discrimination, as well as providing a greater nembf data
compared to other scales [87].

Accordingly, we chose the structured questionnaéeause
it takes less time to be answered; it is easi@ntwer; it has
anonymity and avoids guesses from the intervie®@y. [

The validation of the instrument must be done ia tvays:
theoretical validation and semantic validation [86]

For the theoretical validation of both Likert scaksertions
and the questions, we asked seven experts (anteduweo
physicists, two engineers, a psychologist and aerdider) to
analyze them in order to verify the appropriatersfshese to
the proposed theme [89].

For the semantic validation of assertions and dueEstwe
invited 17 college students to answer the questivanThen,
an interview was conducted with each of them ineorth

Thus, with the Structural Equation Modeling, ipisssible
to test the fit of the data to a given model. Westhhowever,
highlight the fact that even if the setting is watcepted, other
models may provide equally good or superior adjestim
reason for it being convenient to consider altéveamodels
("rivals™) in studies of course also supported bylics
theoretical basis in the field of knowledge of ffeenomenon
focused [93].

4. Methodology

Initially it is worth mentioning that our work isivdided
into two phases:

4.1. Characteristics of the Sample

Since this work is focused on the education sedciar,

verify that they understood each assertion and segknie consisted of college students from variusses in

suggestions for improving the instrument. In additithere
was also the time required to complete the questioa.

3.2. Second Stage: Quantitative Approach

Our research is characterized by a quantitativeesuiT he
advantage of this method is to raise a large amaiint
information with a certain statistical reliabilitQaur data were
obtained through a sample survey, with closed guesand a
Likert scale, and the data were analyzed usingivauiate
statistical methods.

More specifically, we will perform a statistical @pach
called "Structural Equation Modeling" (SEM), beoaus
allows the researcher to test hypotheses of reksiips
among variables. Much of the attractiveness oftéitnique
is due to its generality and flexibility [90]. Fhermore, the
application of structural equation modeling is segjgd to
evaluate the relationship between design, attitaehessocial
influences, as this analysis will assess the emeasures and
test direct and indirect relationships betweenethédogenous
variables more accurately, carefully exploring dlivection of
causal relationships [58, 91].

The concepts of conception, attitudes and socialdnces
that are dormant cannot be measured directly, fdyttbrough
some indicators. The Structural Equation Modelilhgyes the
researcher to model these latent constructs taktogccount
that the measurements of indicators contains errors

So we can use the Structural Equation Model, wet alss
divide our work in two stages. The first refergtie creation
of the measurement model, i.e., determining whiafiables
measure which constructs, since these cannot benaus
directly. By construct, we understand:

"An abstraction that the researcher can defin@iteptual
terms, but which cannot be measured directly (exig.,a
single response that represents the concept diteryebr be
measured without error (...) it is the ‘most pupsssible
representation of a concept” [92].

Then we create the structural model, which allowsta
establish causal relationships between these sanstracts.
This model is supported by a solid theoretical basesented
in the previous sections.

the exact sciences and natural sciences, regawfi#iss year
of admission.

The survey technique used was the cross-sectinidg]y
used which has as basic feature the collectiomfofmation
of all variables simultaneously [94]. It is notewwy that the
sample was not probabilistic, since the probabitify an
individual belonging to the sample is not known,[98].

Regarding the sample size, although there is ne@rgén
agreement for the sample size, the amount of 2@0bkan
suggested in some studies [90]. The authors, eviatipg out
that there is not a sample size considered comsmymmend
the adoption of a number between 100 and 200 oasens.
However, the authors also point out that, in theea# a model
WITHOUT the sample size, this should be, more igihyc a
value that meets the minimum ratio of at least fagpondents
for each estimated parameter, considering moreoappte a
proportion of ten respondents per parameter [81].

Our sample consisted of 1658 students in undergtadu
courses of Campinas, Mogi-Mirim, Mogi Guacu, Indaim,
Itu, Santa Béarbara d'Oeste, S&o Paulo and SaosCaiere
20,4% came from public colleges and 79,6% belomqgitate
colleges.

Besides, 43,3% (718) were male, 56,6% (939) werale
and one person did not answered this question.aVeeage
age was 25 years with a standard deviation of 6at¢sy The
minimum age of the subjects was 17 years and maxisl
years.

The subjects studied are spread over 44 undergedua

degrees, as shown in Table 4.

