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Abstract

Science education has emerged in recent years in view of globalization, new
jobs and demands for sustainable development as provided by the United Na-
tions on the 2030 agenda, through the Sustainable Development Goals (SDGs).
Active teaching methodologies such as STEAM emerge as a facilitator and at-
tractive for the learning process. However, for many developing countries, the
high cost prevents implementation of this methodology in formal educational
settings. Thus, thinking about new, low-cost science education strategies that
can supply such demand is a priority issue for the SDGs to be reached in these
locations. The objective of this work was to identify the potential propagator
of itinerant scientific exhibitions, with low-cost interactive activities and based
on the STEAM methodology, and their evaluation by the public, aiming to
achieve the goals of the SDGs. With an investment of less than three dollars
per capita, Science Under Tents organized and carried out scientific exhibitions
throughout its 6 years of existence in various locations in the state of Rio de
Janeiro. During this time, we produced 30 interactive activities at low cost, most
of which are easy and medium to reproduce and based on STEAM, in addi-
tion to addressing various aspects of the SDGs. The exhibitions were mediated
by undergraduate and graduate students from several higher education insti-
tutions, who were responsible for the dialogue with the visiting public. Despite
the low cost invested, exhibition was very well evaluated by the public served.
Thus, we believe that itinerant scientific exhibitions, with low cost activities
and based on STEAM, are interesting scientific education strategies to pro-
mote the SDGs.
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1. Introduction

The United Nations, in a meeting in 2015 with representatives of 193 countries
promoted the discussion and creation of strategies to eradicate the biggest prob-
lem in the world, poverty. In this context, the participating countries, including
Brazil, signed the document “Transforming Our World: The 2030 Agenda for
Sustainable Development” in order to establish goals for the sustainable devel-
opment of all. To this end, 17 goals for sustainable development (SDGs) were
outlined. All SDGs are highly relevant and interdependent, as they are linked by
a nation’s economic, social, cultural and structural values. However, the SDGs 4
(Quality education), 5 (Gender equality) and 10 (Reduction of inequalities) are
closely linked, as they permeate education, the pillar of a society and its devel-
opment, presenting itself as a bridge for its effectiveness and expansion, both in
culture, in social life, as in the market and income (ONU, 2015). In this context,
in particular, scientific education stands out for being associated with issues such
as innovation, market creation, health, inclusion and mainly with the recogni-
tion of the world and its functioning, in line with the goals described and the
SDGs.

In the mid-2000s, the concern with science education grew exponentially, le-
veraged by new work horizons (Silveira, 2018). In this context, methodology
based on STEAM (Science, Technology, Engineering, Arts and Mathematics) is
strengthened. This way of thinking and structuring scientific education uses ac-
tive teaching methodologies, use of materials and equipment present in 4.0 in-
dustry (such as 3D printers, robots, arduine) and artistic and social strategies,
such as reflection on the social and community problems as well as the aesthetic
sense (Conner et al., 2017). The interdisciplinarity inherent to STEAM’s thinking
and methodology leads both the learner and educator to value more the learning
process. This process induces a reflection on solutions for society, being them
environmental, health, construction or leisure. In addition, it also promotes pro-
totyping and development of such solutions (Wang et al., 2018).

However, many of the resources associated with STEAM’s methodology are
expensive (Wang et al., 2018), worsening in developing countries. Thus, think-
ing about low-cost strategies that can supply such demand is a priority issue for
the SDGs to be reached in these locations. Especially after the pandemic of
COVID-19, in which the world is preparing for large-scale economic impacts
(UN, 2020).

Thinking about science teaching materials at low cost is a constant practice in

the reality of the classroom of several teachers. Regardless of whether it is in de-
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veloped or developing countries, the main issue is to systematize this practice so
that it is efficient in these very different realities (Beyleveldt, Burnett, & Hollan-
der 2004; Correa et al., 2020; Hume et al., 2014; Rodrigues, Marques, & Car-
valho, 2016; Srinivasan et al., 2013). In addition, formal education has budgetary
limitations, especially in developing countries such as Brazil, making priority
investment in STEAM actions difficult (OECD, 2019). Thus, non-formal educa-
tion spaces such as science centers and museums, in addition to leisure and en-
tertainment, can also serve as an instrument to science education (Paula, Pereira,
& Coutinho-Silva, 2019).

In general, science centers and museums have exhibitions focused on themes
and way of working of the STEAM methodology and their different approaches
provide various experiences and learning opportunities. Science and art actions
are a worldwide reality, as fruits not only in technical production, but also in
academic productions of great relevance, including in Brazil (Almeida et al.,
2018; Aratjo-Jorge et al., 2018; Oppenheimer, 1972; Pugh & Girod, 2007; Rocha
& Venturelli, 2018; Silveira, 2018; Silveira, Malina, & Lannes, 2018).

According to McManus (1992) and Wagensberg (2001), classically science cen-
ters and museums are dedicated to scientific topics in so-called “hard” areas,
such as astronomy, medicine, geology, physics, biology, chemistry, mathematics,
engineering. However, their activities and exhibitions have always sought to pro-
mote dialogue with the humanities such as sociology, museology, cultural pro-
duction, expography, art and anthropology, among others (Loureiro, 2009; Mur-
riello, Contier, & Knobel, 2018). Such relationships become even more expres-
sive and valuable in the systematization of STEAM and intertwine, not only the
exact areas, but also the human ones with a view to presenting the world, nature
and human solutions.

