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Studies investigating the conversations held in museum settings have proved important for understanding the
learning experiences of their visitors. The aim of this mixed-methods study is to analyze the experiences of

families on visits to an exhibition on Charles Darwin at Museu Trompo Mégico (Guadalajara, Mexico), particularly
their conversations about evolution and what types of scientific reasoning they employed. Ten family groups
with a total of 42 visitors participated in the study. The visits were recorded and the audiovisual material loaded
into the Dedoose 8.0.23 software, for analysis of the conversations using a protocol which includes three types of
reasoning: (i) evolutionary — rudimentary (not in-depth) Darwinian scientific thinking; (ii) intuitive — everyday
common-sense explanations; and (iii) mixed — drawing on evolutionary and intuitive reasoning. The results
indicate that the exhibition sparked the families’ interest and curiosity: in 24% of the total visit time, they held
conversations about evolution-related topics and themes. At that time, the most used reasoning was intuitive
reasoning, code applied 124 times, followed by evolutionary reasoning (118 times) and mixed reasoning (120
times). Our results provide evidence that the exhibition brought families closer to scientific knowledge about
evolution, prompting conversations about evolutionary terms and topics, in the three types of scientific
reasoning investigated. As implications, this study demonstrates that understanding what family members talk
about and deciphering how they apply reasoning patterns can help in the definition and structuring of exhibition
learning, assist in the reasoning transition process and in the assimilation of concepts that are the basis for

understanding evolutionary processes.
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INTRODUCTION

Conversation is a significant outcome of museum visits, a
naturally occurring phenomenon that is shared among visitors
(Leinhardt & Knutson, 2004). Different studies have
demonstrated the importance of such experiences in science
museums through investigations of dialogue. There are studies
that analyze how conversations contribute to learning and the
construction of meaning (Allen, 2002; Dierking et al., 2004;
Leinhardt & Knutson, 2004; Zimmerman et al., 2009), how
collaborative conversations between parents and children are
important for children’s understanding of science (Fender &
Crowley, 2007; Haden et al., 2014; Jant et al., 2014), and how
family conversations in museums draw on scientific reasoning

and evidence (Crowley et al., 2001; Land-Zandstra et al., 2020;
Randol, 2005).

Family groups make up a significant proportion of museum
visitors (Ellenbogen et al., 2004; McManus, 1994) and share a
complex system of experiences through their conversations. It
has also been observed that family conversations in museums
can enhance engagement and collective learning (Allen, 2004,
Bamberger & Tal, 2008). Therefore, studies that investigate
family conversations in museum settings have proved
important for better understanding them and contributing to
learning experiences. In this study, our aim is to understand
the scientific reasoning of families visiting science museums,
as this is an important aspect of scientific thinking. According
to Bell et al. (2009), in a publication by the National Research
Council of the National Academies, understanding scientific
reasoning in informal venues allows us to understand how
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families engage in scientific investigation and how they reason
and articulate their thinking in conversation with others.

Historically, in the context of science, reasoning “referred
to formal reasoning characterized by rules of logic and
mathematics” (Sadler, 2004, p. 514). Drawing on the work of
Thomas Kuhn (1962, 1991, 1992, 1993), Sadler (2004), Sadler
and Zeidler (2005a, 2005b), and Topcu and Sadler (2010)
propose two models of reasoning: (i) formal — presenting fixed
and immutable premises from which conclusions are drawn,
and (ii) informal - presenting assumptions that may change as
information becomes available. In the museum context,
reasoning is understood as a process that includes cognitive
engagement, the skills of asking questions, formulating
hypotheses, collecting and using evidence to communicate
about thinking, applying causal and contextual thinking,
making inferences and revising theories (Bell et al., 2009;
Crowley et al., 2001; Kisiel et al., 2012; Land-Zandstra et al.,
2020). Besides, can also include previous experiences and
knowledge in situations where the individual uses their
knowledge to compare or generate a solution for a given task /
question, providing evidence of their reasoning (Land-
Zandstra et al., 2020; Zimmerman, 2000).

For Kisiel et al. (2012, p. 1052), studies on reasoning
undertaken in informal setting such as science museums
emphasize what happens “between and among people rather
than ‘in the heads’ of individuals.” Thus, investigating
reasoning in museums encompasses visitors’ communicative
and cognitive activities — activities performed by individuals
in an observable way (Kisiel et al., 2012).

Land-Zandstra et al. (2020) analyzed the role of open-
ended questions included in the subtitle for an object - a
fossilized dinosaur egg - in the learning process of 66 families
visiting the Dutch Natural History Museum (Netherlands). At
different times, one by one, the family groups were posed three
questions of different levels of complexity — simple (“What
does this look like?”), moderate (“This is a REAL dinosaur egg.
How big do you think the mother of this dinosaur egg was?”),
and complex (“This is a REAL dinosaur egg. What would the
breeding place of a dinosaur have looked like?”) — to observe
how much the question influenced their reasoning processes.
It was found that the moderately complex question facilitated
longer conversations with a greater number of complex
inferences than the simplest and most complex question.
During the longer and more complex conversations, the
parents took a more important role in the conversation,
mediating the reasoning process of the members of the family
group.

Kisiel et al. (2012), who examined family conversations on
visits to four aquariums on the west coast of the United States,
based their work on mediated action and investigated how
scientific reasoning could include cultural tools (displays,
elements, and signs) and interaction between individuals.
What they found was that families make statements motivated
by their observations in the exhibition, question statements
made by others, look for information (e.g., reading signs and
consulting explainers) to find answers to questions or check
something they saw, and look for additional evidence to check,
challenge, or confirm a claim (by touching, manipulating,
comparing, etc.) in the quest to answer a question. Such
practices, which included the wuse of evidence in

argumentation, reinforce the idea that scientific reasoning
takes place in such settings.

Based on the above and drawing on a sociocultural
perspective of learning (Ellenbogen et al., 2004), we
understand that conversations involving reasoning can
contribute in important ways to the field of museum learning,
as they investigate how understanding and meaning are co-
constructed among group members (Hohenstein & Moussouri,
2018). The conception of learning in this study goes beyond
the acquisition of new information to include the expression
of emotion, the acquisition of skills, asking questions, and
developing evidence-based reasoning (Bell et al., 2009). In
particular, in this article we focus on analyzing the reasoning
used in family conversations about evolution on a visit to a
science museum. In the next section, we present a brief
description of studies carried out in this area.

Evolution in Science Museums: Conversations and
Reasoning

Evolution is a fundamental concept for all the life sciences,
being addressed systematically in natural history museums
(Horn et al., 2016; Sanchez Mora & Ramirez, 2016) and other
science centers and museums (Spiegel et al., 2006). In this
sense, these venues play an important role in the public’s
proximity to, engagement with, and understanding of science
(Diamond & Evans, 2007; Spiegel et al., 2006).

A Gallup (2019) poll found that 40% of the US adults
interviewed had a creationist view of human evolution.
However, in a timeline, from the first Gallup poll in 1983 until
2019, there is a shift in this view with an increasing trend
among those who do not believe that human evolution was
shaped by divine intervention.

Some studies have shown that most museum visitors have
misconceptions about evolution (Guisti, 1994) and have
trouble correctly explaining the central mechanisms of
evolution, such as natural selection, adaptation, and variation
(Borun, 2002; Dunckel et al., 2005). The explanations about
evolution given by students - frequent museum visitors
(Patino et al.,, 2017) — tend to be based on alternative
conceptions, sometimes displaying a Lamarckian slant,
referring to the use/disuse and inheritance of acquired traits
(Bishop & Anderson, 1990; Brumby, 1984; Sanchez Mora,
2000; Sdnchez Mora & Ramirez, 2016). Another point that is
gaining weight around the world has to do with organized anti-
evolution movements, formed by people who resist the idea of
evolution (for more details, see Lienesch, 2007).