Table 4. Undergraduate courses

Course Frequency Percentage
Pedagogy 314 18,9
Administration 287 17,3
Nursing 119 7,2
Production Engineering 106 6,4
Computer Science 93 5,6
Technologist in Logistics 79 4,8
Administration - Foreign Trade 79 4,8
Mechanical Engineering 54 3,3
Technologist in Human Resource 44 2,7
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Course Frequency Percentage
Management
Business management 41 2,5
Environmental Engineering 41 25
Environmental Management 36 2,2
Accounting 35 2,1
Information Systems 34 2,1
Chemical Engineering 32 1,9
Control Engineering and Automation 31 1,9
Not answered 31 1,9
Nutrition 30 1,8
Technology in Analysis and Systems

29 1,7
Development
Physical Education 27 1,6
Psychology 25 15
Electrical Engineering 16 1
Leisure and Tourism 11 0,7
Obstetrics 10 0,6
Others 54 3,2

The courses with more representation in our samele
teaching (18.9%), administration (17.3%), nursin@%o) and
production engineering (6.4%). The courses thattalow
statistical significance were classified as othevhjch are
Biological Sciences, Engineering (unspecified), dd¢ology,
Physics, Dance, Literature, Geography, Mathematics,
Industrial Engineering, Marketing, Information Techogy

(IT), Mechatronics Engineering, Visual Arts, Food
Engineering, Philosophy, Degree in Chemistry, BS in
Chemistry, History, Social Sciences, Public Policy

Management and Bachelor in Science.
Figure 2 shows the distribution of subjects aceumgdo the
year of admission to the undergraduate program.

40,0% —

30,0% —

20,0% —

Porcentagem

10,0% —

0,0% —

2009 2008 2007 2006

0,1%
1 T 1

1
2005 2004 2003 2002 2001 2000

Ano de ingresso

Figure 2. Year of admission in the undergraduation course.

The distribution of subjects according to their $ehold
income is shown in Table 5.

Table 5. Household Income

Income Frequency Percentage
Up to R$ 1.500,00 356 21,5

From R$ 1.500,01 to R$ 3.000,0C 654 39,4

From R$ 3.000,01 to R$ 5.000,0C 360 21,7
Above R$ 5.000,01 265 16,0

Not answered 23 1,4

By Table 5 we find that 60.9% of respondents hafaavaly
income up to R$ 3,000.00.

The distribution of subjects according to theirigien is
presented in Table 6.

Table 6 shows that the subjects are distributed26n
religions, most of which are Catholic (58.9%), éolied by
Evangelical (19.9%). On the other hand, 73.4% @i7)
people consider themselves religious, while 25.3%9]) said
they are not.

The frequency of the subjects participating in gieliis
activities is presented in Table 7.

Table 6. Religion

Religion Frequency Percentage
Catholic 976 58,9
Protestant 45 2,7
Evangelical 330 19,9
Spiritualist 118 7,1
Atheist 50 3,0
Another - without specifying 48 29
Other 44 2,7
None 12 0,7
Not answered & 2,1

Table 7. Frequency participating in religious activities

Religion Frequency Percentage
Often 603 36,4
Occasionally 259 15,6

Some times B3 34,6

| do not participate 222 13,4

Not answered 1 0,1

Through Table 7 we find that 36.4% of the subjetdsn to
participate to religious activities frequently. @ri13.4% said
they did not participate in activities of this kind
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Regarding personal experiences, only 24.4% (405) of Table 8 shows the frequency of consumption of imfation
respondents said they had a family member with reetie  about science in the last three months, separatedebia of
disease and only 28.6% (475) said they had a feemdlative ~ communication.
who has had (or have) needed to do a transplant.

Table 8. Frequency of consumption of information about smein the last 3 months

IR @ T Every day Sometimes a week Sometimes a month Occasionally | have not read, seen  Not answered

Frequency

v 246 580 285 456 74 17
(14,8%) (35,0%) (17,2%) (27,5%) (4,5%) (1,0%)

Radio 111 164 141 492 702 48
(6,7%) (9,9%) (8,5%) (29,7%) (42,3%) (2,9%)

Printed magazine 49 382 413 524 261 29
(3,0%) (23,0%) (24,9%) (31,6%) (15,7%) (1,7%)

Newspaper 88 303 268 558 411 30
(5,3%) (18,3%) (16,2%) (33,7%) (24,8%) (1,8%)