However, science and technology area, especially science communication, lacks
investments, mainly in developing countries such as Brazil (Klebis, 2018). Reali-
ty that directly affects science centers and museums, classic space for science
communication. It should also be considered that logistics for public participa-
tion in these spaces, especially school audience, is also a costly process, lacking
transportation, food and temporal organization (Cazelli, Falcdo, & Valente, 2018).
In this context, the Guides of Science Centers and Museums demonstrated an
increase in roaming actions (Almeida et al., 2015; Brito, Ferreira, & Massarani,
2005; Massarani, Brito, & Ferreira, 2009) and these are strengthened as demands
from society and governance means seek actions aimed at sustainable develop-
ment and equity of opportunities, especially learning.

Traveling scientific exhibitions reduce costs for schools and increase the chances
of learning STEAM topics. In addition to reducing travel costs, exhibitions at
schools provide a larger number of students to be contemplated and have the
same learning opportunities (Alves, 2016). Besides that, itinerant exhibitions can
be planned and assembled with low cost materials and with few human resources,

as long as these human resources are specialized, such as graduates or postgra-
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duates in the fields of STEAM or education. In general, itinerant exhibitions, al-
though less costly, require a greater routine of maintenance and surveillance
(Alves, 2016; Alves et al., 2019; Nascimento, Fragel-madeira, & Alves, 2018).

Therefore, traveling exhibitions under the STEAM perspective with low-cost
materials can be considered a promising instrument of scientific education, which
can be systematized and exported to several countries in order to provide quality
scientific education, in different environments and socio-cultural realities. The
objective of this work was to analyze an itinerant science exhibition seeking to
identify elements related to STEAM methodology, at low cost of its execution
and that could be correlated with SDGs 4, 5 and 10 of the 2030 agenda.

2. Methodology
2.1. Research Environment

The field of research development was based on the routine of Sciences under
Tents (from portuguese Ciéncias Sob Tendas, CST), an itinerant science center
founded within the Fluminense Federal University, in Rio de Janeiro, Brazil.

CST exhibition is based on three ways of interactivity as described by Wa-
gensberg (2001): manual interactivity or provocative emotion (Hands On), mental
interactivity or intelligible emotion (Minds On) and cultural interactivity or cul-
tural emotion (Heart On). These characteristics enable classify CST as a science
center of third generation as defined by McManus (1992) “The third generation
emphasis is usually on contemporary science or technology and they use inter-
active exhibits requiring visitor thought and manipulation as vehicles for com-
munication.”

The entire exhibition is set up under articulated tents that together form an
area of 100 m* This is considered a satisfactory area for attending up to 150
people per hour. The activities are presented on tables together with mediators
who exchange knowledge present in the activities with the public. For integral
attendance of public, activities are thought and developed considering different
characteristics that can be presented such as: age, local culture, traditional know-
ledge, special needs, among others. In addition, CST mediators receive training
on scientific knowledge presented in the activities, as well as on the means of
communication and speech adaptation to the public (Alves et al., 2019).

Mediators are, in general, students from different undergraduate courses at
fluminense universities. The mediators are linked to the CST in three ways: Vo-
lunteers—the students only participate on the day of the exhibition, willing to
act in the mediation of activities and for that they receive a declaration with the
workload developed; Extensionists—undergraduate students use a curricular dis-
cipline to participate in CST activities and thus complement their undergraduate
curriculum; and Scholarship holders—outstanding students are identified through
public selection who will contribute to the organization of CST and, for this, will
receive scholarships from different funding agencies. The workload of these stu-

dents is 12 hours per week.
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The activities of CST exhibition are organized under four thematic axes: Health,
Nature, Technology and Humanities (Table 1). In this organizational perspec-
tive, areas of STEAM are contemplated. It is worth mentioning that many of the
activities may be inserted in more than one thematic axis due to their interdis-
ciplinary character, in addition to being susceptible to human mediation, which

allows a broad spectrum of approach to themes (Alves et al., 2019).

2.2. Survey Data

Research data was based on two types of data collection:

1) Documentary research, in which information was sought that could sup-
port the research’s main issues, such as financial resources, number of exhibi-
tions carried out, public attended and data collected during the exhibitions.

To this end, CST data on fundraising were analyzed based on a search in the
Lattes curriculum basis of the director of CST, on different sites of Brazilian de-
velopment institutions (National Council for Scientific and Technological De-
velopment, Carlos Chagas Filho Foundation for Research Support of the State of
Rio de Janeiro, Coordination for the Improvement of Higher Education Person-
nel, Fluminense Federal University). It was also carried out an analysis of inter-
nal reports of organizational activities, such as mediator registration forms and
requests for visits, accountability reports and CST’s scientific publications. Me-
diator’s registration form collects data from mediators such as age, undergra-
duate course, motivation to participate in CST among others. And requesting
exposition form collects data from institutions that wish to receive CST’s exhibi-
tion such as location, type of audience, infrastructure, and so on.

