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Resumo:

Feirasdeciéncias oferecem uma oportunidade paraestudantes compartilharem
seus projetos cientificos e praticarem diversas habilidades. Além disso, o
julgamento e a premiacao sdo partes importantes do processo, fornecendo
retorno e reconhecimento aos participantes. Para manter a imparcialidade
na competicdo e evitar reforcar desigualdades sistémicas, é crucial examinar
o cenario atual das feiras de ciéncias. Este artigo analisa o impacto de
fatores sociodemograficos no desempenho discente na Feira Brasileira de
Jovens Cientistas. Focando em género, raca, nivel de inglés, tipo de escola
e localizacao, modelos de regressao linear e logistica foram utilizados para
prever as notas e os prémios dos participantes. Os resultados sugerem que
o tipo de escola e o nivel de inglés, caracteristicas associadas ao acesso a
recursos, influenciam significativamente o sucesso na competicdo. Vale
ressaltar que o Unico critério que nao apresentou diferenca significativa nas
pontuacdes para essas varidveis foi o da ideia do projeto, indicando que
pesquisas inovadoras, propostas por alunos menos privilegiados, podem ter
sido prejudicadas pela falta de recursos para seu desenvolvimento. Ao lidar
com essas disparidades, organizadores de feiras e formuladores de politicas
publicas podem promover oportunidades mais equitativas e incentivar novos

cientistas, independentemente de sua origem.

Palavras-chave: Equidade. Premiacdo. Acesso a recursos.
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Abstract:

Science fairs allow students to showcase their scientific endeavors and practice
important skills. Additionally, judging and awarding are essential parts of the
process, providing feedback and recognition to participants. It is crucial to
examine the current landscape of science fairs and identify potential areas for
improvement to maintain fairness in the competition and avoid reinforcing
systemic inequalities. We explore this issue by analyzing the impact of socio-
demographic factors on students’ performance in the Brazilian Fair of Young
Scientists. Focusing on gender, race, English level, school type, and location, we
use linear and logistic regression models to predict students’ scores and awards.
The results suggest that school type and English level, features associated with
access to resources, significantly influence success in the competition. Notably,
the only criterion that did not show a significant difference in scores for these
features was the one about the project idea, indicating that innovative research
questions from underserved students may have been hindered by a lack of
resources for project development. By addressing these disparities, science
fair organizers and policymakers can foster more equitable opportunities and

encourage the next generation of scientists, regardless of their background.

Keywords: Equity. Awarding. Access to resources.
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1. Introduction

Science fairs are an opportunity for students, primarily from middle and high school, to
explore their scientific interests. The fairs allow students to reach beyond the realm of their school
curriculum and participate in the unique experience of something new on their own (Abernathy;
Vineyard, 2001). As part of the process, students develop a research project, which provides
them with early exposure to the scientific method. This approach of conducting a research project
and presenting it at a science fair helps students develop key skills like communication, problem-
solving, and critical thinking (Da Silva Gallon et al., 2019; Schmidt; Kelter, 2017).

The primary goal of the science fair is to pique students’ interests in research and learning.
The freedom to choose their projects, enabling a hands-on learning experience, is a particularly
attractive factor of science fairs. However, students do not only learn from their own projects.
By meeting participants from various regions and backgrounds, depending on the scope of the
science fair, students receive exposure to different perspectives. Along with that, the reaffirmation
of a job well done through awards and prizes encourages and inspires students to continue in
the field of science (Magalh&es; Massarani; Rocha, 2022). However, such inspiration can be hard
to achieve if the underlying foundation of the fair is biased towards certain social groups. Thus,

maintaining fairness in the competition is crucially important for its success.

Considering the importance of the topic, only a handful of recent studies have been
done to address this issue. Those are mostly focused on the judges’ perspective (Adams, 2011;
Kiddell, 1987; Levin; Levin, 1991) or limited to analysis of specific characteristics, primarily gender
(Mcdonnell, 1996; Sonnert; Sadler; Michaels, 2013; Steegh et al., 2019). For instance, Adams
(2011) attempts to find if there is a statistically significant disparity between the scores of judges
of the same or different discipline as the project. On the other hand, Sonnert, Sadler, and Michaels
(2013) and Steegh et al. (2019), limit their analysis to the disparity of scores due to gender and
not other factors like race or quality of education. While these studies are important, they do
not demonstrate the full scope of the issue. In this paper, we go in-depth into the problem
by exploring evidence of biases in students’ performance at science fairs based on their socio-

demographic background.