Internet 470 508 257 324 86 13
(28,3%) (30,6%) (15,5%) (19,5%) (5,2%) (0,8%)

Through Table 5 we find that 28.3% of people watlchescience, with 42.3% of people said they heard rognams
programs or read about science in the whole intéméhe through this media in the last three months. Oneothesis
last three months and 30.6% did it so a few timesgeak. for this might be the Brazilians do not usually hea the
Adding these two groups, we have 58.9% of peopl® whradio (or hear only music).
watched programs on the Internet at least sevérast a With regard to conversations with friends abouesce,
week. The TV was in second place with 49.8% (143%5:0). 12.4% (205) reported that often, 25.9% (429) stthatl they

Regarding magazines and newspapers, people usado rtalk occasionally, 35.8% (594) said that from timeetime
about science in this media a few times a montbnoe ina and 25 7% (426) said they do not usually commewuab
while. This can be explained by the fact that sonagazines science with friends. Only 4 (0.2%) subjects faitedanswer
are published monthly and printed newspapers damatys this question.
address questions related to science in all itdoedi The

radio seems to have little importance in the dissation of ~4-2- Frequency Analysis

Table 9. Frequency of consumption of information about stéein the last 3 months

Assertion answers

Assertions 1 2 3 4 5 Not answered
The benefits of genetic engineering are greater their 65 200 781 513 88 11
negative effects. (3,9%) (12,1%) (47,1%) (30,9%) (5,3%) (0,7%)
Homosexuality is a genetic trait 547 393 387 237 60 34
' (33,0%) (23,7%) (23,3%) (14,3%)  (3,6%) (2,19%)
In the early months of pregnancy it is possibl&riow whether 50 134 414 779 276 ®
or not the child has a genetic disorder. (3,0%) (8,1%) (25,0%) (47,0%) (16,6%) (0,3%)
The results of genetic research can be appliedytdvaman 167 389 627 321 142 12
being. (10,1%) (23,5%) (37,8%) (19,4%)  (8,6%) (0,7%)
It is possible to transplant only a piece of liver 96 124 765 352 276 45
’ (5,8%) (7,5%) (46,1%) (21,2%) (16,6%) (2,79%)
— _— N 66 236 679 527 146 4
Scientists are extremely strict in the use of tiergific method. (4.0%) (14,2%) (41,0%) (31,8%) (8,8%) (0,2%)
It is possible to create an organ from stem cells 34 88 674 613 217 32
' (2,1%) (5,3%) (40,7%) (37,0%)  (13,1%) (1,9%)
More than half of human genes are identical toetafs 158 185 840 358 98 19
chimpanzees. (9,5%) (11,2%) (50,7%) (21,6%)  (5,9%) (1,19%)
. . . . . . 274 360 488 405 111 20
The cloning of living things produces identicalrgs. (16,5%) 21,7%) (29,4%) (24,4%) (6,7%) (1,2%)
N . 89 239 663 548 105 14
The new scientific theories complement the old tieso (5,4%) (14,4%) (40,0%) (331%)  (6.3%) (0,8%)
Scientists discover new theories observing reality. 42 122 389 896 167 42
’ (2,5%) (7,4%) (23,5%) (54,0%)  (10,1%) (2,5%)
The tendency to crime has a genetic origin 665 4s7 355 119 45 17
' (40,1%) (27,6%) (21,4%) (7,2%) (2,7%) (1,0%)
. . . 123 340 283 757 135 20
The science learned in school has to do with oaryelay. (7.4%) (20,5%) 17.1%) 45,7%)  (8.1%) (1,2%)
Only scientists have authority to decide what stida 415 666 321 200 52 4
researched. (25,0%) (40,2%) (19,4%) (12,1%)  (3,1%) (0,2%)
166 234 1063 136 56 3

It's impossible to insert animal genes in plants. (10,0%) (14,1%) (64,1%) (8,2%) (3,4%) (0,2%)
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Table 9 shows the responses of the subjects itiael® the In relation to the six questions regarding knowksdge
assertions of the research instrument. found that in 5 of them, most of the answers wdaeed in