All data collected followed thematic analysis criteria proposed by Fontoura
(2011), seeking to identify and classify the information necessary for the research.
The thematic analysis applied to analyzed documents sought to identify two im-
portant units for carrying out the thematization: units of contexts (broader texts)

and units of meaning (specific terms and information). The units of meaning

Table 1. Thematic axes of science under tents activities and their activities.

Thematic axes

Description Example of activities

addresses topics related to the human body, its physiology, nutritional demands, ~ Anatomy, Microscopy, Food pyramid,

Health
e diseases and well-being Knowing your cells
addresses '.top.ics from large. a.re?as of kn(?wledge such as physics, c}‘lemistry, biology, Solar cooker, Sprouting paper, Arthropods,
Nature mathematics in general activities that aim to present and explore issues of .
. . Electroconductivity, Pantograph
the environment and everyday life
mainly addresses themes of new technologies associated with the use of digital Virtual Reality, 3D Printing, Attention and
Technology devices focusing on experiences and building knowledge and solutions for Movement, Augmented Reality, Robotic
day-to-day Programming
H it addresses issues in the humanities such as arts, history, letters and Inclusion, Braille, Puppet theater, Painting the body,
umanities
aiming above all to keep human relations and culture alive LIBRAS (Brazilian Sign Language)
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findings were grouped into themes in a coherent and cohesive manner, thus mak-
ing it possible to guide theoretical analysis intended in the different research objec-
tives. For example: Call CNPq/MCTIC No. 09/2019 National Week of Science and
Technology—SNCT 2019: Context unit—name of director of CST—Universidade
Federal Fluminense—global value of the concession: R$90,000.00; Unit of mean-
ing—R$90,000.00. In this case, the unit of meaning was grouped under the theme:
Resources received by CST.

2) Participant observation, which consists on researcher’s participation in the
process where, inserted in it, observes and collects information relevant to re-
search objective and systematizes it. It basically consists of three processes: ob-
servation, interview and archive search. In this work, observation was empha-
sized. It contains an element of “explanation of the specific scenario [...]; a list of
participants [...]; descriptions of the participants [...]; chronology of events; de-
scriptions of the physical scenario and all the objects within it [...]; execution de-
scriptions [...]; records of other verbal interactions [...].” (Angrosino, 2009).

In this stage of the research, the observer researcher placed himself in the po-
sition of a member of the group, acting as mediator and organizer of CST’s ac-
tivities. His attitude towards the group did not intervene in mediation practices
and sought to identify aspects involved in the interaction between mediator, public
and activity. No conflicts of interest were identified since the observation did not
interfere in practices and interactions occurred, nor did it place itself in an ethi-
cal conflict since CST’s exhibitions are public and in a public environment and
open to different types of social changes.

In addition, it was sought, through Free Interpretation Analysis (Anjos, Rogas,
& Pereira, 2019), to observe and describe the activities of the CST, in order to
evaluate and classify them within the STEAM areas and according to their re-
producibility.

The free interpretation analysis considers that the researcher’s theoretical back-
ground, as well as his field observations and his interlocution between the object
of study and the research objectives must be considered and supported by the li-
terature. In this way, through systematized observations and qualitative analysis,
the Free Interpretation Analysis presents itself as an innovative methodology that
values human issues, especially education. Such qualitative and subjective me-
thodologies are advantageous for research, since the exhibitions and interactions
that occur within the CST are spontaneous and often more objective strategies
such as interviews or questionnaires do not capture the nuances of the research.

Finally, the analysis applied to data collected sought to identify, in CST, ele-
ments that could establish a standard of compliance with the STEAM objectives,
at a low cost, per capita, of its execution and that could be correlated with SDGs
4, 5 and 10 of the agenda 2030.

3. Results and Discussion

Based on participant observation, it was possible to register a series of informa-

tion and public dialogues, which took place during the Science under Tents (CST)
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exhibitions.

The work of CST aims at popularization of science and internalization of scien-
tific knowledge for the general public. The State of Rio de Janeiro has one of the
largest academic production networks in Brazil with several public and private
universities, as well as several scientific cultural devices. However, territorial dis-
tribution of these institutions is uneven, being concentrated in the state capital.
Such distribution makes it difficult for people living on the outskirts and in
towns far from the capital, as well as ratifying the great social inequality in Brazil
(ABCMC, 2015). In this way, CST’s itinerant scientific exhibitions take place in
locations lacking scientific-cultural devices such as museums, science centers,
parks, the botanical garden, among others, and also in places with low social de-
velopment indexes, be they deprived neighborhoods in large cities , are cities far
from the capital that do not have such devices.