A few studies intended to investigate the important factors determining success in science
fairs, but all of them were done in the 1990s and might not reflect the current landscape.
Bellipanni (1994), for instance, investigated whether receiving awards at the International Science
and Engineering Fair (ISEF) could be predicted from variables including resources and facilities.
Similarly, Gifford and Wiygul (1992) tried to understand how much use of outside facilities and

resources impacts the science fair awarding results. Czerniak (1996) used different variables, such
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as demographics, anxiety, and parental influences, as predictors of success in a district science fair
in the United States.

Expanding on this research, we hypothesize that such biases on science fairs stem from
the historical marginalization of certain social groups - related to gender or race, for instance
- or the dependencies that projects demand in order to excel. Enabling a science project for a
student requires appropriate mentors proficient in the field and, for some research fields, specific
materials and facilities such as laboratories and computers. However, access to these resources
may not always be distributed equally among all the participants. In most science fairs, there is no
factor that acknowledges this discrepancy, which could then result in an unequal distribution in
performance of the students of unprivileged backgrounds. Therefore, we use data from a national
Brazilian science fair to answer our research question: Do participants of certain demographics

have a palpable advantage going into the competition?

2. Methodology
In this section, we discuss the source and nature of our data, their privacy protection
policy, and the analysis tools used. Our research methodology constituted of the following steps:

* Retrieving data from the repository of the Brazilian Fair of Young Scientists;

* Collecting data about social vulnerability and income per capita from governmental
databases;

* Performing exploratory data analysis (proportion and average calculations);

* Creating statistical models that describe relationships between success-measuring
variables (award, scores) and participants’ socio-demographic factors;

* Interpretation of results from the statistical models.

2.1. Data

The analyses in this paper used three different data sources, with the crucial information
coming from a Brazilian science fair and supporting data from governmental databases. Each of

them is presented in detail below.

2.1.1. Science Fair Data

The datasets contain data for the three first editions (2020, 2021, and 2022) of the
Brazilian Fair of Young Scientists (Feira Brasileira de Jovens Cientistas — FBJC in Portuguese), an
online national science fair in Brazil. All participants consented to share their information with the
institution and third parties for research purposes.

* One of the datasets consists of information about the participants (n = 1941), stored

anonymously. The data includes event year and participation status (selected, not
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selected, and finalist), along with features self-reported by the participants on the
fair's website in specific and standardized fields that enforced data validation for the
authenticity of the information:

* Gender: options “Male,” “Female,” “Non-binary,” and “Other”;

* Race: options following the Brazilian Institute of Geography and Statistics conventions
(IBGE, 2019);

* English level: options “Basic,” “Intermediate,” and “Advanced/Fluent”;

* School: previously registered schools were displayed as options, and participants had
the option to add a new one if needed.

* City and state: options pre-populated from a government’s database (respective cities

only displayed after selecting the state);

While the first dataset includes data for all students who submitted a project to the scien-
ce fair, the two other ones are only for finalists (n = 1264). The second dataset records scores
reported from the judges’ analyses of the projects. All judges had research experience, and most
were graduate students or university professors (with Master’s or Doctorate degrees), and were
accepted to judge at the event after going through a selection process. Scores ranged from 0
(non-existent/very poor) to 5 (excellent) and were given based on the event’s standards, with spe-

cific and detailed criteria and sub-criteria, which are available on the fair's website.

The last dataset contains data about different awards provided to the projects (n = 531)
by the events’ coordinators. We only analyzed the awards that are considered the most presti-
gious: the 1st, 2nd, and 3rd places in each research field. The awards were distributed to the top
30% of the projects, with projects in the top 5% of the scores getting first place, the next 10%

second, and the next 15% third place.

To improve the quality of our analysis, we excluded data points of students that belong to
groups with n < 25. This resulted in a reduction in our dataset to n = 1841 students, with n =
1221 being confirmed finalists. We understand that this filtering may result in the loss of some
important information, particularly of underrepresented students, such as non-binary people.
However, since conducting analysis from small sample groups can bring inaccurate results, we
opted for a more robust data modeling process, leading to more reliable conclusions. We strongly
encourage other researchers to explore the students who are not represented in this analysis, as

the goal is to make science fairs more inclusive.

