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ABSTRACT

Science, technology and innovation play an essential role in helping countries increase the quality of life they
offer their citizens. Since the discovery of nuclear fission in the 30s, the peaceful applications of nuclear
technology have benefited several fields. Improved crops, preservation of food, health advance — specially for
the diagnosis and treatment of cancer —, environment protection and a stable supply of energy can be cited as
contributions of nuclear technology for global wellbeing. Despite its benefits the nuclear energy is still
addressed with prejudice. Accidents in nuclear field have contributed for its negative image. Prejudice against
nuclear energy lead to misconceptions on the theme, which interfere with authorities’ decision on the
development of new nuclear technology. Education is the starting point for public acceptance of nuclear
technology. Educational neuroscience is an emerging scientific field that explores the interactions between
biological processes and education and helps identify and change implicit associations. This paper aims to
demonstrate how the previous knowledge may interfere with the implicit associations towards a source of
energy. The first steps of a neuroscience-based methodology in progress are presented in this paper: a) a pretest
with specialists of the nuclear field; b) a subsequent test with lay subjects; and ¢) comparison of the results from
the pretest and test. A future step consists of applying neuroscience principles to Brazilian science teachers to
identify and modify implicit attitudes towards nuclear technology to promote an assertive teaching-learning
process The global educational scenario has demonstrated absence of neuroscience-based methods for the
nuclear technology teaching and that represents an opportunity for developing strategic teaching methods that
will help demystifying the theme consequently improving public acceptance of this type of technology. Once
the real scenario is demystified, the population will have a broad vision of all contributions of the nuclear field.

1. INTRODUCTION

Science, technology, and innovation play an essential role in helping countries increase the
quality of life they offer their citizens. Since the discovery of nuclear fission in the 30s, the
peaceful applications of nuclear technology have benefited several fields. Improved crops,
preservation of food, health advance — especially for the diagnosis and treatment of cancer —,
environment protection and a stable supply of energy can be cited as contributions of nuclear
technology for global wellbeing [1].

Despite all benefits that result from the peaceful uses of nuclear technology, it is still
addressed with prejudice by the society probably due to an incorrect and limited view of its
benefits [2]. Accidents in nuclear field have contributed for its negative image leading to the
formation of prejudiced beliefs and attitudes against nuclear technology [3].
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Holding prejudice against nuclear technology will lead to misconceptions and interfere with
authorities’ decision on the development of new technology. Nevertheless, the literature
states that prejudices — either explicit (conscious) or implicit (unconscious) — might be
avoidable, reduced and even reversed [4,5].

A key aspect to be considered regarding implicit prejudice is that although it is unconscious it
interferes with behavior and automatic responses [6]. The explicit prejudice may be easily
recognized by others; however, the implicit ones cannot be recognized except through
specific types of implicit memory tests.

The field of educational neuroscience has developed several types of implicit association tests
aiming to assess implicit prejudices that individuals are consciously unaware [7-10].

As far as prejudices are reported in the nuclear energy education scenario implicit
measurement techniques can be an effective tool to identify and measure prejudices against
nuclear technology

This paper aims to demonstrate how the previous knowledge may interfere with the implicit
associations towards a source of energy (nuclear and oil). The first steps of a neuroscience-
based methodology in progress are presented in this paper: a) a pretest with specialists of the
nuclear field; b) a subsequent test with lay subjects; and ¢) comparison of the results from the
pretest and test. This study demonstrates how educational neuroscience helps identify and
change implicit associations regarding nuclear technology.

2. MATERIAL AND METHODS

The first step of the methodology consisted of reviewing the literature about nuclear energy
education worldwide to have a clear visualization of the global nuclear energy educational
scenario and to serve as a reference for the design of the proposed methodology [2].

The second step consisted of selecting a reliable implicit memory test to measure implicit
attitudes [11]. Among the various types of tests reported in the literature, the Implicit
Association Test (IAT) demonstrated to be widely administered with successful results [12-
15].

2.1. The Implicit Association Test (I1AT)

The IAT is a chronometric procedure that measures the relative strength of associations by
contrasting latencies across conditions. It is designed to reveal the automatic associations
subjects hold between concepts (e.g. nuclear and oil) and attributes (e.g. good or bad) by
asking the participant to rapidly pair concepts and associated constructs [12].