The activities presented during the CST exhibitions used low-cost materials and
dealt with STEAM themes in an interdisciplinary and interactive way as recom-
mended by third generation science centers (McManus, 1992; Wagensberg, 2001).
In addition, activities were in line with SDG 4 of the 2030 agenda—Quality edu-
cation, with regard to the goals of: “Ensuring that all girls and boys complete free,
equitable and quality primary and secondary education, leading to relevant and
effective learning outcomes ”, since the exhibitions were held in public places with
unrestricted access to population, even when taking place within institutions such
as schools or clubs; “Ensure that all students acquire the knowledge and skills
necessary to promote sustainable development, including, among others, through
education for sustainable development and sustainable lifestyles, human rights,
gender equality, promotion of a culture of peace and non-violence, global citi-
zenship and valuing cultural diversity and the contribution of culture to sus-
tainable development ”such goal can be observed in the articulation of know-
ledge carried out between the public-activity-mediator, this relationship enables
dialogues of knowledge construction that can be fertile for building such skills
(ONU, 2015).

In total, thirty activities were observed briefly described below:

o Seaweed—Seaweed that can be touched and phytoplankton are presented to
be observed under the microscope (Figure 1(A));

o Compared anatomy—Human, swine and rodent plastinated' anatomical pieces
are presented, which can be touched and freely manipulated (Figure 1(B));

o Arthropods—Animals from the phylum Artrophoda encrusted in resin are
presented, containing representatives of the classes Arachnidae, Insecta, Chi-
lophoda and Diplophoda (Figure 1(C));

o Biotechnology—DNA structures are presented based on a model of interlocking

pieces and an origami model and a game on gene recombination (Figure 1(D));

'Plastinated pieces are part of living beings that, after being dissected, undergo plastination process
that provides long-term and non-toxic preservation after process is complete. This material is used
in education and science communication actions (Géra et al., 2017).
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Figure 1. In all images, it is possible to observe a relationship between public, mediator
and activity. In A there is a demonstration of characteristic of the coast algae of Rio de
Janeiro. In B we see the public’s interest in plastinated pieces. In C, it is observed as dif-
ferent forms of interaction with a collection of arthropods, especially a person taking a
picture of one of the examples. In D it is possible to observe the assembly of DNA mole-
cule and participation of public of different age groups at the same time. In E, it is possi-
ble to observe manipulation of the potentiometer system for composition of blue light on
the LED. In F you can see a woman producing a histological slide with her cells and inte-
raction with the mediator.

o Light Composition—A device containing a three-pole LED is used to control
the intensity of Green, Red and Blue light independently, in order to observe
the color that is formed from the changes made (Figure 1(E));

« Knowing your cells—Oral epithelial cells are obtained, stained by public and
observed under a microscope (Figure 1(F));

o Curve in the laser—A green laser is used pointed to an orifice where a flow of
water runs, showing that water can change the path of light beam (Figure
2(A));

o Environmental education—This is a card game in which planting needs (soil
area, amount of water for irrigation and use of pesticides) for each type of
food are discussed (Figure 2(B));

DOI: 10.4236/ce.2020.115055

767 Creative Education


https://doi.org/10.4236/ce.2020.115055

G. H.V.S. Alves et al.

Figure 2. In all images you can see participation of the public, especially children. In A
we have demonstration of laser reflection phenomenon within the water flow. In B, it is
possible to note public’s attention to the mediator in his dialogues on environmental
education. In C, one can observe public’s attention when perceiving electrical conduction
capacity on different liquids when lighting a lamp. In D, public’s dedication to solving se-
cret writing activity is evident. In E you can observe interaction of public with focal point
of the solar cooker, feeling the heat that can be generated. In F, you can see children playing
fishing while aspects of microplastics in nature were discussed.

o Electroconductivity—A device with an open circuit with two exposed elec-
trodes are inserted in different liquid solutions to demonstrate their ability to
conduct electricity and turn on LED and incandescent lamps (Figure 2(C));

o Secret writing—Blue and red light filters are used to observe images printed
in different colors and overlaid. Also, public must write “hidden” messages on
a sheet of grid paper using colors combination and message will be revealed
using the correct filter (Figure 2(D));

o Solar cooker—It consists of a satellite dish coated with small mirrors demon-
strating the convergence of solar rays and consequently the heat obtained at
the focal point (Figure 2(E));

o Microplastic—Samples of microplastics collected in coastal regions are pre-

sented, together with samples retained of hygiene and cosmetic products
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(Figure 2(F));

o Microscopy—Histological slides from different animal tissues are presented
accompanied by illustrative images of the field of view (Figure 3(A));

o Paper that sprouts—Production of handmade recycled papers filled with
small vegetable seeds to discuss various topics such as recycling, creative econ-
omy, water reuse, etc (Figure 3(B));

o Water pH—Colorimetric tests are performed to measure pH of different wa-
ter sources, discussing the importance of this indicator for use and conserva-
tion of water (Figure 3(C));

o Food pyramid—Representatives of all types of food, made of plastic or non-
perishable materials, are presented, and the public must arrange them in a
ladder-shaped pyramid with shelves, thus comparing and discussing their food

routine and its possible health consequences (Figure 3(D));