As such, museums face the challenge of drawing visitors’
attention to highly complex concepts (Wilensky & Reisman,
2006). In order to do so, presenting evolution in a meaningful
narrative that addresses knowledge of the history of evolution,
including the issue of geological time, adaptation, and fossils,
could provide a good context for the acquisition of knowledge
about microevolutionary processes (Evans et al., 2015). In
addition, using intuitive reasoning — everyday explanations
that come to mind when humans solve problems (Evans et al.,
2008, 2010) - as a way of bringing the topic closer to the visitor
and using interactive modules that encourage prolonged
engagement and social interaction (Horn et al., 2016) have
proved promising in providing richer learning experiences for
visitors.
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Several studies have been carried out on how people
perceive and understand evolution and why this subject
remains so controversial (Brumby, 1984; Bishop & Anderson,
1990; Evans, 2000, 2001; Stein & Storksdieck, 2005). Some of
these studies assess museum visitors’ interest in evolution and
understanding and acceptance of evolutionary ideas (Dunckel
et. al., 2005; Guisti, 1994). Others use exhibitions’ exhibits on
evolution to understand visitors’ understanding of the subject,
applying a conceptual model that assesses reasoning (Evans et
al., 2010; Tare et al., 2011; Spiegel et al., 2012). For example,
Horn et al. (2016) carried out a study at two American natural
history museums in which they investigated the involvement
and learning of 247 young people aged 8 to 15 in an exhibition
module: a touch table that addressed the evolutionary tree of
life. They observed that social and physical interaction with
the module had a positive impact on learning about evolution.

Evans et al. (2010) interviewed 32 people on visits to the
exhibition Explore Evolution hosted at three natural history
museums in the Midwestern United States. The study analyzed
the visitors’ spontaneous perceptions before the visit,
investigating several questions about biological change in
animals. The answers were analyzed in three reasoning
patterns: (i) informed naturalistic reasoning (using Darwinian
evolutionary terms in non-specialist language, as well as
evolutionary concepts such as variation, inheritance,
selection, and time); (ii) novice naturalistic reasoning (using
intuitive explanatory concepts, as described above in this
item); and (iii) creationist reasoning (making reference to
supernatural causes, ranging from explicit statements about
divine powers to more implicit references to belief). As a
result, 72% of the participants used scientific and intuitive
explanations simultaneously to explain species change.
Another 28% of the participants associated creationist
reasoning with scientific and intuitive reasoning in their
explanations.

The exhibition Explore Evolution was also investigated by
Tare et al. (2011) to analyze the content of conversations
between the parents and children of 12 families. The codes
used were divided into two main blocks: (i) conversations
involving evolutionary and intuitive reasoning and (ii)
functional conversations — explanatory (with conversational
elements that conveyed or elicited scientific content),
nonexplanatory (with conversational elements related to
logistics and aspects of the visit), and drawing on text from the
exhibition. The authors found that 65% of the conversations
were explanatory and 21% non-explanatory. The use of
evolution-related terms and concepts was identified in 10.2%
of the conversations, while in 12.9% of the conversations, the
parents relied on reading the panels to explain the subject to
their children.

In line with the two studies described above, Spiegel et al.
(2012) used pre- and post-visit interviews to find out whether
there was a conceptual change in children, young people, and
adults after a single visit to the museum. The results showed
that after visiting the exhibition, the adults and youths
increased their use of evolutionary reasoning. In addition,
there was an increase in intuitive explanations, which the
authors saw as an indication that the visitors’ explanations
were moving towards evolutionary reasoning.

Together, these studies demonstrate what visitors think
and how they understand the theme of evolution in museum
spaces. Furthermore, they bring evidence that exhibitions
have contributed to the public’s understanding of the topic.
Despite the value of their contributions, we note that these
studies focus on experiences at museums in the United States
and Europe (Borun, 2002; Dunckel et. al. 2005; Guisti, 1994;
Jiménez & Munoz, 2015; Saez & Albaladejo, 2017). In Latin
America, many interactive science centers and museums were
consolidated in the 1990s (Massarani, 2015) and the region
still lacks studies focused on understanding the experiences of
visitors to these spaces (Massarani et al., 2019a; Rowe &
O’Brien 2016). In particular, Latin American studies on
evolution have investigated it in school education (e.g., Bizzo,
1994; Diaz & Herndndez, 2002; Le6n, 2019; Le6n & Morales,
2017; Tapia & Arteaga, 2009), with fewer studies turning their
attention to the experience of visiting museums and science
centers (e.g., Gonzédlez-Medina, 2013; Sanchez Mora &
Ramirez, 2016). Therefore, the understanding of conversations
involving reasoning about evolution in the Latin American
context is incipient. Building on previous work on
conversations involving evolutionary reasoning (Evans et al.,
2010; Spiegel et al.,, 2012; Tare et al.,, 2011), this study
investigates the experience of families visiting an exhibition
on Charles Darwin, with particular emphasis on the
conversations about evolution and the types of reasoning they
used on the subject, in a museum in Mexico. Display
quotations of over 40 words, or as needed.

METHOD

Study Context

The present study was carried out at the interactive
museum Museo Trompo Magico, in Guadalajara, Mexico. It is
part of a larger-scale project on the perspective of visitors on
the science museum experience in Latin America (Massarani
et al., 2019a, 2019b, 2019c, 2021) and received approval from
the ethics committee of the Oswaldo Cruz Foundation (CAAE
10663419.0.0000.5241). Museo Trompo Magico is run by the
Government of the State of Jalisco and is considered a fourth-
generation museum (Gomez, 2004) that focuses on the active
learning of visitors to its permanent and temporary
exhibitions, which are of a contemplative and interactive
nature (Gobierno del Estado de Jalisco, 2015).

Darwin, la exposicion - Explorando las especies is a traveling
exhibition designed by the American Museum of Natural
History (AMNH), New York, about the life and work of Charles
Robert Darwin (1809-1882). It covers 7,000-8,000 square feet
and has about 500 exhibits, including fossils and live and
taxidermized animals (Gobierno del Estado de Jalisco, 2015). It
was shown in at least 13 countries until 2015 and attracted
approximately four million visitors. In Mexico, it was held at
the former Colegio de San Idelfonso, in Mexico City, in 2014,
then in 2015 at the Centro Cultural “El Amate” in Cuernavaca.
Museo Trompo Mégico was the third Mexican venue for the
exhibition, where it remained for three months, from
November 1, 2015, to January 31, 2016 (Gobierno del Estado de
Jalisco, 2015).



4/17

Massarani et al. / Interdisciplinary Journal of Environmental and Science Education, 18(2), 2267

Table 1. Information on family groups (G) and visit duration

Groups Adults (Relationship) Children/adolescents (sex / age) Visit duration
Gl (n=4) Mother and father ?(4,8) 19°17s”
G2 (n=3) Father® 2(2,10) 22°38”
G3 (n=3) Mother ?(10) and 5(13) 60’37
G4 (n=3) Aunt and father 2(8) 36’45
G5 (n=5) Mothers ?(5,8) and 5'(4) 12’477
G6 (n=3) Mother 9(8) and 3(12) 60°53”
G7 (n=5) Mother and father 2(9,9,9) 78’
G8 (n=6) Mothers** ?(5) and 5(3,4,10) 19°56”
G9 (n=6) Father and grandmother ?(6,10) and 5'(6,13) 33°4”
G10 (n=4) Mother ?(14) and 5(2,8) 20’28

*Father of 2-year-old and uncle of 10-year-old/**Mother of 4- and 10-year-olds and mother of 5- and 3-year-olds

The exhibition follows a linear, sequential organization
and has ten themed rooms on the life and work of Charles
Darwin, namely: 1. the world before Darwin; 2. young
naturalist; 3. a trip around the world; 4. great discoveries; 5.
the idea takes shape; 6. a life’s work; 7. the study of Darwin; 8.
evolution today; 9. endless forms most beautiful; 10. botanical
garden. In these rooms, various topics were discussed,
including human evolution, natural selection in animals and
plants, micro and macroevolution, and evolutionary time. It
portrays Charles Darwin’s personal and professional life, his
way of life and complex family relationships, his voyage
around the world, his discoveries, and the personal challenges
he faced until the publication of the theory of evolution by
natural selection (Ceci, 2009).