The FreelAT software was used to administer the IAT proposed by this study [16]. By
following the steps provided by the FreelAT, a customized IAT was built aiming to compare the
implicit associations of participants towards the use of nuclear energy and oil.



For this purpose, the word stimuli for the first stimuli set was labeled and specified. Ten words
were chosen being 5 positive and 5 negative. The positive words (good) were: peace, safety,
protection, healthy, and joy. The negative words (bad) were: tragedy, horrible, bad, harmful,
and sadness. Additionally, the word stimuli for the second stimuli set was labeled and specified.
20 words were chosen being 10 for “nuclear” and 10 for “oil”. The words for “nuclear” were:
fission, radiotherapy, radioisotopes, neutron, uranium, Angra 2, radiation, reactor,
radiopharmaceuticals, and plutonium. The words for “oil” were: gasoline, kerosene, asphalt,
pre-salt, platform, Petrobras, pipeline, drilling, diesel, and fossil.

The IAT procedure has five steps, with steps 3 and 5 providing critical data. Typically, there are
40 trials within each critical block. The participants see the stimuli (words) that are presented
sequentially in the center of the computer screen and are asked to respond as fast as possible by
pressing the “E” key if the word belongs to the category on the left and the” I” key if the word
belongs to the category on the right. Participants perform this categorization task until all stimuli
have been presented several times.

During each trial, information is stored regarding the current stage, what stimulus was
administered, how long (in milliseconds) until a correct response was entered, and whether an
incorrect response was given. Two output files are created: the 'AllData.txt', containing raw data
from all trials and the ‘ScoresOnly.txt’, containing the most relevant "final" scores. The IAT
effect is calculated by using latency data from steps 3 and 5.

In order to demonstrate the steps of the IAT designed for this research, one example of possible
association will be provided in Figures 1 to 4.

Petrobras Tragedy

Figure 1. The concept dimension Figure 2. The attribute dimension

neutron

Figure 3. Concept-attribute pairing Figure 4. The categories are combined
in an opposite way



2.1.1. Pretest with specialists

The third step of the methodology consisted of administering a pretest. According to Hair et
al., when items of a measurement instrument are developed specifically for a study, a pretest
should be taken before the main experiment is carried out [17].

To measure the strength of implicit associations towards nuclear energy and oil a pretest
using the customized IAT was first administered to 24 specialists from the Nuclear
Engineering Center (CEN) at the Instituto de Pesquisas Energéticas e Nucleares (IPEN). The
pretest aimed to check the comprehension and consistency of the selected stimuli.

2.1.2. Test with lay participants

Subsequently, the customized IAT was administered to 29 lay participants and the results
were compared to the pretest with specialists. The administration of the IAT to lay
participants aimed to identify quantitatively the implicit associations towards nuclear energy
and oil. The results from the pretest with specialists and from the test with lay participants
were compared.

3. RESULTS AND DISCUSSION

3.1 Pretest Analysis

Aiming to check the comprehension and consistency of the customized IAT a pretest was
first administered to 24 specialists from the Nuclear Engineering Center (CEN) at IPEN. The
Cronbach’s alpha was applied to measure the reliability of the test.

The value of alpha ranges from zero (unreliable) to one (perfect reliability), with a value of
0.70 or greater considered acceptable for most purposes. Internal consistency should be
determined before a test can be employed for research or examination purposes to ensure
validity. Table 1 shows the rule for describing internal consistency using Cronbach's alpha
provided by George and Mallery [18].

Table 1: Cronbac - Nuclear
Bad

Internal Unacceptable Poor Excellent




Consistency

Cronbach's 0.5>a 06>a>05| 07>0>06 | 08>0>07 | 0.9>0>0.8 a>0.9
alpha

The Statistical Package for the Social Sciences - SPSS version 17.0 released in 2008 was the
software program used in this study to run a Cronbach’s alpha test [19]. The value of alpha
was 0.869, suggesting that the items have good internal consistency.

3.2 Comparison of Results of the Pretest and Test

This section presents and discusses the results from the customized IAT administered to the
specialists (pretest) and lay participants (test).