Figure 3. The images demonstrate variation of environments with exposures being car-
ried out, either indoors (A, B, C and F) or outdoors (D and E). In A microscopy activity
and its aid image for histological observation. In B, children helping to process the dough
for production of seed paper. In C, analyzes of pH indicator color was observed. In D,
there was a moment of dialogue and reflection on the organization of food in food pyra-
mid. In E you can observe adults and a child analyzing the ramp experiment. In F can be
observed the mediator encouraging discussion about the effect of shadows on light com-
position.
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o Ramp—TItis a device made up of two parallel ramps, one curved and the oth-
er straight, both starting and ending with the same parameters. Two billiard
balls are placed on these ramps, which are released simultaneously and come
to an end at different times. Issues of movement, friction, acceleration, among
others are discussed (Figure 3(E));

o Colored shadows—Three sources of light, green, blue and red, are used in a
dim environment, at the point of focus of this lighting are placed discs that
highlight the phenomenon of adding color subtraction in visible light
(Figure 3(F));

o Ozobot—It is a robot that follows paths designed with a marker pen, its pro-
gramming is done through specific color patterns and sensors, so challenges

are presented and public must overcome them (Figure 4(A));

Figure 4. Images demonstrate direct interaction of the public with different technologies
present in activities, whether digital or not. In A public interaction with Ozobot’s chal-
lenges. In B presentation of liver in augmented reality. In C outdoor use of virtual reality
experiences, even captivating the elderly. In D, a child interacted with Lego Robot trying
to understand its program logic and responses to the stimuli provided. In E it can be seen
that both adult and mediator try to demonstrate operation of 3D printer to the child. In F
a child learning the process of Braille writing.
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o Augmented Reality—It uses tablets and apps to present elements of aug-
mented reality, inserting virtual elements into the image of reality, prompting
discussions on various topics from health to astronomy (Figure 4(B));

o Virtual Reality—Uses virtual reality glasses with popular cell phones in order
to provide a virtual immersion in different environments, from the seabed to
the central nervous system (Figure 4(C));

o Lego Robot—It uses Lego Robotics Mindstorms EV3 in its various configura-
tions and presents programming as a way to solve small problems, challenging
the public to understand its functions and applications (Figure 4(D));

o 3D printing—Uses a 3D printer with PLA filament to produce various objects.
The public interacted with image creation and preparation software, printing
process and finished object (Figure 4(E));

o Braille—Various instruments are used for presentation and writing in the
Braille system, sensitizing and informing the public about such writing (Figure
4(F));

o Inclusion Sidewalk—Wooden pallets are arranged to simulate a sidewalk with
possible obstacles such as ramps, public telephones, garbage bags and other
objects. where people can walk, being sensitized to the routine of a visually
impaired person (Figure 5(A));

o Painting the body—Representations of human organs are used for painting,
such as a brain-shaped helmet, a tongue to be used as a tie, a plaster brain,
stimulating creative expression and discussion about the body (Figure 5(B));

o Libras—A memory game with signs from the Brazilian Sign Language and
their respective graphic representations is used encouraging the public to know
some signs of daily life and communication of the deaf (Figure 5(C));

o Puppet Theater—Foam puppets are used, controlling their mouth and head
movement, in all there are five characters representing different ethnic groups
such as a black, a blonde, an oriental, a brunette and a Caucasian. The play
discuss various scientific themes interspersed with the public’s daily life
(Figure 5(D));

o Pantograph—This instrument is used to demonstrate the Tales Theorem and
its implications for copying, reducing and enlarging images (Figure 5(E));

o Tangram—Geometric pieces are used to compose different images in the form
of challenges, stimulating abstraction and identification of the geometric ele-
ments of the images (Figure 5(F)).

All activities were carried out by CST team and were motivated by the themes
proposed for National Week of Science and Technology (SNCT), the largest and
most important scientific communication event in Brazil. As described in Nas-
cimento et al. (2018), such affirmative practices demonstrate the importance of
this mediation strategy for strengthening of public policies aimed to science com-
munication.

Through free interpretation analysis, it was possible to observe the activities of
CST and classify them within the STEAM areas, highlighting aspects related to
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Figure 5. The images demonstrated service to children, majority of Sciences Under Tents.
In A, awareness of blindness condition was exposed in a sidewalk model with its ob-
stacles. In B aesthetic and artistic expression of painting a brain that will be transformed
into a helmet. In C, dissemination and challenge of communicating through Brazilian
Sign Language (LIBRAS). In D a puppet theater presentation, discussing scientific themes
and representing the diversity of people in everyday life. In E a child using a pantograph
to enlarge an image. In F tangram uniting girls in challenges of logic and spatial vision.

the reproducibility of each one. Therefore, Table 2 demonstrates this organiza-
tion and the observations that can guide the process of reproducing activities.

It can be noted that such activities corroborate with low-cost science educa-
tion and teaching practices (Beyleveldt et al., 2004; Correa et al., 2020; Hume et al.,
2014; Rodrigues et al., 2016; Srinivasan et al., 2013), using materials of easy access,
reusable, recycled and, even those of greater monetary investment, are of low
complexity of reproducibility.

It is worth mentioning that literature presents the inclusion of Arts in STEAM
as a recent movement, aiming to somehow include the humanities (Conner et al.,
2017; Wang et al., 2018). However, interactions between STEAM areas are still
discussed, since it is desirable that approaches must be interdisciplinary. How-
ever, arts have been presented and used commonly as a means to express the con-
tent discussed and developed in other areas (Conner et al., 2017; Shatunova et al.,
2019; Wang et al., 2018; Yoon & Choi, 2015). In the case of CST, the “A” of the
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Table 2. Classification of science under tents activities in the STEAM areas and aspects of

their reproducibility.