Data Collection

The data were collected in January 2016. Family groups
were approached randomly by the research team at the
museum entrance, the only eligibility criteria being those set
forth in item 2.3. They were told about the study goals and
invited to visit however they wished. Those who demonstrated
interest in taking part and gave their authorization for their
visit to be recorded picked one child or adolescent from among
their number to wear a head-mounted GoPro HERO, which
would record the trip by filming subjective, point-of-view
footage (Burris, 2017; Lahlou, 2012; Massarani et al., 2019a,
2019b, 2019c, 2021). At the meeting point near the entrance,
marking the beginning of the visit, the researcher switched on
the group’s camera and they set off on their visit. As such, the
entire visit was recorded, with audio and video, through this
one camera.

Participants

Ten family groups participated in the study, totaling 42
visitors: 27 females (11 adults, 15 children, and 1 adolescent)
and 15 males (5 adults, 7 children, and 3 adolescents). The
groups were limited to six members to enhance conversation
capture, and had to have at least one adult aged 18 or over
(mother, father, uncle/aunt, and grandparents) and one child.
The age groups of the children were based on the legislation of
the Mexican Institute of Youth, published in the Official
Gazette of the Federation in 1999, which considers individuals
aged up to 11 years old to be children (DOF, 1999). We chose
the age groups that included children and adolescents, as they
cover a school-age public, when language becomes more
conscious and intentional and mental operations are honed,

which favors the dialogic process in the family relationship
(Elkonin, 1969) (Table 1).

The total visit time, summing the duration of each of the
visits by the family groups to the exhibition, was 364 minutes
and 46 seconds, with the mean time of each visit being 36
minutes. G7, G6, and G3 were the groups that stayed longest —
more than one hour - at the exhibition. The shortest visit was
by G5 (12 minutes 47 seconds), followed by G1, G8, and G10.

Data Analysis

The audiovisual material from the visits was inputted into
Dedoose 8.0.23, to help with the analysis of the groups’
conversations based on the proposed categories. Since some of
the material was not directly related to the objective of this
article (conversations about evolution), the first stage of the
work involved identifying “significant events,” namely,
segments of conversation in which the participants engaged in
conversations on the target topic (Ash et al., 2002). For a
segment to be classified as a significant event, it must: (a) have
a beginning, middle, and end; (b) have discursive content
related to evolution; and (c) include sustained dialogue in
which family members demonstrate cognitive engagement
and scientific reasoning about evolution.

The studies conducted by Evans et al. (2010), Tare et al.
(2011), and Spiegel et al. (2012) served as a reference for
classifying the types of reasoning. As identified in the
introduction, these authors proposed the study of the types of
reasoning used during family conversations about evolution in
the exhibition Explore Evolution hosted at different natural
history museums in the United States. In this study, the
categories and their respective subcategories were adapted in
order to cover the evolution-related topics addressed in the
exhibition that prompted discussions among the families on
their visits. As such, the following categories were included in
the analysis: (1) evolutionary reasoning, (2) intuitive
reasoning, and (3) mixed reasoning, as defined and
exemplified in Table 2, where categories of conversations
about evolution and reasoning, number of occurrences, and
percentages of categories and sub-categories identified in the
family conversations were recorded on the visit to the
exhibition Darwin, la exposicion — Explorando las especies at
Museo Trompo Magico, Mexico.
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Table 2. Conversations about evolution

Definition Examples Occurence
Rudimentary Darwinian thinking: Not like the reasoning of an expert, but spontaneously
Evolutionary reasoning evoking terms related to evolution, with the concepts of variation, inheritance, selection, 118 32.6
time, common descent, and ecological pressure
Refers to the differences between individuals in a
Variation population such as different characteristics and Different eye colors in a population 15 127
behaviors, a mutation, or genes

Inheritance Refers to the passing of genes from one Gene for the size of the beak of progenitors and 10 8.4

generation to the next

descendants

Refers to the common ancestry of organisms,

Common descent
species or descendants

demonstrating the kinship between different

Humanoids and monkeys have the same ancestry 33 28

Natural selection: The idea that organisms with
certain traits that are adapted to an environment Birds with bigger beaks eat bigger and wider seeds

are more likely to survive and pass on these

and survive in the environment

Selection characteristics to the next generation 21 178
Artificial selection: The selection of certain . i .
. . . Selection of specific traits of plants so they can
characteristics of organisms in order to make -
- . resist pests
future generations more resistant.
Refers to the idea that evolution requires . .
. . . Evolutionary change may occur quickly (e.g.,
Time successive generations before the changes to a . 32 27
. . . bacteria) or slowly (e.g., whales)
population can be observed /evolutionary time.
. Refers to ecological pressures as causal agents of .. .
Ecological pressure . R 'g . p . .g Corals respond to rising sea temperatures and die 7 6
diversification or changes in species
... . Everyday explanations that come easily to mind when we are solving a problem; common-
Intuitive reasoning Tyday exp y . gap 124 34.3
sense reasoning
Anthropomorphization and explanations based . . s
. p p . p . An organism finds out it likes water and changes
Intentional on the mental state (thinking, language), skills, or . . 23 185
. . 1ts environment
conscious effort of the organism to act or change
Development: Refers to desire or wish - the . . .
veop . Change based on the animal’s desires or wishes
organism develops towards a goal that is yet to be 2 0.7

Goal-directed attained
adaptation Needs: Refers to changes in the organism to meet Changes based on the animal’s needs (survival,
a need or purpose; a functional or adaptive bodily and behavioral changes, based on the 3 0.5
behavior environment)
Relationship between an organism and its
environment, explaining the existence of a given . . . .
. . . . . > Environment is warm, so a particular animal
Static adaptation organism in a given place or having certain 23 18.5

features, without mentioning environmental

change

could be found there

Analogies and

comparisons everyday life

Association between the evolution topics in the
exhibition and previously known facts or

Associating the bone morphology of whales’ and
humans’ hands, without making reference to 52 42
their ancestry

Refers to a specific agent that brought the
organism from one place to another

Winds or humans carry plant seeds to different
places

Proximate cause

before

Refers to the fact that the organism always 0.8
existed in a specific place, but was not detected

No new species emerge, they just exist, but had
not been discovered before

Mixed reasoning

A mixture of evolutionary and intuitive reasoning

120 33.1

RESULTS

There were 172 conversations about evolution recorded on
the family visits, corresponding to 24% of the total visit time.
The breakdown of the different types of reasoning used by the
family members is: evolutionary reasoning — 118 occurrences
(32.6%) in 62 conversations; intuitive reasoning - 124
occurrences (34.3%) in 59 conversations; and mixed reasoning
— 120 occurrences (33.1%) in 51 conversations. The main
categories (evolutionary, intuitive, and mixed reasoning) are
mutually exclusive, but the subcategories of the same category
may overlap in part of a significant event, which is why the sum
of the occurrences exceeds the total number of conversations.

None of the families directly spoke about or expressed ideas
based on creationist reasoning — a category investigated in
other studies employing a similar analysis (e.g., Evans et al.,
2010; Spiegel et al., 2012; Tare et al., 2011) — and they did not
avoid evolutionary issues either.

It is worth noting that the family members mentioned
evolutionary terms such as “Darwin” and “survival of the
fittest” 215 times during the conversations and although some
of these terms were only mentioned and were not developed
into conversations with scientific reasoning, they stood out for
the high number of occurrences. They occurred in response to
reading a word on an exhibition panel or after a conversation
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about evolution. Below, we detail and exemplify the three
reasoning patterns found.