By Table 6 we found that 81.2% of the subjects shad the category of “don’t know”. They are: is it impilsle to
they would use genetic tests to detect diseasdsasicancer insert animal genes in plants (64.1%), more thalfi df
or neurological diseases before they appear, V@3i16% said human genes are identical to those of chimpanZs&23%),
that it is already in the first months of pregnanhgt tests is it possible to transplant just a piece of theedi(46.1%),
can tell if a child has or not a genetic diseasetHermore, you can create an organ from stem cells (40.7%) taed
67.8% agree with the introduction of human gendsaicteria  cloning of living things produces identical bein(@8.2%).
to produce a drug or a vaccine, 59.5% donate tiead (or In addition, 47.1% could not assess whether thefiisrof
genetic material) for scientific research and 53.6%m it genetic engineering outweigh its negative effedts)y say
should be allowed to create embryos to develop stells. they do not know if scientists are extremely stiicthe use
On the other hand, 47.4% agree to use genetic mlatign  of the scientific method, 40% if new scientific ties
of embryos at the request of parents so that tiéidren do complement old theories and 37.8% were unable foeop
not develop genetic disorders, while 17.3% agreastit to whether the results of genetic research can beeapfd any
choose the physical characteristics. human being.

We also found that 84.3% of subjects surveyed db no When asked about their level of knowledge abouetien
consider it right to allow companies to use genetigluation engineering the mean note was 4.6 with a standewiiibn
in the selection of its employees. In addition,584.did not of 1.99. The minimum score was 0 and the maximum 10
agree to develop genetically modified animals farppses
of scientific research in the medical field and 148.
disagreed with the introduction of human genes &ninals  confirmatory factor analysis aims to verify whickt of
to produce organs for human transplantation. ThEp a gesertions actually measure the construct analyzedthis
consider that neither homosexuality (56.7%) nontémelency  55)ysis we selected only those subjects who rambreled to
to commit crimes (67.7%) are genetic charactesstic all questions. Thus, the analysis now has 970 refes.

We also observed that 64.1% agree that scientistewer All parameters were estimated by the Unweightedst.ea
new theories observing reality, 53.8% say that rede Squares Method (ULS).

learned in school is related to the everyday lifile 65.2%
disagree that only scientists have jurisdictiomdézide what
should be researched.

4.3. Confirmatory Factor Analysis

Table 10 shows the remaining variables in the mdaiel
each of the constructs and the values of theirfsignce.

Table 10. Measurement model

Construct Variable (assertions ou indicators) Factor charge t (p-value)
The benefits of genetic engineering are greater their negative effects. 0,545 26,348 0,0207
It is possible to create an organ from stem cells. 0,434 21,753 0,0200
The results of genetic research can be appliedytdnaman being. 0,425 21,345 0,0199
It is possible to transplant only a piece of arive 0,375 19,131 0,0196
More than half of human genes are identical toghaischimpanzees. 0,335 16,942 0,0198
. . In the early months of pregnancy it is possibl&rtow whether or not if the child 0333 17197 00194
Conception of Science  has a genetic disorder.
Scientists discover new theories observing reality. 0,328 16,036 0,0204
The cloning of living things produces identical iogs. 0,282 14,269 0,0197
The science learned in school has to do with ewsryite. 0,258 13,008 0,0199
The new scientific theories complement the old tieso 0,247 12,282 0,0201
Scientists are extremely strict in the use of thergific method. 0,226 11,473 0,0197
Homosexuality is a genetic trait. 0,192 10,153 0,0189
Attitude To introduce human genes into a bacterium to predaccines or drugs (e.g. 0551 26,827 0,0205

insulin for diabetics).
| would donate my blood (or genetic material) foiestific research. 0,509 24,915 0,0204

Would use genetic tests to detect diseases suzdmasr or neurological diseases
before they appear.

The creation of embryos to develop stem cells shbelallowed. 0,466 20,750 0,0225
To use genetic manipulation of embryos at the reigofethe parents so that their

0,505 23,885 10,0211

children do not develop genetic disorders. 0,449 20,676 0,0217
Devgloplpg genetically modified animals for purp@sé scientific research in the 0.448 19,959  0,0225
medical field.

Introducing human genes into animals to producearuargans for 0,444 10423 00229

transplantation.
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The values of significance of the test t preseiméethble 1
are below 0.05 for all the indicators evaluatedjidating
good convergent validity, i.e., the indicators aepable of
measuring each of the constructs.

The assertions "allow companies to use genetiauatiah

11

friends was eliminated.