2.1.2. Supporting datasets

Two additional datasets were used to aid the location-based analyses. One of them was

obtained from the Continuous National Household Sample Survey (PNAD-Continua) conducted
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by IBGE (2021). The data consists of the nominal monthly household per capita income of the
resident population in 2021 for each Federation Unit (state) in Brazil. The second dataset is the
Atlas of Social Vulnerability from IPEA (2019). The most relevant feature of this dataset for our
purposes is the Social Vulnerability Index (SVI), which is an arithmetic mean of the indices of
three dimensions: income and work, urban infrastructure, and human capital. Both datasets are
publicly available. We decided to work with these two datasets because per capita income and
SVI have been used in other studies as indicators of access to resources (Carmichael et al., 2019;
Fekete, 2009; Nassif-Pires; Carvalho; Lederman Rawet, 2021; Noorderhaven et al., 2004; Posel;
Rogan, 2009). We incorporated both indicators in our analysis to regulate their individual benefits
and limitations: while we have SVI data from 2015 for each city, the dataset of per capita income

is for each state but is more recent (2021).

2.2. Data management and privacy

In order to allow other researchers or interested parties to better understand this work’s
research process, we share a repository with the code used for the analyses presented in this
paper. However, to protect students’ privacy and be in compliance with the Brazilian General Data
Protection Law (LGPD, particularly considering Article 7, Clause 1V), we are not sharing the data.
Instead, we provide sample data files with fictional data points that make it possible to understand
the data format and run the code. While we understand the importance of replicability, since the
data used here contains sensitive information and a relatively high number of features, it could be

possible to identify some data points through triangulation even after anonymization.

2.3. Analysis

We focused our analysis on 6 features of our students’ data: gender, race, English level,
school type, city SVI, and state income per capita. These were chosen because they relate to
our goal (investigating socio-demographic factors) and have a large enough sample size for the

groups within. All analyses were done using the R language.

The code used for the analyses presented in this paper is available on the project’s GitHub

repository.

2.3.1. Descriptive statistics
We performed four major calculations in the relevant features:
* Number of Students: group counts of the total number of students who submitted a
project to the event;
* Acceptance Rate: percentage of students that submitted a project and were accepted
to go to the next round of the competition;

* Average Score: unweighted mean score of all judging criteria for the student’s project;

vy
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* Award %: proportion of participants that got an award.
It is relevant to note that while the two first items take into consideration all the students

who submitted a project, the last two ones are only applicable to confirmed finalists.

2.3.2. Inferential statistics

To better understand whether certain groups have significant advantages in the judging
and awarding process, we created linear and logistic regression models to predict students’
performance based on the four variables that came from the science fair dataset (school type,

English level, race, and gender).

For award prediction, we followed Sonnert, Sadler, and Michaels (2013) and ran a logistic
regression with the binary outcome, of being awarded or not awarded. We then analyzed the models
using ANOVAs and subsequently ran pairwise comparisons with Bonferroni correction to check the
significance of the differences. To predict the score, we ran a linear regression model with the score
as a continuous dependent variable and also tested an additional linear regression model with an
interaction. A similar subsequent analysis was conducted, but instead of predicting the final average
score, we created models to predict scores of each judging criterion (Presentation; Introduction;
Methodology; Results and conclusions or Product; Writing; and Project Aspects). The goal was to

investigate whether the pattern for the overall score would be the same for the individual criteria.

Finally, we used the per capita income and SVI datasets to conduct a location-based

analysis, examining whether those indicators could be used as predictors of the project scores.

3.Results and Discussion

As demonstrated by Figure 1, some groups represented a larger share of the participation
in the event. In particular, students from public federal schools, students with a Basic English level,
White students, and female students had a considerably higher number of finalists compared
to the other demographics in their respective groups. This may indicate facilitated access to this
type of event to particular groups. The case of students from public federal schools is relevant,
considering that these schools serve less than 3% of the Brazilian student population (Inep, 2022),

but have the highest representation in our data.

We also noted some relevant patterns when analyzing the award distribution within each
group for the different variables, as shown in Figure 2. For school type, Public Federal schools
call attention again, with over 40% of the finalists in that group receiving an award, a much
higher proportion than the other school types. Students with Advanced and Intermediate English
levels also had higher proportions of awards than students with Basic knowledge of the English

language, despite the higher participation in the absolute number of finalists of the former group.
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For race, an important observation is that despite the low participation of Black students, this was
the group with the highest proportion of awarded students compared to students of other races.

Finally, the award proportion was very similar for both genders.

The results of the acceptance rates calculations did not bring many interesting insights,
since the acceptance rates for all groups were very similar (around 60 to 70 %). We mention them
in the next subsection as support for the other results, but the specific results are presented in
Table 1 of the Appendix.

Figure 1: (left) - Number of Confirmed Finalists from each group.

Figure 2: (right) - Proportion of awarded participants from each group.