Conversations Demonstrating Evolutionary Reasoning

In the evolutionary reasoning category, which covers
rudimentary (not in-depth) Darwinian scientific thinking, the
most frequently voiced concepts were: common descent (n=33),
time (n=32), natural selection (n=21), and variation (n=15). The
least frequent concepts were inheritance (n=10) and ecological
pressure (n=7). Generally, these subcategories co-occurred, as
shown in the examples below.

Example 1 - Organisms in different environments (G3)

Cl1: ... and then, they went to...? V1: Galapagos islands,
where they found the giant turtles we saw [at the
beginning of the exhibition] [reading]: “He found
plants, birds, and turtles with unique relationships. But
they look like the species from the mainland (...)”
They’re related. Let’s see what it says about the Andes
[reading] it says that “the mountains rose up little by
little.” The gigantic Andes grew with earthquakes like
this [showing with hands]. C1: See what it says about
the Maldives. “The birds ... contrast with those from the
mainland” [reading]. V1: Remember that they were
similar here? [on the Galapagos islands] C1: Mm-hm.
V1: Here [in the Maldives] they’re really different,
according to the specimens [common descent/natural
selection /timel].

Example 2 - Adaptions in cormorants (G6)

They couldn’t fly, but they adapted. They couldn’t fly
and they lived on an island. What did they do then? C1:
They swam. V1: So look at its feet. What were they like?
C2: Like a duck’s. V1: As if it was a duck, yes. But look
more [opens his/her hand]. C2: What’s it called? C1:
Membranes. C2: Right. V1 [reading]: “They’re perfectly
adapted to swimming, which is much more useful when
it comes to looking for octopuses, their favorite food.”
C2: Octopuses! V1: “They’re wonderfully adapted to
their environment. However, when people arrived with
dogs, cats, and other animals, the defenseless birds
were left at their mercy and now very few exist” [natural
selection/variation].

Example 3 — Armored ancestors (G8)

V1: Look, they think they were like this [glyptodonts
and armadillos]. They all end up adapting and evolving.
C1: Oh, like in Ice Age? V2: Mm-hm. V1: They believe
they were like this at the time of the dinosaurs (...) C4:
They think they were like this [points to the biggest]
and now they’re like this [points to the smallest]. V1:
Mm-hm. C4: How do animals evolve with ... C1: Time.
They adapt. If there’s sunshine, if there’s no sunshine
... V2: Exactly. And other factors of natural selection
[common  descent/time/natural  selection/ecological
pressure].

The above examples show how the family members
engaged cognitively in different ways with evolution-related
topics. For example, the adult in G3 encourages the child to

think about similarities and differences among island and
mainland animals and plants, giving ideas of time, natural
selection, and common descent, and recalling information
acquired earlier in the exhibition (example 1). In passages like
“Let’s see what it says about the Andes [reading] it says that ‘the
mountains rose up little by little’,” the subcategory time is
evident, with the mother using the information from the
exhibition to reinforce the time things take to change, albeit
in a superficial manner.

In G6 (example 2), when the daughter expresses curiosity
about the membrane of the foot of the island birds, the mother
encourages her to think critically and reflect on the changes
undergone by the species, drawing on natural selection and
variation. Meanwhile, in G8 (example 3), the ideas of time,
ecological pressure, and natural selection are used by the
children and adult (V2) to talk about evolution, as in the
passage:

“C4: How do animals evolve with ... C1: Time. They
adapt. If there’s sunshine, if there’s no sunshine ... V2:
Exactly. And other factors of natural selection.”

This group also comment on previous knowledge when the
child relates the glyptodon to the movie Ice Age and the adult
mentions the time of the dinosaurs.

In one of part of the exhibition, where the families could
observe the skeletons of different species, different comments
were also observed about the similarities and differences
between some of the structures. Some of the family groups saw
certain similarities between the species as evidence of common
descent, as shown in the following examples.

Example 4 - Similarities between animals (G3)

V1: Have you noticed that the hand for grasping, the
bat’s wing for flying, and the fin of the whale for
swimming, guess what? C1: What? They’re the same?
V1: They look alike. Look at image in the panel
[reading] “often, they have a very similar structure. For
Darwin, their similarity was one more indication that
large classes of organisms, such as mammals, share a
common ancestor.” C1: Wow, they’re related [common
descent].

Example 5 - Similarities between embryos (G6)

V1 [reading]: “Darwin was impressed by the similarities
between the embryos he removed from the belly of the
females.” C1: Well, first he, he thought it had to do with
the family tree, he thought they had the same distant
ancestor or similarities in the big classes. The first
embryo is a bat, then a rat and a horse. V1: But they
have nothing to do with each other [the animals]. C1:
But you can see how similar the embryos are. V1: Mm-
hm, that’s right [common descent].

In G3 (example 4), the mother prompts a comparison
between homologous structures of humans, bats, and whales
for her children by asking questions, giving explanations, and
reading scientific evidence on the exhibition panel. In G6
(example 5), when the youth observes the development of the
embryos of different animals, s/he notices that there are few
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differences in the early stages of growth, explaining his/her
reasoning to his/her mother upon verifying this fact. In both
examples, evidence of similar skeletal structures supports the
idea that the animals had a common ancestor at some point in
time.

In example 6, the subcategory inheritance — one of the least
frequent in the conversations — appears when G6 is intrigued
by the similarities in an old photo. Adult V1 begins reading
information about the photo and comes across more complex
evolutionary concepts, such as genes and mutations. At that
point, he redirects his children to another module.

Example 6 - Similarities and genetic inheritance (G6)

V1: Just look at anyone’s face [in the photo] to see the
similarity there was. How were these similarities
transmitted? [reading] These similarities, genetic
inheritance, was never understood during Darwin’s
lifetime (...) scientists did not really understand the
mechanism of inheritance after 1900, when they
acknowledged the validity of Mendel’s Laws, another
scientist. V2: Who’s this one? V1: He’s an ancestor. You
know, honey, they didn’t understand because they
didn’t understand the existence of genes. Do you know
what genes are? [C1 and C2 shake their heads] V1: You
don’t know either? [the children laugh]. V1: Let’s go to
the next one [module] [inheritance/time].

It is worth mentioning the conversations on the topic of
human evolution, which occurred 19 times, in almost all the
family groups, with the exception of G2 and G5. Although this
subject was not very frequent if compared to the total number
of conversations on evolution (172), it is a subject that is
normally avoided or not addressed by museum visitors, which
is why we regard the fact that the families to this exhibition
did talk about it worthy of note. The conversations display
cognitive engagement for scientific reasoning in comments
that mainly elucidate the processes of change in the
subcategory time. Examples of this are illustrated below.

Example 7 - Human evolution (G7)

V1: Did you see? About humans? C1: Wow! V1: Now
we’re up there, Homo sapiens, in the present, but we
came from there [pointing down], seven million years,
the oldest man ever found. He changes one by one until
he gets to here [time/common descent].

Example 8 - Human evolution (G10)

C1: Where are we? V1: Right. Homo sapiens, there! C1:
And why are they similar? V2: Here? [pointing at the
skulls at the bottom]. Hominids lived seven million
years ago. They evolved, they’re always changing. Look
[showing the hominid family tree]. C1: Are we Homo
sapiens? V2: Yes, we started there [pointing at the base
of the tree] and we got all the way up there. That’s what
our skeleton was like, our first head. Cl: Oh
[time/common descent].

The parents of G7 and G10 (examples 7 and 8) explain to
the children about time and common descent in the evolution
of hominids.

“V1: Now we’re up there, Homo sapiens, in the present,
but we came from there [pointing down]” and “V2: Yes,
we started there [pointing at the base of the tree] and
we got all the way up there. That’s what our skeleton
was like, our first head.”

The parents also draw on their own previous knowledge in
this process, mentioning that humans are Homo sapiens.