The other questions that initially comprised thecial
factor" were eliminated since they were related the
consumption of information through the media.

Table 11 shows the incremental adjustment measures

in the selection of its employees" and "using gdenetthe global model.

manipulation of embryos at the request of pareotsttieir
children to have certain physical characteristiosshsas eye
color" were excluded from the attitude construct.

This can be explained by the fact that 84.3% of tt weighted chi-square
subjects surveyed disagree that one should allo&v { RMSEA

companies to use genetic evaluation in the seleafaheir
staff. When we perform comparisons by groups (geraige,
course, year of entry, religion,...), we didn't dfinany
significant differences between the groups withardgo this
question. In this way, we can say that the sampsgmted in
this assertion is homogeneous.

In relation to "use genetic manipulation of embrgbghe
request of parents for their children to have @erpdysical
characteristics such as eye color" we found th& &7 the
subjects tend to disagree, and that those whocjpaté in
religious activities more often tend to disagreerewnore.
Again, in any of the other questions addressedhénsurvey
there was any significant difference between treugs, so
that the sample presented here is homogeneousesiéind to
this assertion as well.

In the construct "conception”, the assertions "thiene
trend has genetic origin", "only scientists haweésgiction to
decide what should be researched" and "it's implesgb
insert animal genes in the plant” were excludethftbe final
model.

Among the subjects surveyed, 67.7% disagree that
crime has a genetic origin (Table 6), and those aitend a
Production Engineering course and have age oveye2ts
are the ones who most disagree with this assertion.

Table 11. Goodness of Fit model measures.

Measures Values Acceptable values
2,128 <3,0
0,0341 RMSEA < 0,08

GFI 0,981 >0,9

AGFI 0,975 >0,9

NFI 0,951 >0,9

NNFI 0,978 >0,9

CFI 0,981 >0,9

All adjustment measures of the model proved todttalsle,
as shown in Table 2. To evaluate the unidimensitynal the
constructs, we observe if each value in the arfastandard
residues of each construct is small (less than,2d58a
significance level of 5 percent). Looking at thdueaof the
CFI, we note that only 1.9% of the residue has evalbove
2.58, what is appropriate.

To evaluate the internal reliability of each counstr we use
the Cronbach’s alpha, which is presented in Tabld-ar the
calculation of the value of alpha we consider titaltsample
of 1658 subject.

Table 12. Cronbach’s Alpha constructs

Construct Alpha
1 Conception 0,628
Attitude 0,667
Social factor 0,810

For the question "only scientists have competerme t Through Table 3 we can see that the values of aipkach

decide what should be researched", 65.2% disatp&izng
into account that those considered spiritualidt®sé who
participate in religious activities more often atmbse who
talk about science with friends tend to disagreenemore.
Those who attend to Administration less disagres those
with 25 years or more are the surveyed that masfiee.

In addition, 64.2% of the subjects responded "damiw"
in the assertion "it is impossible to insert gefresanimal
plant’, and those with income above $3,000.01 témd
disagree less, showing that it was not a good ti@seto

measured construct are above 0.6, indicating gdagtation
of the measurement model.

4.4. Sructural Equation Modeling

On structural equation modeling, the relations adsality
were tested between the constructs in five difiereadels:
theoretical model, alternative model A, alternatimedel B,
alternative model C and alternative model D.

In this part of the analysis the sample remaine®10

measure conception (knowledge). In none of the roth&&SPondents who answered all questions.

guestions addressed there was any significant reifte

For the measurement of each of the constructs wsezd

between the groups, so that the sample presentechea only the indicaFors that the C(_)nfirmatory factorabysis
considered homogeneous with regard to this assertio showed to be suitable, as shown in Table 1, andaremeters

It is noted that the remaining variables for thenposition ~Were estimated using the method of Unweighted Least

of the “social-factor" refers to the consumption ofoduares (ULS).

information broadcast by media. The conversationhwi 1able 13 shows the incremental and global adjustmen
measures for each one of the tested models.
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Table 13. Adjustment settings of each model

Public Perception of Science: Mapping the CorgepBrazilian Undergraduate

Measures Theoretical Model Model A Model B Model C Model D
Weighted chi-square 2,128 6,158 2,126 2,128 2,126
RMSEA 0,0341 0,0730 0,0341 0,0341 0,0341
GFI 0,981 0,912 0,980 0,981 0,980
AGFI 0,975 0,889 0,975 0,975 0,975
NFI 0,951 0,780 0,950 0,951 0,950
NNFI 0,978 0,771 0,977 0,978 0,977
CFI 0,981 0,804 0,980 0,981 0,980

By table 4 we observed that the theoretical model the

is the best, we analyze the loads of factorialhefstructural

alternative model C had the best settings. To @ewiiich one model and the R2 of both as shown in Table 14.