Activity

Seaweed
Compared anatomy

Arthropods
Biotechnology

Light Composition
Knowing your cells

Laser curve
environmental education

Electroconductivity
Secret writing

Solar cooker

Microplastic
Microscopy
Paper that sprouts
Water pH
Food pyramid
Ramp

Colored shadows

Remarks regarding reproducibility
STEAM-Science
Limited by the availability of coastal samples

The production of platinum parts is expensive and human parts are
difficult to access. However, they can be replaced by commercial models

Handicraft material is used for its production
Templates are easily produced and printed
Requires little electrical knowledge and few components

lacks access to the microscope which can be considered a high initial
investment

It uses materials of easy access
Achievable with simple prints
Built with materials easily accessible in the construction house

Its limitation is the access to the gelatin film that is used to compose the
light filter

Built with reused material
Lacks fine sieves to obtain samples

Lacks access to the microscope which can be considered a high initial
investment

Made with household appliances and recyclable paper.

Greater complexity in finding the pH indicator substances, but available
at swimming pool supply stores

Made with reused wood, toys and decorative food within easy reach

acks specific production so that the start parameters are isonomic and
the result is reliable

Built with materials easily accessible in the construction house

Ozobot

Augmented Reality

Virtual reality

Lego Robot

STEAM-Technology
lacks access to Ozobot which can be considered a high initial investment
Lacks tablets or smartphones

Lacks smartphones and virtual reality glasses, the latter being able to be
made from cardboard models

lacks access to Lego Robotics Mindstorms EV3 which can be considered
a high initial investment

3D printer

Braille

Sidewalk of Inclusion

STEAM-Engineering

It lacks access to a 3D printer which can be considered a high initial
investment.

STEAM-Arts

Specific materials are used for Braille writing, available in stationery
stores and school supply stores.

Reused material, obtained in several locations.
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Continued
Libras Material printed on handling-resistant paper

Body painting Printed material and use of brain-shaped silicone shapes

Puppet Theater Acces? to puppets and scenery structure, can be done with reusable
material

STEAM-Mathematics
Pantograph Can be purchased at a school supply store or made using 40 cm rulers
and screws
Tangram It can be purchased at a school supply store or made using different flat

materials (cardboard, cardboard, EVA, etc.)

arts is developed in a wide spectrum: the puppet show, despite addressing science
themes, have script, composition and artistic production that are worked on by
the CST team; The inclusive activities Braile, LIBRAS and Sidewalk of Inclusion
present, above all, the objective of raising awareness for inclusion and thus use
themes and approaches that involve all areas of STEAM and mainly humanities;
The activity Painting the body stimulates as much motor and creative skills as
knowledge about structures of human body. Thus, CST exhibition not only de-
velops the “A” of STEAM but also integrates it in an interdisciplinary way, as
recommended by methodology (Yoon & Choi, 2015).

In addition to the activities, we also analyzed mediators and their role for the
public attendance process. For this, it was possible to have access to information
about the mediators who are part of the CST team. Such data are relevant to un-
derstand who this audience is and how they can interfere in the science commu-
nication process developed by CST.

Most of the mediators were female (approximately 64% of the scholarship
holders and 77.8% of the volunteers, n = 88), were mostly in the age group of 19
to 27 years old, with the highest number at 21 years and were, in general, from
courses of biological field.

We believe that this profile is justified since the headquarters of CST is located
on a university campus dedicated to biological areas, which in Brazil are courses
composed of a female majority (Oliveira & Fernandes, 2016). This profile de-
monstrates that CST’s mediators strengthen the idea of women and girls in the
sciences, which are motivation for many of children and the public that partici-
pated in the exhibitions, reinforcing aspects of gender equality and female em-
powerment set out in the SDG 5—Gender equality (ONU, 2015).

In addition, mediators’ age range is within what is expected for the university
audience, from 19 years old with predominance between 19 and 25 years old.
We found a prevalence of mediators at 21 years of age (22%). We believe that this
profile represents undergraduates who are close to the end of their course, when
they have more hours for academic activities outside the classroom (MEC/INEP,
2017).

When we analyzed the areas of training of mediators, it was possible to verify

that they had origins in almost all areas of STEAM (Anisimova, Shatunova, &
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Sabirova, 2018; Conner et al., 2017; Shatunova et al., 2019; Wang et al., 2018),
except for the area of engineering. The most representative area was science
(71.9%) with graduation courses in Biology (32.6%), Biomedicine (20.2%), Vete-
rinary (5.6%), Pharmacy (4.5%), Chemistry (2.2%), Physics (3.4%), Medicine
(1.1%), Nutrition (1.1%) and Nursing (1.1%); humanities areas (12.3%) with
graduation courses in Arts (2.2%), Letters (1.1%), Pedagogy (3.4%) and Cultural
Production (6.7%); Mathematics with degrees in statistics (2.2%) and mathe-
matics (3.4%); and Technological with degrees in computer science (1.1%). The
other courses that were not included in the STEAM areas (administration, law,
international relations), despite being humanities areas and having unquestionable
importance in society, are not yet included in the STEAM education practices.