Conversations Demonstrating Intuitive Reasoning

In the category intuitive reasoning, which covers everyday
explanations that easily come to mind when solving problems,
the strategies most commonly used to explain the evolution-
related topics were analogies and comparisons (n=52),
intentional (n=23), and static adaptation (n=23). The least
common  strategies were  goal-directed  adaptation
(development, n=12; needs, n=13) and proximate cause (n=1). In
this type of reasoning, the co-existence of more than one sub-
category in the same conversation was also found, as in
examples 9 and 10, where analogies and comparisons and
intentional are used by the family members with cognitive
engagement strategies

Example 9 - The Monkey Jenny (G3)

V1 [reading]: “Zoo keepers would often think of the
almost human qualities of these animals, dressing them
up in children’s clothes.” Look, when Jenny, the little
orangutan, got angry with her keeper, what do you
think she did? C1: What? V1: She fell down onto the
ground, kicked and cried. Like who? C1: Like a spoilt
child [laughs] V1: Just the same [intentional/analogies
and comparisons].

Example 10 - Rhinoceros (G7)

C1: The same day Darwin made comments about Jenny,
he observed that the rhinoceros, which was outside on
the first warm day of spring, [reading] “kicked and stood
up on its hind legs.” V1: ...with happiness. C1: Yes!
[laughs] [intentional/analogies and comparisons].

In the episodes above, the subcategory analogies and
comparisons is used by the adults to bring the exhibition
content closer to real life and the children’s previous
experiences, as seen in the excerpt

“Like who? C1: Like a spoilt child” (G3, example 9).
Meanwhile, intuitive reasoning used intentionally can
be seen in passages like “V1: She [the monkey] fell
down onto the ground, kicked and cried” (G3, example
9), and “[the rhino] kicked and stood up on its hind
legs” V1:...with happiness.”

In G7 (example 10), where human characteristics,
behaviors, and feelings (crying, having a tantrum, having fun,
sleeping, enjoying) are used to describe other animals.

One thing worth highlighting from the conversations from
the intuitive reasoning category has to do with the questions,
explanations, and description of evidence made by children
and adolescents themselves about the evolution of animals,
using the subcategories intentional and analogies and
comparisons, as shown below.
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Example 11 — Armored ancestors (G3)

V1: Look at that armadillo. Look how big it is! C1: No,
the armadillo is that little boy. V1: Which one’s bigger.
Instead of that big armadillo, right? C1: They’re all from
the armadillo family. C2: Oh. This is the grandfather, so
father and son. C1: I think that’s how they are, one
that’s normal, another that evolves differently, then
another, another [evolution] [intentional].

Example 12 - Butterflies (G4)

C1: Hey look, what pretty butterflies! They look like
leaves. Look at that one. It’s got owl eyes. V1: Yes, it
has. (...) C1 [reading]: “Color is just one way that plants
and animals adapt well to places where they live.”
Really, V1, you have to see this! Here, which of these
two is the butterfly? [V1 points]. Cl: Both have
butterflies. And here, mmm. Another butterfly. One is
white as snow and the other is green [analogies and
comparisons].

In example 11, the child from G3 associates information
s/he knows about family with the armadillos, using known
kinships (father, grandfather, son) to make an association with
ancestry. Meanwhile, in example 12, the child from G4
associates the coloring of a butterfly with the color of a leaf
and the eyes of an owl:

“C1: Hey look, what pretty butterflies! They look like
leaves. Look at that one. It’s got owl eyes.”

These analogies and comparisons demonstrate potential for
the children to develop understanding of the mechanisms of
mimicry and camouflage on other occasions.

Other examples that illustrate how the category intuitive
reasoning is used have to do with the way organisms adjust to
their environment (static adaptation, n=23), which is why a
given organism is to be found in a given place; and, to a lesser
extent, the animals’ intrinsic needs for their survival (need-
directed adaptation, n=13). Sections that fall into these
subcategories are shown below.

Example 13 —Armored ancestors (G6)

C1: That wouldn’t be possible if it was still alive. V1:
Why not? C1: It wouldn’t be able to eat. V1: It wouldn’t
be able to do what? C1: It wouldn’t be able to eat,
because there isn’t that much special food as there was
at that time or not enough for it to survive. V1: Right.
[static adaptation].

Example 14 - Color of seeds (G4)

C1: “Color is just one way plants and animals adapt to
the place where they live” [reading]. V1: What do they
eat? What color is it? C1: Green. V1: Look, if it’s in
orange mode [the environment], the green one [seed]
will get eaten. If it’s in green mode [the environment],
the orange one [seed] will get eaten. Do you see? V2:
Are they beetles? V1: They’re ladybugs. It’s about
selection. If it’s green [environment], the green ones
[seeds] survive; they eat orange ones [seeds], if it’s

orange [environment], the orange ones [seeds] survive
[static adaptation /goal-directed adaptation — needs].

Example 15 - Evolution in animals (G8)

V1: Can you see it? What a big dragonfly. C1: Aha! V1:
They were supposed to be big, but they get small, they
evolved. C1: What’s that? C2: Let me see. Dragonfly.
V1: They say that all inhabitants of the earth have an
ancestor and evolve according to their needs, you see?
Turtles aren’t so big any more. C1: It wouldn’t survive
like that [goal-directed adaptation — needs).

Example 13 shows an attempt by the youth to explain the
extinction of the glyptodont, drawing on the concept of static
adaptation when s/he mentions that the environmental
conditions were not favorable for an animal with such needs to
feed. Meanwhile, in example 14, drawing on a reading of the
panel, family G4 elaborate questions and explanations on the
influence of coloring (in the environment, in animals) on
survival in the habitat:

“V1: Look, if it’s in orange mode [the environment], the
green one [seed] will get eaten. If it’s in green mode [the
environment], the orange one [seed] will get eaten.”

Meanwhile, the same family draws on need-directed
adaptation to justify this influence, such as:

“If it’s green [environment], the green ones [seeds]
survive; they eat orange ones [seeds], if it’s orange
[environment], the orange ones [seeds] survive.”

As for G8 (example 15), the mother also gives the children
explanations of how animals evolve, using need-directed
adaptation such as

“V1: They were supposed to be big, but they get small,
they evolved.”

As for goal-directed adaptation - needs — explanations that
an animal adapted in response to a conscious desire or
intention to change — these were observed primarily (in 7 out
of the total of 12 occurrences) in conversations related to the
theme of human evolution. The examples presented below
provide evidence of how this subcategory was employed.

Example 16 - Human evolution (G6)

V1: Orangutan skeleton. Cl: Look, it’s your size. It
looks like Nena. [laughs] C2: Hey. V1: Hey, honey, it
says that you’re like an orangutan, you’ll think you
haven’t evolved. C1: That’s right! I'm not a monkey, I
want to evolve [goal-directed adaptation — development].

Example 17 - Human evolution (G8)

V1: Humans came from primates and monkeys. All the
others [hominids] were extinct. They all come from that
one [hominid] that looks like a monkey. C1: Which one,
mom? [V1 points] This one? V1: Look, they think it was
like this. C1: Monkey...V1: ...chimpanzees, primates,
hominids, and then humans [analogies and
comparisons].



Massarani et al. / Interdisciplinary Journal of Environmental and Science Education, 18(2), e2267

9/17

Both examples contain statements that diverge from
currently accepted scientific knowledge. In example 16 (G6),
the mother introduces her conception that humans are an
evolved form of monkeys and that monkeys did not evolve
because they are more primitive. In response to this statement,
the adolescent introduces his/her explanation based on
development, saying that he isn’t an orangutan, and that he
wants to evolve. Meanwhile, in example 17, there is a similar
statement but it is based on a single evolutionary line reported
by the mother of G8:

“V1: Humans came from primates and monkeys.”

However, this example shows that the family uses
evolutionary thinking and reasoning, because they develop a
line of ancestry and indirectly talk about the evolution of
individuals over time, as observed in the passage:

“V1: Look, they think it was like this. C1: Monkey...V1:
...chimpanzees, primates, hominids, and then
humans.”