Table 14. Assertions related to biotechnology and genetidrereging.

Model Endogenous variables Exogenous variables Coefficients t sig R2
Conception 0,944 40,207 0,0235
Theoretical model Attitude 0,864
Social factor 0,0654 5,312 0,0123
Attitude Conception 0,907 42,338 0,0214 0,723
Alternative model B
Social factor Conception - 0,219 -19,176 0,0114  0,0479
Conception - 0,656 -3,391 0,193
Alternative model C Social 0,0893
Attitude 0,438 2,263 0,193
Conception Social factor -0,219 -26,285  0,0083 0,0479
Alternative model D
Attitude Conception 0,907 18,560 0,0489 0,723
In the theoretical model, we see that the variamicéhe On the other hand, the theoretical model presents

endogenous variable (attitude) explained by exogeno significant coefficients indicating proof of relatis among the

variables (conception and social factor) is 86.4%o&ding to

the R2 obtained. In models B and D it is 77.1%, anthe

alternative model C this variance explained is §198%.
Similarly, the regression coefficients of the moGdias not

shown to be significant, i.e. they did not presemalues models B and D.

greater than 1.96 considering a significance lefeD.05.

Thus, we cannot say that there is an empiricalesdd of the theoretical model.
relationships among constructs set out in altevadflodel C.

established constructs and, according to the waftlee CFl,
presents only 1.9% of residues with values abous8 2.
(considering a significance level of 0.05). In dibdi, the
theoretical model offers greater variance explaitiexth the

Figure 3 shows the structural model obtained frdm t
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Figure 3. Structural model obtained from the theoretical mode

In the model obtained, we checked through the toefit
shown in Table 36 that relations between attitudesl
conceptions are positive, that is, the more peaglee with
the assertions regarding conceptions (“the benefitgenetic
engineering are greater than its negative effectd”,is
possible to create an organ from stem cells”, “temesearch
results can be applied to any human being”, “ftassible to
transplant just a piece of the liver”, “more thaiflof human
genes are identical to those of chimpanzees”, Hm aarly
months of pregnancy it is possible to know whetherchild
has any genetic disease”, “scientists discover thewaries by
observing the reality”, “the cloning of living creses
produces identical beings”, “science learned inosttas
nothing to do with the everyday life”, “the new ectific
theories complement old theories”, “scientists exgemely
strict in the use of the scientific method” and ftmsexuality
is a genetic trait”), the more people tend to agméth the
assertions related to attitudes (“introduce humaneg into
bacteria to produce drugs or vaccines”, “donatendbldor
scientific research”, “use genetic tests to detéstases such
as cancer or neurological disorders before theyeapp
“allow the creation of embryos for stem cell deyat@ent”,
“genetic manipulation of embryos at the requegiaknts so

that their children do not develop genetic dise€asdsvelop

genetically modified animals for purposes of sdfent
research in the medical field”, “introducing humgenes in
animals to produce human organs for transplant”).

The social factor also showed a positive correfatiith the
attitudes, according to the coefficient of TableHawever, it
is worth mentioning that the option "every day" ftire
consumption of information was encoded with codéorl
entry into the database. This code is the samerdbkd option
"disagree" of the assertions. In this way, we canthat the
more a person has seen, read or heard programadiiegss
science over the past three months, whether onrddip,
printed magazine or newspaper or internet, the nibes
person tends to disagree with the assertions delabe
attitudes.

Thus, we can say that the media has provided a toase
make people more critical with respect to the dewelent of
genetic engineering.

5. Final Considerations

In this study, our goal was to verify, with statsat
reliability, whether there is any causal link orpdadency
between the conceptions people have about scienttéhair
attitudes in front of it, mediated by some soaiai¢ators.
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In this way, for the completion of the survey, wada a
bibliographical review about the ideas that pedyee about
the science, their attitudes in front of it and thecial
indicators that could have some impact in thisti@teship.
With that, we were able to develop a theoreticatiehdhat
represents relations between "conceptions”, "d&sl and
"social factors". We also made four alternative pisdto
compare with the theoretical model.