The post-graduation courses were grouped without explaining their origin and
research focus, therefore, they were disregarded from our disciplinary classifica-
tion. However, postgraduate research plays a fundamental role for STEAM, as it
places the learner in the position of builder of knowledge and the search for so-
lutions for society (Wang et al., 2018). Thus, the participation of mediators from
postgraduate courses confirms the relationship between public, exhibition and
practices of STEAM.

We can observe interdisciplinarity in processes and in the development of ex-
periences and interactions with the public during activities presented and de-
scribed above. However the mediator is the articulating and stimulating agent of
interdisciplinarity (Alves, 2016; Alves et al., 2019; Carlétti & Massarani 2015;
Nascimento et al., 2018; Paula, 2017). It was possible to observe that in several
moments, mediation leads to construction of knowledge about the experiences
lived by the public. For example, in the activity of the solar cooker there were dis-
cussions about the properties of physics, but biological aspects such as photosyn-
thesis, social aspects such as the importance of this system for economically de-
prived regions and even for energy generation were also discussed. There are
countless reports that could be explained for each of described activities. How-
ever, it is the diversity of undergraduate courses, experiences, knowledge and
experiences of the mediators that bring the richness and interdisciplinarity of di-
alogues with the public.

From the documentary analysis, it was possible to identify that the activities
under the Sciences Under Tents (CST) started in 2013 with the support of the
Carlos Chagas Filho Foundation for Research Support in the State of Rio de Ja-
neiro (FAPER]J) (Alves et al., 2019), and until 2019 funds were raised in the or-
der of 310 thousand reais, approximately 72 thousand dollars®. All funding came
from public agencies that promote education, science and technology, such as
the National Council for Scientific and Technological Development (CNPq), the
Coordination for the Improvement of Higher Education Personnel (CAPES), the
Ministry of Education of Brazil and FAPER].

*All currency conversions from real to dollar were made using the dollar value on 2/7/2020— (Brazil,
2020).
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Much of this period was under the influence of a policy to encourage scientific
and technological development in the country, a historic period that certainly ex-
panded the development of actions aimed at science education, especially to ex-
pand science communication (Ferreira, 2014). After 2016, resources became scarcer
due to the Brazilian economic crisis, which has worsened until the writing of this
article and which tends to be even worse with the post-pandemic economic fore-
casts of Covid-19 (Klebis, 2018).

Fluminense Federal University, in addition to providing all administrative in-
frastructure for the maintenance of the CST, also finances it from annual grant
of extension scholarships, which are allocated to students of this institution in
order to assist in the maintenance and execution of the CST and associated projects.
Since 2013, these resources have totaled 162 thousand reais, approximately 37
thousand dollars.

Human resources are an integral and fundamental part of several educational
actions and models. Despite the STEAM model, although promoting student au-
tonomy, it also lacks tutors and mediators to guide discussions and development
of learning process. In addition, the reality of science centers and museums in
Brazil indicates the strong presence of mediators and their attributions in these
spaces are varied, placing them in an essential condition for the proper func-
tioning of these spaces (Carlétti & Massarani, 2015).

In addition to such incentives granted directly to the CST and which were
under its management, food counterpart of the team of mediators must be in-
corporated into financing. This cost of food is responsibility of exhibition host
institutions. For this purpose, two snacks (one in the morning and one in the af-
ternoon) and lunch are considered. Thus, it can be estimated that approximately
60 thousand reais, approximately 14 thousand dollars, were invested in food. This
counterpart was necessary since the Brazilian legislation on public support for the
scientific and technology projects does not allow the use of resources for acquisi-
tion or supply of food of any kind, regardless of the situation or nature of the
projects financed (Brazil, 2019).

Altogether, it can be considered that over six years of uninterrupted activities,
CST raised global resources in the order of 530 thousand reais, approximately
125 thousand dollars. This resource was intended to serve attended public, which
according to the internal reports of CST, consisted of approximately 45 thou-
sand people distributed in 25 cities in the State of Rio de Janeiro (Alves, 2016;
Alves et al., 2019; Pereira et al., 2018). Thus, it is possible to correlate that for
each person served, approximately R$11.80 (approximately US$2.75) was in-
vested, thus characterizing a low-cost scientific exhibition, with access to regions
and people with the greatest difficulties in experiencing STEAM methodology in
center and science museums.

According to the Organization for Economic Cooperation and Development
(OECD, 2019) the average investment in basic education in Brazil, per student
per year is US$3.867. This represents about US$19.33 per day, considering 200
school days in the year, with a daily workload of five hours (Brazil, 2018).
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Therefore, the CST exhibition, which attends public for the same period of time,
costs about 14% of the estimated value for Brazilian investment in basic educa-
tion. Considering the average investment in basic education in OECD member
countries of US$9,600.00, CST represents an investment of approximately 5.7%
of total investment in education. The low-cost relationship for actions of this
type favors SDG 10—“Reducing inequalities”, as it allows such experiences to be
potentially applied in different realities, in addition to being inclusive, demo-
cratic and accessible to all (ONU, 2015).