Conservations Employing Mixed Reasoning

Conversations that included both evolutionary reasoning
and intuitive reasoning were observed in all the groups except
for G2 and G5. The families that used mixed reasoning used
evolutionary concepts such as selection, time and common
descent, demonstrating a more complex pattern of reasoning
(evolutionary reasoning), while at the same time giving some
goal-directed adaptation related to needs and development,
and assuming this was intentional (intuitive reasoning), as
shown below.

Example 18 — Armored ancestors (G1)

V1:...it’s that this is from something that happened a
long time ago, from a person who devoted himself to
observing animals and seeing how they evolve. Do you
think birds were always the way they are now? C1: Yes.
V1: Well, no, look, you’re quite wrong. Birds used to be
different. C1: Don’t tell me, like a pterodactyl. V1:
Look, see what it says there... “armored,” they’re like
grandparents. That man studied all the grandparents of
the animal species that you know today. C1: This one’s
a... V1: It says here, look. C1 [reading]: “a pygmy
armadillo.” So this is this one’s grandpa. V1: Right. And
it’s the same thing with all the animals, honey
[time/common descent/intentional/analogies and
comparisons].

Example 19 - Plant reproduction (G3)

V1: Look at plant reproduction. Plants that are
pollinated by insects produce more seeds than plants
that self-pollinate. Like one plant near another through
the air and water, the ones that are aquatic. [reading]
“In the struggle of natural selection, plants that
exchange pollen should come out better,” meaning
they should be much better adapted (...) see how the
plants are connected, they want to self-pollinate, but if
birds help them to pollinate, all the better. Cl1: Yes

[natural  selection/ecological  pressure/goal-directed
adaptation — development /intentional].

Example 20 - Artificial selection in horses (G6)

V1: Equines, this is a horse [pointing at the leg] and this
is now. Look, these are your ancestors. C1: Ah. V1
[explains after reading]: Look, evolution by artificial
selection. Humans learned to accelerate the process of
evolution. Do you know what they do? C1: What? V1:
They cross this horse, which has all these features they
like, nice things it has, with this mare, who’s also very
pretty, and they get married and have better children.
C1: Wow [common descent/artificial
selection/intentional].

In examples 18, 19, and 20, the families describe cases of
evolution drawing on the concepts of time, common descent,
selection, and ecological pressure, and describe the species
using human characteristics (e.g., helping, getting married,
being pretty, etc.), as in the passages

“but if birds help them to pollinate, all the better.” (G3)

and

“and they get married and have better children.” (G6)

or human kinship (grandfather, father, and son) (G1):

“V1:(...) they’re like grandparents. That man studied all
the grandparents of the animal species that you know
today.”

- an example that also expresses the subcategory intentional.
They also draw analogies and comparisons and give need-
directed adaptation, as in G6, after V1 reads the passage

“V1: plants that exchange pollen should come out
better” and “[plants] want to self-pollinate.”

In some conversations, the adults indicate knowledge
about the mechanisms of evolution and adaptation,
associating them to the theme of the exhibition, as seen in the
passages below.

Example 21 - Mimicry in butterflies (G3)

V1: Look at those owl butterflies. Do you know why
they’re those colors? C1: Because they look like an owl.
Look at the eyes. V1: And also... they land on some
trunks, some pine trees, I can’t remember the name of
the tree, and you can’t see them. When they’re on the
tree, you don’t see them. They’ve camouflaged
themselves really well to survive [natural
selection/analogies  and  comparisons/goal-directed
adaptation - needs].

Example 22 - Armored ancestors (G6)

V1 [reading]: Look: “one of Darwin’s most remarkable
discoveries was the shell of a giant animal like an
armadillo. What were these animals? In an excavation,
Darwin associated it to the glyptodont.” (...) It could be
that the oldest species evolved into new ones over long
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periods of time. Do you all agree? That this armadillo
that used to be giant evolved into the forms that we’ve
seen, that we know? C1: YES. V1: What do you think?
What about the other one that’s totally different? It
died and there was another one just the same. C2: It
died. C1: It has a common ancestor. V1: Why did it have
to be smaller? Cl: Yes, because of climate change,
there’s no food. It’s just like Ice Age. V1: Yes. Imagine
this [pointing at the oldest one], what it would feed on
now there’s so little food. Do you think that this big one
died and .. just imagine how it could survive today
[time/common descent/variation /ecological
pressure/analogies  and  comparisons/goal-directed
adaptation - needs].

Example 23 - Armored ancestors (G9)

C1: Look at the armadillos. Is this one like the ancestor
of the super ancestor? [reading]: “Glyptodont, ancestor
of the armadillo.” C2: Look, what an armadillo! C1: This
is the one that lives today, the armadillo. V1: That little
boy is our guy today. The big man is the ancestor. C3:
It’s like a more evolved version of this one. C1: Yes,
that’s right [NAME], this is the evolution of the
evolution. C3: Which one? C1: The little one is the
evolution of the evolution. That was the first one, this
was one evolution and another. That one from the Ice
Age. C3: Yes, I know. V1: And it carries on evolving. V2:
Yes, they evolve because at some point in time the
glyptodont didn’t have enough food, so its diet changed
and that’s how it evolved. [time/common
descent/variation/static ~ adaptation/analogies  and
comparisons/goal-directed adaptation - development].

In example 21 (G3), when the mother and child talk about
mimicry and camouflage, they highlight some features related
to the subcategory natural selection, drawing on need-directed
adaptation, associating the change intrinsic to the animal to its
need for survival, such as:

V1: And also... they land on some trunks, some pine
trees, I can’t remember the name of the tree, and you
can’t see them. When they’re on the tree, you don’t see
them. They’ve camouflaged themselves really well to
survive.”

In example 22 (G6), these two types of reasoning also
appear together in the explanations of the environment and
the need for survival. The family make use of evolutionary
reasoning to talk about time, common descent, variation, and
ecological pressure, and intuitive reasoning for the need-directed
adaptation. Both passages contain examples of analogies and
comparisons.

What the children and adolescents from G9 say also
demonstrates the development of the evolution-related
subjects of common descent, time and natural selection,
concomitantly with more intuitive explanations (static
adaptation and need-directed adaptation) to speak of the
animals’ evolution, drawing on the texts, as can be seen in
example 23, to develop questions and explanations.

DISCUSSION

The aim of this study was to analyze the experiences of
families visiting an exhibition about Charles Darwin, in
particular their conversations about evolution and the types of
reasoning they used on the subject. The results showed that
24% of the visit time was occupied by dialogues related to
evolution - a significant proportion given the complexity of
the topic. The content analysis indicates that, to a greater or
lesser degree, the exhibition was able to engage the families in
questions about evolutionary processes in the three types of
scientific reasoning investigated.

Exhibitions often serve as a starting point for family
interactions and conversations. In this study, we found that
the exhibition on Darwin presented content that emphasized
the time associated with micro- and macroevolution, as well as
information on common descent, natural selection of species,
and human evolution - topics that influenced what was
discussed and the level of knowledge expounded by the
families. For example, the content tended to prompt
conversations displaying elements of the concepts common
descent (n=33), time (n=32), natural selection (n=21), and
variation (n=15), from the category evolutionary reasoning.

In general, the families displayed evidence knowledge
related to these subcategories, demonstrating a certain
familiarity with evolutionary concepts, as in the common
descent subcategory, in which the visitors mentioned the main
aspects of ancestry and did not express essentialist thinking.
An essentialist perspective sees species as stable and
immutable over time, making them unable to change into
another species, which makes evolutionary change,
particularly the subcategory under discussion, strongly
counter-intuitive (Evans, 2000, 2001, 2008; Mayr, 1982).