Figure 3 presents the unweighted average scores for the projects in each group and

for each variable (a), along with the coefficient estimates of the linear model we ran (b). These

v«
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visualizations support the descriptions of results in subsections 3.1 through 3.4. The results from
the ANOVAs of the models analyzing each judging criterion were mostly similar to the model
using the overall score. Therefore, we generally only report the results that deviate from the overall

results, and the specific values from the other analyses are reported in Table 2 of the Appendix.

(a) b)
Figure 3: (a) Mean project scores by a group for each of the variables (the original scale of scores is
from 0 to 5); (b) Coefficient plot of the Linear Regression model (the conditions not shown in the plot
were the default values for the model, so the coefficient estimates are in comparison to them). For both

graphs, the error bars indicate a 95% confidence interval.

3.1. School type

Federal Schools displayed the highest acceptance rate, average score, and award percen-
tage among all school types. The ANOVA result indicated that the difference in the results was
significant in the models for predicting scores (F = 18.12, p < 0.001) and awards (p < 0.001).

For the score model, the T-test pair-wise comparison with Bonferroni Correction showed
that the Public Federal school type was significantly different from the Private (adjusted p <
0.001) and Public State (adjusted p < 0.001) school types, while the difference between Public

State and Private was not statistically significant (adjusted p = 1).

The same pattern emerged for the award model, in which the pair-wise T-test comparison
with Bonferroni Correction showed that the Public Federal school type was significantly different
from the Private (adjusted p < 0.001) and Public State (adjusted p < 0.001) school types, while the

difference between Public State and Private was not statistically significant (adjusted p = 0.29).
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Finally, for the criteria analysis, there was only one criterion that was not statistically signi-

ficant for school type: “Project Aspects” (F = 1.04, p = 0.353).

3.2. English level

In the English Level category, students with the Advanced level had the biggest acceptance
rate, the highest average score, and also the most considerable award percentage. The ANOVA
results for the score model showed a significant difference (F = 9.87, p < 0.001), and so did the
ANOVA for the award model (p = 0.001).

The pair-wise T-test comparison between all the levels in the score model demonstrated
a particularly significant difference in the other levels compared with Basic (p < 0.001 when
compared with Advanced, and p = 0.004 compared with Intermediate). However, there was not

a significant difference in the Intermediate and Advanced pair (p = 1).

Similarly, the pair-wise comparison of the award model illustrated a greater difference
between the Basic level with the other two levels (p = 0.003 against Advanced and p = 0.020
against Intermediate) and not a significant difference between Intermediate and Advanced (p = 1).

The results of individual criteria models indicated significant differences for all criteria,

showing the same pattern as the overall score, with the Basic level having statistically lower scores.

3.3. Race

For the Race variable, White participants have a bigger acceptance rate (81%), while Black
participants had the greatest average score (3.92). The regression and ANOVA results were mixed,
since the ANOVA for the score model (F = 3.79, p = 0.023) depicted a significant difference in
scores among different races. However, the results from the linear regression and the ANOVA for
the award model (p = 0.686) told a different story. For the pair-wise comparisons in the score
model, none of the comparisons were significant (p > 0.05). To further explore this, we created
an additional model adding the interaction between Race and School type, which showed the
interaction is statistically significant. As illustrated by Figure 4, scores for Black students present a
different pattern from the others, with the lowest scores for Public Federal schools, while White
and Brown students from Public Federal schools have instead the highest scores compared to the

other school types. These results are inconclusive and can be explored in further research.

The results indicating that White students did not had an advantage over students of other
races, as we hypothesized, may be because the White race was overrepresented (as it consists
of 64.4% of the finalists but 42.7% of the country’s population, according to IBGE, 2020) and
the other races were underrepresented. With that, it could be the case that the Brown and Black
students who had the opportunity to be finalists at the science fair were not “average students,”

but instead high-achieving ones.
_______________________________________vew |
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For the criteria analysis, the only criteria that differed from the pattern encountered for
the overall score were Methodology (F = 2.585, p = 0.076) and Results (F = 2.398, p = 0.091),

which did not show any significance.

Figure 3: (a) Mean project scores by Race and School type (the original scale of scores is from 0 to 5).

3.4. Gender

Females had the highest acceptance rate and the highest average score in the gender ca-
tegory. Again, the regression and ANOVA results were mixed, with the score model (F = 4.564,
p = 0.033) indicating a significant difference, but the award model (p = 0.870) not showing
statistical significance. This difference in the models is likely due to the categories’ division in the

science fair, which can be further investigated in future research.