Of the 24 specialists, 87.5% demonstrated positive automatic associations towards nuclear
energy and 12.5% towards oil. The high percentage of positive associations towards nuclear
energy was an expected result since the subjects have deep knowledge about the applications
of nuclear energy (Fig. 5).

CEN - Centro de Engenharia Nuclear

Espedialists

Participants (24)

Figure 5. Representation of the scores of the implicit associations towards
nuclear energy and oil

Of the 29 lay participants, 15 demonstrated positive automatic associations towards nuclear
energy and 14 towards oil. The balanced percentage of positive associations towards nuclear
energy and oil may be due to the fact that the lay subjects have different degrees of
knowledge about the applications of nuclear energy from diverse points of view according to
their academic/professional background and life experience (Fig. 6). The following items of
comparison will contribute to this preliminary conclusion.
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Figure 6. Representation of the scores of the implicit associations
towards nuclear energy and oil

Regarding the academic background of the specialists, 100% of the physicists, 80% of the
engineers, 50% of the environmental experts demonstrated more positive associations

towards nuclear energy than to oil (Fig. 7).
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Figure 7. Representation of the scores of the implicit associations towards
nuclear energy and oil according to academic background

Regarding the academic background of the 29 lay participants, 19 respondents majored in the
field of Social Sciences, 6 in the field of Formal Sciences, and 4 in the field of Life Sciences.

Of the 19 who majored in Social Sciences, 10 demonstrated more positive associations
towards nuclear energy, and 9 had more positive associations towards oil. Again, the
balanced results may be due to the different academic/professional experiences (Fig. 8).
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Figure 8. Representation of the scores of the implicit associations towards
nuclear energy and oil according to academic background



Regarding gender, 14 specialists were male and 10 female. 85.7% of male subjects and 90%
of female demonstrated positive associations towards nuclear energy; however, the strength
of positive associations held by the female had higher values (Fig. 9).
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Figure 9. Representation of the scores of the implicit associations
towards nuclear energy and oil according to gender

Regarding gender, 16 lay participants were male and 13 female. 43.7% of male lay
participants and 61.5% of female demonstrated positive associations towards nuclear energy;
moreover, the strength of positive associations held by the female had higher values
(Fig. 10).
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Figure 10. Representation of the scores of the implicit associations towards
nuclear energy and oil according to gender

Regarding age profile, 12.5% of the specialists who demonstrated more positive associations
towards oil were over the age of 50 years. Younger respondents tended to demonstrate more
positive associations to nuclear technology (Fig. 11).
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Figure 11. Representation of the scores of the implicit associations
towards nuclear energy and oil according to age

Regarding age profile, of the 16 young lay respondents, aged 18-29, 9 had more positive
associations towards nuclear energy and 7 towards oil. Of the adults aged over 30 years, 7
had positive associations towards nuclear technology and 6 towards oil (Fig. 12). Once again,
the balanced results demonstrate the experiences of life and academic/professional
background interfere with the concepts and associations towards a theme.
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Figure 12. Representation of the scores of the implicit associations towards
nuclear energy and oil according to age

The results presented above demonstrated that the specialists tend to have more positive
associations towards the use of nuclear energy than towards oil. However, the lay subjects
had balanced results concerning the positive associations towards both sources of energy. The
balanced results may be due to the different degrees of knowledge about the peaceful
applications of the nuclear technology. Thus, if the lay public is provided with assertive
knowledge about the use of nuclear energy their strength of positive implicit associations
towards nuclear energy may increase, since the literature states that implicit associations may
be reduced or even reversed [4,5].

The results presented in this paper consisted of the first steps of a doctoral research in
progress, which aims to demonstrate how educational neuroscience helps identify and change
implicit associations of Brazilian science teachers regarding nuclear technology.



4. CONCLUSIONS

The present study concluded that: a) the IAT pretest administered to the specialists
demonstrated good internal consistency (Cronbach’s alpha reliability coefficient was 0.869);
b) the IAT comparison between the pretest with specialists and the test with lay participants
demonstrated that the previous knowledge interferes with the implicit associations towards a
source energy.

The steps of the methodology in progress presented in this paper have provided reliable data
for the next steps of the doctoral research.

A future step consists of administering the IAT to Brazilian science teachers to measure the
implicit associations towards nuclear energy and the results will be presented in future works.
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