Despite their high occurrence, the evolutionary concepts
present in the subcategories common descent, time, and natural
selection were not discussed in depth. Evidence of this occurred
when G3 realized that island species were different from
mainland species (example 1) and when G6 observed structural
adaptations in island birds (example 2). In these examples, the
family members mentioned the main concepts that permeate
evolution, but made reference to the occurrence of
evolutionary mechanisms themselves over time. In summary,
the families associated the changes undergone by organisms
with their environment, not with the diversity of the members
of the species (intraspecific diversity), which acts over
generations, as proposed by Darwin in the theory of natural
selection or as in genetic mutation, postulated in Neo-
Darwinism.

Although most visitors were willing to accept evolutionary
ideas, the study participants were not sufficiently familiar with
the fundamental principles of evolution to understand the
mechanisms of evolutionary change proposed by Darwin
(Evans et al., 2010). Similarly, other investigations of evolution
in formal settings with students from different levels of
education, from secondary to undergraduate, found that they
apparently accepted the ideas of evolution but often
misinterpreted natural selection, relating evolutionary change
to pre-Darwinian terms (e.g., Banet & Ayuso, 2003; Bishop &
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Anderson, 1990; Brumby, 1984; Evans, 2000, 2001; Nehm &
Reilly, 2007).

Another subcategory that deserves mention in this study is
variation. In their discussion of this concept, Evans et al. (2010)
state that it is one of the first complex evolutionary concepts
to be understood by visitors. They believe that the perception
that there are small differences between different members of
a given species is an important means of modifying essentialist
perspectives (Evans, 2000, 2008). Our data are consistent with
this view, demonstrating that the family members noticed
some variations within populations. In example 2, for
example, the participants comment on different
characteristics of birds in the Galapagos Islands. Therefore,
our results reinforce the position that understanding there is
variation among individuals from a given population
(intraspecific diversity) is a crucial step for visitors to
understand evolutionary change and the mechanisms of
natural selection.

However, in the excerpts of conversation in which variation
co-occurred with concepts related to selection, inheritance, and
time, it was observed that the families expressed conceptions
that diverged from accepted and current knowledge about
variation. Our result is in line with the thinking of Bishop and
Anderson (1990), who studied the different views of high
school students on some evolutionary topics, including
variability, and noticed the presence of Lamarckian thinking in
the ideas of the use/disuse and inheritance of acquired
characters, as in

“They (cheetahs) might have had to run fast to escape
predators and gradually their muscles and bones
changed to adapt to this”.

Evans et al. (2010) argue that when they can see that an
organism’s survival in an altered environment depends on
particular genetic characteristics, visitors are in a position to
understand the main aspects of natural selection: differential
survival and differential reproduction (Evans et al. 2010),
which, however, was not observed in the examples of this
subcategory.

Similarly, between 1998 and 2000, Sadnchez Mora and
Ramirez (2016) studied the knowledge of Mexican school and
university students aged 12 to 20 on evolutionary topics. They
reported several problems in the students’ interpretations,
including: not considering variation or not
knowing/understanding its origin; not understanding the role
of natural selection; understand evolution as changes in
individual organisms and not in populations as a whole;
considering evolution only in the past tense. Furthermore,
they claimed that evolutionary explanations were based on
alternative concepts and reinforced a Lamarckian slant. The
same was observed in the family conversations in our study.

Among the less represented categories were inheritance
(n=10) and ecological pressure (n=7). The inheritance
subcategory presents more complex concepts, such as genes
and mutations, which may be why it appeared little in the
family conversations. This finding is compatible with other
studies on evolution with children, adolescents, and adults
(Evans et al., 2010; Kargbo et al., 1980; Spiegel et al., 2012).
Kargbo et al. (1980) argues that it is common for children to

confuse hereditary and non-hereditary characteristics in
populations and that some individuals, even of an older age,
believe that environmentally induced characteristics, such as
the lack of a finger, can be transmitted to offspring under
certain circumstances. Our results suggest that these
difficulties in understanding genetic inheritance extend into
adulthood, as seen in example 6 (G6), which shows that the
adult directs children to another module, apparently because
they do not know how to explain what genes are.

In their investigation of the knowledge of 14- and 15-year-
old students of evolution, Jiménez-Aleixandre et al. (2000)
found that the topic inheritance was difficult to understand, as
it requires a certain capacity for abstraction. Banet and Ayuso
(2003) suggest that this topic can be introduced through more
general subjects, referring to easily recognizable
characteristics of humans or pet animals. In the exhibition
studied here, a family photograph was used in the topic
Inheritance, but it was chosen to address the history of the
discovery of genes. In our view, the exhibition could have
addressed the topic by associating genes with characteristics
similar to the ones of the family members in the photograph.
Therefore, although it was not our objective to analyze the
exhibition, we believe that this choice may have influenced the
visitors’ understanding.

The subcategory ecological pressure also appeared very
little (n=7), with example 3 (G8) being one of the exceptions,
in the passage where C1 points out environmental conditions
as one of the evolutionary factors of the species

“C4: Time. They adapt. If there’s sunshine, if there’s no
sunshine”.

Evans et al. (2010) mention that an important insight in
this subcategory 1is the perception of visitors that
environmental changes exert significant pressure on
organisms, as in the example on finches: “They adapted fairly
quickly to the change in food,” without relating it to natural
selection. Our data contrast with those of Evans et al. (2010)
and Spiegel et al. (2012), who identified this subcategory in
several statements by the visitors they interviewed. In this
study, the low association of species changes with ecological
pressure may be related to the fact that the family groups only
made associations with the organism-environment
relationship as a causal agent of this diversification, without
considering environmental action itself.

We highlight the conversations about human evolution
that took place in the evolutionary reasoning category. In these
dialogues, cognitive engagement for scientific reasoning was
observed in comments about the change processes, as in
example 7 (G7), where V1 mentions the evolutionary lineage
of hominids, and example 8 (G10), where V1 uses prior
knowledge to show the child where humans are in the
evolutionary lineage and the skeletal changes that have
occurred over time. In contrast, other studies that have
covered reasoning patterns (e.g., Evans, 2000, 2008; Evans et
al., 2010) have noted that visitors avoid the topic of human
evolution, based on religious and cultural issues and on the
controversial nature of common descent.

In the conversations employing intuitive reasoning, the
most frequent subcategory was analogies and comparisons
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(n=52), drawing associations between the evolutionary
contents seen in the exhibition and real-life events and family
experiences. Discussing the ways of learning about science
involving parents and children, Bell et al. (2009) argue that
associating scientific thinking with pleasant and engaging
events related to everyday life can create important
connections on a personal and collective level, while also
serving as a strategy for attracting the public to an exhibition
(Silva & Gomes, 2009; Soares et al., 2013). Furthermore, these
strategies make the subject more understandable for children
and adolescents (Leinhardt et al., 2002). In this sense, sharing
previous and personal experiences (Zimmerman et al., 2009)
helps to give meaning to an exhibition experience (Massarani
etal., 2019a), as seen in example 1 (G3), when family members
refer to knowledge acquired earlier in the exhibition, or in
examples 3 (G8), 22 (G6), and 23 (G9), which make reference to
the movie Ice Age.

Occurring in equal measure in the families’ conversations
in our study were the subcategories intentional and static
adaptation, appearing 23 times each. In the former case, the
participant used human characteristics, behaviors, and
feelings to describe the organisms. This behavior may be
associated with a type of unconscious language based on the
assumption that attributing anthropomorphic characteristics
to animals will make it easier to understand what is being
shown in the exhibition (Tare et al., 2011). Rigney and
Callanan (2011) state that adults often employ this kind of
discourse in reference to typical animals, with specific features
and movements, and which somehow encourage children to
anthropomorphize. Such patterns were identified in this study,
in excerpts when the G3 adult mentioned human behavioral
characteristics in monkeys (example 9), when the G7 adult
mentioned human feelings in rhinos (example 10), and the G3
child associated human kinships to armadillos (example 11).