The finding that female students had similar performance as male students is in line with
the literature, considering that most studies investigated award outcomes and not scores. Re-
garding connections between students’ gender and performance at science fairs, Steegh et al.
(2019) conducted a systematic review and found that male and female achievement in science

fairs was similar.

In the same line, Sonnert, Sadler, and Michaels (2013) found that even with females making
up more than 60 percent of the participants in a specific science fair, girls and boys were equally
likely to be awarded. The researchers found the scientific field to be the most relevant predictor of
success in the science fair, with projects in the life sciences having more chances of receiving an
award. This is an interesting point to note because science fairs in Brazil are generally organized
by scientific fields, with projects mostly competing only with other projects in the same field and

each field receiving its respective awards.
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The different criteria models revealed significance for Introduction (F = 3.490, p < 0.062),
Methodology (F = 1.518, p = 0.218), Results (F = 0.1425, p = 0.706), and Project Aspects (F =
1.6350, p = 0.201), while the criteria of Presentation (F = 10.01, p = 0.002) and Writing (F =
17.121, p < 0.001).

3.5. Location-based analyses

When using the per capita income of the student’s state as a predictor of the score, we
found that it was not statistically significant according to the model (t(1217) = 0.133, p =
0.894). Similarly, when using SVI as a predictor for the score, the model indicated only a marginal
statistical significance (t(1208) = -1.874, p = 0.061). Although per capita income and SVI can be
considered related to access to resources, we suppose these were not significant at the 0.05 level
because we didn’t have enough data points for every city or state and also because city and state
may not portray the students’ realities specifically. The later explanation is supported by the result
that SVI, which comes from city data and therefore is more specific than the state’s income per

capita, was marginally significant, while the income model was not significant at all.

4. Further discussion

The results indicate that school type and English level were important predictors of success
in the competition. This pattern suggests a disparity among students from specific types of schools

and with a better domain of the English language.

It is important to note that both school type and English level are related to having more
access to resources. Federal schools in Brazil receive more funding (with more than twice the
investment per student), have more qualified teachers (many holding Ph.D. degrees), more science
laboratories and other scientific resources, and generally encourage more scientific research
compared to other types of schools in the county (Inep, 2019; Inep, 2020; Spautz, 2019). Similarly,
since the education of English as a second language in Brazilian schools is usually unsatisfactory,
students with better English levels tend to be the ones who either can pay for a language course

or are particularly motivated and can self-teach the language (Martiniano, 2021; Jareta, 2015).

Interestingly, the only criterion that did not present a statistically significant difference in
scores for school type and English level was “Project aspects.” That is a relevant point because this
criterion is the only one that evaluates the idea more than the final project, with its sub-criteria
being relevance, impact, creativity, and innovation. This supports the idea that students from state
and private schools, as well as the ones with a basic English level, had promising ideas but did not

have the necessary resources to develop their research projects.
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Regards the relation between awards in science fairs and access to resources, results of
studies such as the ones by Gifford and Wiygul (1992) and Bellipanni (1994) indicated access to

resources and facilities as good predictors of success in the competitions.

5.Conclusion

One of the main innovations of this study was to amplify the scope of quantitative
analysis and go beyond the science fairs in the United States and the International Science and
Engineering Fair (ISEF), analyzing a science fair in Brazil. Additionally, it provides useful evidence
for the influence of socio-demographic factors other than gender (for which more research has
been done) on science fairs’ performance. Finally, it brings more recent perspectives on the field

since most of the research on the topic was done in the 1990s.

One of the main limitations of this project is that data was gathered directly from the
science fair’s registration website and not from a direct survey with the students. This limited the
factors that could be used as elements in the analysis, consequently making interpretations of the
results to be educated guesses considering the context of the events. Also, the data was collected
from only one science fair, which limits the generalization of the results and might not reflect the

relevance of the findings beyond the event analyzed here.

With the evidence provided by this paper, it is worth considering making changes either in
the science fair judging and awarding process or in access to scientific education. With the former,
one possible route would be to follow approaches by Science Olympiads, such as the Brazilian
Mathematics Olympiad for Public Schools or the Brazilian Astronomy and Astronautics Olympiad,
both of which have a limit or a quota on the number of awards given to some school types (IMPA,
2022; SAB, 2022). Another possible action that science fairs could take would be to include or
expand programming that encourages students to be each other’s allies during the event, giving
space for them to collaborate, have conversations, and amplify marginalized voices, for instance,

to promote social justice in scientific environments.

A more indirect approach to solve the problem would be creating programs specifically
targeted at schools and students with limited resources. Thus, when the marginalized students do

go to the competition, they wouldn’t have a disadvantage against fellow participants.
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