To test and evaluate these models, it was buidtsearch
instrument consisting of fifteen assertions regaydi
"construct" conception, nine probes pertaining attitudes"

In this way, we can conclude that there is a linear
dependence between attitude vis-a-vis the scienog a
conceptions, which can send us the deficit modeklwéier,
in this model, the rated construct is only the msiifie
knowledge in the sense of "accumulation of knowéedg
encoded and certified as true" (Vogtand Polino,308etting
aside controversial questions. What we measure as
conception in this work includes some assertioffesting to
knowledge, but most refers to beliefs about scieand
genetic engineering present in the social imagin(@ryich
cannot be classified as true or false). Thus, a@miance

and seventeen questions (open and closed) thatdwouwlith the beliefs presented refers us to more faiera

measure the "social factor".

Through confirmatory factor analysis,
eliminated three assertions of the construct "cptioe",
leaving the assertive: “the benefits of geneticiesgring are
greater than its negative effects”, “it is possitilecreate an
organ from stem cells”, “genetic research resubis be
applied to any human being”, “it is possible tansplant just
a piece of the liver”, “more than half of human gerare
identical to those of chimpanzees”, “in the earlgnths of
pregnancy it is possible to know whether the chitg any
genetic disease”, “scientists discover new theorigs
observing the reality”, “the cloning of living creases
produces identical beings”, “science learned inosttas
nothing to do with the day to day”, “the new scifiot
theories complement old theories”, “scientists exgemely
strict in the use of the scientific method” and ftmsexuality
is a genetic trait”. Once the adjustment indicataf
measurement proved to be suitable, as well as dhee\of
Cronbach's Alpha for this construct, we can coreltiht the
indicators mentioned above actually measure thestoact
"conception”.

In addition, we conclude that the assertions “ithtrce
human genes into a bacterium to produce pills acines
(e.g. insulin for diabetics)”, “donat blood (or gdic material)
for scientific research”, “use genetic tests toedediseases
such as cancer or neurological disorders befonedppear”,
“allow the creation of embryos for stem cell deyat@ent”,
“genetic manipulation of embryos at the requegiatnts so
that their children do not develop genetic dise€asdsvelop
genetically modified animals for purposes of sdfent
research in the medical field” and “introducing ramgenes
in animals to produce human organs for transplaaré
sufficient to measure the construct "attitudesicsiboth the
Cronbach's Alpha and the measures of adjustmentintdd
measurement were suitable for this construct.

The social factor was restricted to matters regatm the
consumption of science information conveyed by rttegia:
TV, radio, magazine and newspaper (print and iet@rn
However, this factor also showed a good fit andafpha
value of 0.810.

Analyzing the structural model obtained, we coneltdat
the beliefs that people have about the science gametic
engineering has a high impact on their attitudeaireg
genetic engineering. The impact of the social fad®

significantly lower, although still important.

attitudes to the development of genetic engineering

there were We also noted that 65.2% of the subjects survejsaycke

that only scientists have competence to decide whauld
be researched. They believe that people shoulitipate in
decisions about which topics should be researdteding to
select the goals and development of researches.

The media types covered in this research (internef,
magazine, newspaper and radio) differ from thebimoks
used in schools as the "frontier science" whicstilssettling,
making a bridge between the scientific communityd dme
public at large, especially with regard to receciestific
discoveries.

In this sense, the consumption of information about
science through the media (social factor) reveads, tas the
consumption gets higher, more critical and cauticitizens
become with respect to the development of genetic
engineering. In the deficit model occurs precisehe
opposite: the public resistance to certain breakifins of
science is based on ignorance, superstition and Heaing
no influence of personal values. Thus, in this nhodeis
believed that the knowledge of science encouragese m
positive attitudes.

However, what we see seems to go against the defici
model, that is, the more the person consumes irtom
about science and, therefore, we imagine, the ntbee
person knows, he/she becomes more cautious widrdeg
the advancement of science, perhaps due to thedhek
cultural stereotype positive for science.