As for the subcategory static adaptation — the reason why
an organism can be found in a certain place — Evans et al.
(2010) state that visitors used alternative conceptions such as
referencing the organism-environment relationship to justify
the organism’s existence in that environment. For Sdnchez-
Mora (2000), visitors are unable to understand that
environmental conditions only affect the persistence and
dispersion of existing characteristics in organisms. In line with
the work of these authors, our data provide evidence that
family members associated alternative concepts to the
organism-environment relationship as one of the only reasons
for an organism to be found in a particular environment or to
have certain characteristics, without mentioning other factors
as possible agents of change or diversification, as seen in
examples 13 (G4) and 14 (G6).

The least used subcategories in the intuitive reasoning
category were goal-directed adaptation — needs (n=13) and
development (n=12) and proximate cause (n=1). When the need-
directed explanations subcategory was mentioned by family
members, it was linked to the influence of the environment on
survival, as in the excerpt

“V1: If it’s green [environment], the green ones [seeds]
survive; they eat orange ones [seeds]” (example 14, G4)

or

“V1: You see? Turtles aren’t so big any more. C1: It
wouldn’t survive like that” (example 15, G8).

This occurred because family members directed their
thoughts to the animal’s intrinsic needs, characterized as the
changes necessary for survival (Evans et al., 2010). In these
examples, it is evident that visitors believe that necessity
results in evolutionary change, employing a Lamarckian view,
introducing evidence of a pattern of mixed reasoning, discussed
below. This pattern was also observed in need-directed
adaptation, for example in the excerpt

“so its diet changed and that’s how it evolved”
(example 23, G9).

During the mixed reasoning conversations, a possible bridge
was noticed between common sense and scientific knowledge,
which shows once again that belief in evolutionary ideas is no
guarantee of understanding evolutionary mechanisms, but
may be essential in the transition between thoughts. In
addition to the aforementioned co-occurrences, this reasoning
frequently occurred between the subcategories analogies and
comparisons and common descent (n=12) and time (n=11).
Episodes that highlight these associations were illustrated in
example 18 (G1), where different degrees of Kkinship
(grandfather, father, and son) were called on to talk about the
ancestry of animals, and in examples 22 (G6) and 23 (G9), in
which family members made associations with prior
knowledge about dinosaurs and animals from the movie Ice
Age. These examples demonstrate the anthropomorphization
of characteristics and behaviors to characterize the organisms,
possibly as a simpler way to introduce the evolutionary
mechanism of natural selection into children’s scientific
thinking, as well as being a way for visitors to appropriate the
ideas presented, using them more easily in their own
explanations and assimilations.

Chief among the less frequent occurrences of this
reasoning is need-directed adaptation together with the
subcategories ecological pressure (n=1), variation (n=1), and
inheritance (n=0) and development-directed adaptation with the
same subcategories of ecological pressure (n=1), variation (n=1),
and inheritance (n=1). These results reinforce the Lamarckian
view used by the visitors to explain evolutionary change,
associating the use and disuse of structures and inheritance of
acquired features instead of environmental pressure,
intraspecific variation, and genetic change as an evolutionary
justification. As stated by Bishop and Anderson (1990), we
believe that when visitors use explanations based on need and
development, they ignore pre-existing variability within
species and describe change in individual terms, with
organisms developing out of their own will or need. In such
cases, visitors should be introduced to examples and
explanations based on the Darwinian perspective.

To sum up, the integration of intuitive, religious, or
scientific beliefs is a long process and the gaps between these
conceptions seem to be filled by a variety of transitional
concepts, reflecting various combinations of intuitive and
evolutionary ideas (Spiegel et al., 2012). In this sense, our data
provide evidence that family members use such reasoning in
their conversations and that they may simultaneously rally
alternative and scientific concepts in mixed reasoning as a way
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to build their own evolutionary knowledge, using intuitive
reasoning as a basis to reflect on and argue about evolutionary
problems.

CONCLUDING REMARKS

Our study provides evidence that Darwin, la Exposicién —
Explorando las Especies sparked the interest and curiosity of
family groups, introducing them to scientific knowledge about
evolution, eliciting conversations about evolution-related
topics in which they used different reasoning patterns.

In general terms, the families engaged in a cognitive effort
to establish conversations with a meaningful narrative about
evolution for the group, mainly encompassing the scientific
concepts of geological time and common descent, from the
evolutionary reasoning category. The high occurrence of these
concepts could be interpreted as an indication of the
importance of the knowledge and inclusion of human beings
in evolutionary history in a timeline. In other words,
understanding where we “fit into” the story of evolution seems
to be an important aspect for the families in the conversations
in this category. Also in this reasoning, we highlight the skills
used by the families, such as critical thinking and reflection,
when talking about and discussing the most varied scientific
concepts during the visit. Another important point in the
evolutionary reasoning conversations is that the families were
not sufficiently familiar with the Darwinian mechanisms of
evolutionary change (Evans et al.,, 2010), often using
alternative and Lamarckian conceptions. Furthermore, such
conversations did not employ microevolutionary processes
involving more complex concepts, such as genes and
mutations, which may indicate difficulty in interpreting the
content on display.

In the intuitive reasoning conversations, the families
explained and interpreted the evidence on the themes
exposed, making use of causal connections and their previous
knowledge, using analogies and comparisons as the main
strategy. In short, these conversations revolved around
explanatory reasoning, supported by everyday thoughts,
involving causality and contextualization. Although these
conversations have been approached superficially, with
incomplete concepts and mechanisms and alternative
conceptions, we recognize that they play an important role in
conceptual development and learning experiences, especially
in the children, who asked different questions, made different
predictions, and analyzed evidence, which we recognize as
having potential for them to express their reasoning in the
museum environment.

The presence of mixed reasoning - intuitive and
evolutionary - in the same significant event reinforces the
idea that both forms of reasoning coexist in the thoughts and
arguments of the families, in which evolutionary explanations
were observed emerging from previous intuitive ideas and vice
versa. In this way, we reinforce the importance of common
sense reasoning, since its application could mark out an initial
path in the conceptual transition between forms of reasoning.

As limitations of this study, we emphasize that the results
cannot be generalized, as this was a qualitative study carried
out at an exhibition on Charles Darwin at the Mexican museum

Trompo Magico; indeed, this was not our intention due to the
scope of the study. However, although other research is
obviously needed to analyze how knowledge about visitors
develop scientific thinking and reasoning in Latin American
science museums, our findings are important for studies in the
field of science education as they provide evidence that
families engage in conversations involving reasoning to
understand the complex topics inherent to the subject, which
are instrumental in their learning experiences.

We also sustain that understanding what family members
talk about and what reasoning patterns they use may help the
education teams at science museums to design exhibitions
that help develop a contextualized narrative, employing
strategies that encourage visitors to connect different types of
reasoning and to understand the differences between them.

For such, museums need to ensure that what they design
and exhibit establishes effective communication with the
public (Sanchez Mora & Ramirez, 2016), since the exploration
and conversations that take place in these spaces can be
attributed to the exhibition design in particular. (Crowley et
al., 2001). In this process, it would be interesting for the
exhibition to address the evolutionary theme in a playful way,
based on geological and geographic concepts, as it is a simpler
way to understand evolution (Katakos & Athanasiou, 2020).
Also, use leaner and more exemplary texts, focusing on less
technical terms and more on understanding the concepts of
your visitors. Many of the conversations about evolutionary,
intuitive, and mixed reasoning came from previous readings of
the exhibition texts, suggesting that this is an important
source of information that should be improved in museums
and science centers. The use of prior knowledge, linked to
films and drawings, would also be a way of introducing this
complex topic to the experience of visitors during the
exhibition.

This would enable exhibitions to convey fundamental
concepts more successfully and enable visitors to engage in
deeper conversations about evolutionary processes and
mechanisms, resulting in greater understanding and
acceptance of the central ideas of evolution by the general
public.
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