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APRESENTAÇÃO 

Diante do cenário em que se encontra a educação brasileira, é comum a resistência 
à escolha da docência enquanto profissão. Os baixos salários oferecidos, as péssimas 
condições de trabalho, a falta de materiais diversos, o desestímulo dos estudantes e a 
falta de apoio familiar são alguns dos motivos que inibem a escolha por essa profissão. 
Os reflexos dessa realidade são percebidos pela baixa procura por alguns cursos de 
licenciatura no país, como por exemplo, os cursos das áreas de Ciências e Matemática. 

Para além do que apontamos, a formação inicial de professores vem sofrendo, ao 
longo dos últimos anos, inúmeras críticas acerca das limitações que algumas licenciaturas 
têm para a constituição de professores. A forma como muitos cursos se organizam 
curricularmente impossibilita experiências de formação que aproximem o futuro professor 
do “chão da sala de aula”.  Somada a essas limitações está o descuido com a formação 
de professores reflexivos e pesquisadores. 

O cenário político de descuido e destrato com as questões educacionais, vivenciado 
recentemente, nos alerta para uma necessidade de criação de espaços de resistência. É 
importante que as inúmeras problemáticas que circunscrevem a formação de professores, 
historicamente, sejam postas e discutidas. Precisamos nos permitir ser ouvidos e a criação 
de canais de comunicação, como este livro, aproxima a comunidade, de uma forma geral, 
das diversas ações que são experenciadas no interior da escola e da universidade, nesse 
movimento de formação do professor pesquisador.   

É nesse sentido, que o volume 1 do livro Educação: Atualidade e Capacidade 
de Transformação do Conhecimento Gerado nasceu, como forma de permitir que as 
diferentes experiências do [futuro] professor que ensina nas áreas de Ciência e Matemática 
sejam apresentadas e constituam-se enquanto canal de formação para professores da 
Educação Básica e outros sujeitos. Reunimos aqui trabalhos de pesquisa e relatos de 
experiências de diferentes práticas que surgiram no interior da universidade e escola, por 
estudantes e professores de diferentes instituições do país. 

Esperamos que esta obra, da forma como a organizamos, desperte nos leitores 
provocações, inquietações, reflexões e o (re)pensar da própria prática docente, para 
quem já é docente, e das trajetórias de suas formações iniciais para quem encontra-se 
matriculado em algum curso de licenciatura. Que, após esta leitura, possamos olhar para 
a sala de aula e para o ensino de Matemática com outros olhos, contribuindo de forma 
mais significativa com todo o processo educativo. Desejamos, portanto, uma ótima leitura 
a todos e a todas.

Américo Junior Nunes da Silva
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ABSTRACT: This paper describes an 
investigation aimed to systematize contents 
about the taxon Entoprocta, also known as 
Kamptozoa, through concept mapping. The 
authors followed J.D. Novak’s methodology for 
the construction of concept maps by proposing 

a focal issue, and a central, more inclusive 
topic, encompassing several specific concepts, 
used altogether to compose propositions. 
In this Novakian perspective, the authors 
considered the understanding of the use of 
concept maps as tools and the perspective of 
reaching higher degrees of knowledge as basic 
conditions to be attained by the student in the 
process of elaborating the concept map and 
writing an experience report. The mobilization 
of knowledge, effected by personal interactions 
and reading of pertinent bibliographic sources 
enabled the construction of the concept map 
on Entoprocta as a graphic product. The writing 
process also stands out as an element of 
knowledge acquisition and interaction between 
students and researchers.
KEYWORDS: Concept map; Invertebrates; 
Zoology; Learning; Biodiversity disclosure.

RESUMO: Este trabalho descreve uma 
investigação direcionada para sistematizar 
conteúdos acerca dos animais entoproctos 
(camptozoários), por meio de mapa conceitual 
(MC). O percurso vivencial seguiu a proposta de 
J.D. Novak ao explicitar: questão focal, conceito 
central (mais inclusivo), diversos conceitos 
mais específicos e formação de proposições. 
Considerou-se, nessa perspectiva novakiana, 
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o entendimento sobre a utilização da ferramenta MC e a perspectiva de alcançar graus de 
conhecimentos mais elevados no estudo dos animais, enquanto condição básica expressa 
pelo estudante no processo de construção do mapa conceitual e da escrita de um relato de 
experiência, partilhada com os autores componentes do artigo construído. A mobilização 
do conhecimento, efetivada pelas interações pessoais e por diversas leituras das fontes 
bibliográficas, permitiu elaborar o MC-ENTOPROCTA como produto gráfico e evidenciar 
etapas de elaboração do mapa conceitual esqueleto. Destaca-se também o processo da 
escrita, como elemento de interação e de aprimoramento dos saberes vivenciados.
PALAVRAS-CHAVE: Mapa conceitual; Invertebrados; Zoologia; Aprendizagem; Divulgação 
da biodiversidade.

1 |  INTRODUCTION

Brusca, Moore, and Shuster (2016, p.6) state that invertebrates make up about 
96% of the total number of described animal species. Considering the great diversity 
and ecological relevance of invertebrates, Wilson (1987) already emphasized the need 
to know and preserve these groups of animals. As pointed out in Araújo-de-Almeida et 
al. (2011) and Di Domenico et al. (2015), several invertebrate groups, although relevant 
for understanding biodiversity, are still neglected in research, and the teaching-learning 
process. Among so many organisms, some are more familiar, but others, such as the 
entoprocts, are virtually unknown to the general public.