On the other hand, when we assess the frequendy wit
which the subjects talk about science with friends
observe that those who talk most often have morer#ble
attitudes, since they tend to agree more in daiaie bloods
(or genetic material) for scientific research, t®ewenetic
tests to detect diseases before they appear, liodinting
human genes into a bacterium to produce pills aatlit is
possible to create an organ from stem cells. Thoke
usually comment about science with friends tendisagree
more about the introduction of human genes in alsirt@
produce human organs for transplant and in relatiothe
development of genetically modified animals forgases of
scientific research in the medical field.

Despite the questions relating to religion have neén
included in the structural model, we find that theye
important in the separation of attitudes towardsrse. We
found that most evangelicals disagree with the kbgveent
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of genetically modified animals for scientific raseh

purposes, that homosexuality is genetic, that niloae half
of human genes are identical to those of chimpanzew
that the cloning of living organisms produces idmaitbeings.
Also, they tend to agree less with the use of genests to
detect diseases before they appear, with the inttamh of

human genes into bacteria to produce drugs or nescivith

the creation of embryos for stem cell developmeuat that in

the early months of pregnancy it is possible tovknehether
the child has any genetic disease or not.

In addition, those who consider themselves religitand
to disagree more in introducing human genes in alsirto
produce human organs for transplant and in devedppi
genetically modified animals for purposes of sdfent
research in the medical field. On the other hahdsé¢ who
do not consider themselves religious tend to agree with
the use of genetic manipulation of embryos so tieit kids
don't develop genetic diseases, are favorabletmdacing
human genes into a bacterium to produce pills,waltbe
creation of embryos for stem cell development drat it is
possible to create an organ from these.

Those who participate in religious activities marfen
tend to disagree more in introducing human genesimals
to produce human organs for transplant, in usingetie
manipulation of embryos for their kids to have a#rt
physical characteristics and that homosexualitp igenetic
trait. Also tend to disagree more on development
genetically modified animals for purposes of sdfent
research in the medical field.

So, in our analysis, those who are evangelicatoasider
themselves religious persons or participate motenobf
religious activities have attitudes less favoratol@ards the
development of genetic engineering, corroborating idea
of Nisbet et al. (2007), in which it is expecteaitho attend
the religious programs is referenced in a negatiag with
the attitudes toward genetic engineering.

In relation to personal experiences, we find thasé who
have a relative with a genetic disease tend toeagrere in
donate their bloods for genetic research. In aaljtithe
group that owns a family member or friend that hadio a
transplant tends to agree more that in the earlpthsoof
pregnancy it is possible to know whether the chitg any
genetic disease or not and also donate their bl@dgenetic
material) for scientific research. In this way, #geriences
may be indicative of separation between some d#gu

In addition to these, gender also seems to be dioaitive
variable of separation, since we find that men heae
favorable attitudes; they tend to agree more with use of
genetic tests to detect diseases before they gppéidr
introducing human genes into a bacterium to produite
and with the creation of embryos for stem cell dayment.

Regarding to the income, we observed that the highe
person's income, the more favorable is the attitof¢his
person towards science, because those with inco
exceeding R$5,000.01 tend to agree more than whédhe
allow the creation of embryos for stem cell devetept, to
donate their bloods (or genetic material) for stfien
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researches, in introducing human genes into a baateo
produce pills or vaccines and that the sciencenéshrin
school is related to the day by day. Also, theyltendisagree
less in relation to the development of geneticaligdified
animals for purposes of scientific research in thedical
field.

The variables ages, courses, years of admissiod, an
perceptions of knowledge seem to be more relatdabliefs
(more specifically to knowledge) than to attitudsisice the
differences found between the groups in these bl@safocus
on knowledge-related assets, not attitudes.

Thus, we concluded there is a causal link between
conceptions and attitudes and between social faatwt
attitudes. However, we cannot highlight the conitidfin of
the social factor (media), especially when theyadressed
controversial topics that are not taught in school.

The media have a major responsibility as a souifce o
information and opinions former about science fibzens,
not only for its persuasive effects, but also viae t
relationship between entertainment and social itjent
mediating a set of social relations. In this wahe t
communication of science should not be summed ymss
knowledge to the lay public, but cease to be fowugin
knowledge itself and be directed to the needs efptblic,
taking into account the social context.

The results obtained in this research can congilbwutthe

adevelopment of indicators of public perception oface in

Brazil, in addition to providing subsidies to cargut
effective changes in the educational system so that
population can make decisions about scientific tioles of
social character. In this sense, public educatiguicies
should no longer be aimed as a "correction" of dbgnitive
deficit".
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