The investment in formal education, registered by OECD, compares to the in-
vestment made by CST as a representative of non-formal education in science
centers and museums and for that, despite their differences in pedagogical strat-
egies and objectives, they are comparable over time that the student/audience
dedicates to educational experiences. It is noteworthy that even without having
comparative parameters to content learning, experiences in non-formal educa-
tion environments can positively influence the learning process (Paula, 2017;
Paula, Pereira, & Coutinho-Silva, 2019).

Thus, it can be considered that CST is a low-cost strategy for communicating
science in places that do not have museums or a science center and that this type
of public policy must be continued, whether with public or private resources,
corroborating with Norberto & Marandino (2017).

In summary, CST’s exposure to low cost per capita can be considered a reality
that meets SDGs 4, 5 and 10. Low-cost scientific activities can expand the offer,
distribute better and more learning opportunities and, when considering the pop-
ular character of the exhibition—all audiences, regardless of gender, skin color,
socioeconomic status—all have access to the same type of experience and atten-
tion as mediators (Beyleveldt et al., 2004; Correa et al., 2020; Hume et al., 2014;
Rodrigues et al., 2016; Srinivasan et al., 2013).

Considering the low cost investment it is important to analyze how the public
perceives and feels when participating in the exhibition. To this end, data from
Elysio & colleagues (2016) research about CST’s exhibitions were re-analyzed.

The questions presented in Table 3 deal with different aspects of public’s rela-
tionship with CST. The questions sought to identify motivation and satisfaction
regarding to exhibition. The questions “Did you find what you saw at CST in-
teresting?”, “Would you like to participate in more events like CST?” and
“Would you recommend other people to participate in events like CST?” are in-
volved with aspects of satisfaction, as initially presented by Elysio & colleagues
(2016). The questions “Did you learn anything new?” and “Are you curious to
know more about science?” can be related to motivation in STEAM themes ex-
posed at CST’s activities. In this way, positive responses are indicative that the
CST is well accepted by its audience. In addition, it is emphasized that negative
responses are also relevant as they can guide innovations in the exhibition so
that it can be better accepted by audiences of different age groups, especially

those between 21 and 25 years old.
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Table 3. Perception of the visiting public of sciences under tents about the science communication developed.

Would you like to
participate in more

Did you find what you Would you recommend  Are you curious to

saw at CST interesting?

Did you learn

other people to participate know more about
anything new? peop P P

events like CST? in events like CST? science?
Yes No Yes No Yes No Yes No Yes No
0-5
—~ 88.5 11.5 84.6 15.4 95.2 4.8 92.3 7.7 92.3 7.7
< n =26
°
a 6-10
§ 99.2 0.8 100.0 0.0 96.9 3.1 93.1 6.9 96.1 3.9
2 n=134
& 11-15
« 97.0 3.0 94.3 5.7 96.9 3.1 95.6 4.4 96.8 3.2
b n =309
-]
2
- 16 - 20
3 98.2 1.8 98.1 1.9 98.1 1.9 98.1 1.9 97.0 3.0
< n =109
-
g 21-25
E 78.6 21.4 92.9 7.1 91.7 8.3 92.3 7.7 85.7 14.3
o n=14
% 26
>
~ 58 96.5 3.5 94.8 5.2 100.0 0.0 96.5 3.5 100.0 0.0
n=
A
Velzsgg 93.0 7.0 94.1 5.9 96.5 3.5 94.7 5.3 94.7 5.3
n=

All values expressed as a percentage (%). Source: (ELYSIO et al., 2016).

As shown in Table 3, it was possible to identify that the majority of the public
attended was satisfied with the exposure, explaining an average of more than
90% of positive responses in all questions analyzed. These data reflect that de-
spite the low cost invested, the exhibition received a positive perception from the
public. This factor is preponderant with regard to interest and learning oppor-
tunities. Such action meets the premises of STEAM, which the apprentice must
be motivated, especially to the challenges and demands of his daily life, in addi-
tion to reinforcing that science centers and museums are also spaces for STEAM
education to develop (Anderson & Jiao, 2017; Yoon & Choi, 2015).

4. Conclusion

The scientific exhibition of Sciences Under Tents has potential to cover SDGs 4,
5 and 10, being in synergy with the prerogatives of equal opportunities, valuing
education, especially women, providing opportunities for dialogues for sustaina-
ble development and income generation. However, is necessary more research to
confirm this.

In addition, it was possible to verify that the exhibition is well accepted by the
public and that satisfaction with it is high in different age groups of the public
served. This demonstrates that, within its organization and execution, the CST is
well evaluated and accepted by the public.

This acceptance is a reflection of the activities and mediation present in the
exhibition, since its challenging, experimental and interdisciplinary approach
stimulates the interaction between the public and the exhibition in addition to
strengthening the relationship of STEAM education in an environment outside

the classroom.
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All of this is carried out with minimal budgets, being estimated at less than
three dollars per person and free of charge for the population that receives it and
can certainly be exported to other realities in the world.

Considering all the aspects presented and the prospects for a post-pandemic
world of Covid-19, systematizing STEAM education actions at low cost will be-
come an opportunity to resume social and economic growth, valuing the 2030

agenda and helping in the formation of a new generation of global.
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