The taxon Entoprocta (NITSCHE 1870; HATSCHEK, 1888) (from the Greek endo, 
entos, “inside”; proktos, “anus”) is also known as Endoprocta, Calyssozoa (CLARK,1921) 
and Kamptozoa (greek kamptos=bent) (CORI, 1929), and includes about 180 species 
of small, aquatic, sessile, solitary or colonial animals, reminiscent of hydrozoan polyps 
(HYMAN, 1951; EMSCHERMANN, 1972; FUCHS et al., 2010). 

In accordance to Brusca, Moore, and Shuster (2016) and Giribet and Edgecombe 
(2020), entoprocts undergo spiral cleavage and are functionally acoelomate; their bodies 
are made up of a cup-shaped calyx that houses the internal organs (e.g. protonephridia, 
ciliated tentacles arranged in a semi-circle, and a complete “U”-shaped through-gut with 
mouth and anus opening within the semi-circle of ciliated tentacles), and a muscular stalk 
that attaches the calyx to the substrate; they may be gonochoristic or hermaphroditic, 
indirect development includes two types of  larvae (the swimming larva and the creeping 
larva); entoprocts may reproduce assexually through budding.

According to Emschermannn (2013), Borisanova (2019) and Giribet and Edgecombe 
(2020), entoprocts are mostly marine, with two freshwater species Urnatella gracilis 
(Coloniales, Barentsiidae) and Loxosomatoides sirindhornae (Coloniales, Pedicellinidae); 
few species of Loxosomatoides live in brackish water (FUCHS et al., 2010). Kamptozoans 
are filter feeders ranging from 0,2 to 5,0 mm in size (NIELSEN, 1971, 1989), they feed 
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on nano and microplankton and are distributed from the polar zones to the tropics 
(EMSCHERMANN, 2013). Most of the described marine species were found in less than 
200 m depth, however, Borisanova et al. (2015) recorded specimens of Entoprocta at a 
depth of 5220m (GIRIBET; EDGECOMBE, 2020). Some species of Pedicellinidae and 
Barentsiidae are capable of producing resting buds or hibernacula under unfavourable 
environmental conditions (BORISANOVA, 2019).

Most solitary species of Entoprocta live as epibionts associated with polychaetes, 
sponges, echinoderms, crustaceans, and bryozoans; colonial forms are sessile on 
consolidated substrates and epibiotic on hydroids, corals, bryozoans, tunicates, shellfish 
and macroalgae (EMSCHERMANNN, 1972, 2013; FUCHS et al., 2010, BORISANOVA, 
2019). Staples (2019) reported the occurrence of solitary kamptozoan-like zooids as 
epibionts on sea spiders of the genus Rhynchothorax (Pycnogonida). 

Commensalism is a characteristic of some solitary entoprocts and has been recorded 
in association with sponges, polychaetes, bryozoans, and sipunculids (ISETO, 2017). 
However, according to Brusca, Moore, and Shuster (2016), colony building Loxokalypus 
socialis, type species of the monotypic family Loxokalypodidae (EMSCHERMANNN, 
1972) is an ectocommensal on the polychaete Glycera nana (Phyllodocida, Glyceridae). 
Regarding commensalism in entoprocts, Fuchs et al. (2010, p.370) state that: “The ecology 
of such associations is little investigated, but the hosts seem to provide both water current 
and protection for their minute symbionts”. 

The taxonomic placement and phylogeny of Entoprocta is a matter of debate 
(HYMAN, 1951; FUCHS et al., 2010; ISETO, 2017; COOK et al., 2018; BORISANOVA, 
2019; GIRIBET; EDGECOMBE, 2020). Marcus (1939) ascertained the presence of a spiral 
cleavage in Entoprocta; as per Giribet and Edgecombe, (2020) this finding contested a 
relationship between entoprocts and bryozoans and other lophophore-bearing taxa. Dr. 
Ernest Marcus also published a series of pioneering monographs on the entoprocts and 
bryozoans of Brazil (MARCUS, 1937, 1938, 1939, 1941, 1955).

According to Fuchs et al. (2010) , Merkel, Wanninger, and Lieb (2018), Borisanova 
(2019), and Giribet and Edgecombe (2020), based on  differing sets of characteristics, 
researchers posited Entoprocta as sister group of Bryozoa (Ectoprocta) (NIELSEN, 1971), 
Cycliophora (FUCHS et al., 2010), Ectoprocta and Cycliophora (Polyzoa hypothesis) 
(FUNCH; KRISTENSEN, 1995; NIELSEN, 2012) and Mollusca (Sinusoida or Lacunifera 
hypothesis) (AX, 1999; HASZPRUNER; WANNIGER, 2008; MERKEL et al., 2015; 
BORISANOVA, 2019; MARLÉTAZ et al., 2019). Merkel, Wanninger, and Lieb (2018), based 
on the results of a research with HOX genes, supported the monophyletism of Entoprocta 
and corroborated this taxon´s status as lophotrochozoans. 

The current classification of Entoprocta was proposed by Emschermann (1972) 
and comprises the orders Solitaria and Coloniales, the latter divided in the suborders 
Astolonata and Stolonata. Fuchs et al. (2010) found evidence of the monophyletism of 
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Solitaria and Coloniales.  In an updated synopsis of the Entoprocta, Giribet and Edgecombe 
(2020, p.440) used Emschermann´s classification but remarked that the taxa assigned 
to the Coloniales “may require extensive revision once the existing paradigm is tested 
phylogenetically”. Borisanova (2019) suggested to keep dividing the taxon Entoprocta in 
four families: Loxosomatidae, Loxokalypodidae, Pedicellinidae and Barentsiidae, until the 
internal phylogeny of entoprocts is elucidated.

Taxonomy-related information about the classification of entoprocts is somewhat 
abstract for the biology student, and add up to many concepts that need to be understood 
along the trajectory of a Biology undergraduate course. Amabis and Martho (2001) stress 
that a Biology course leads the student into many difficulties, such as learning many new 
concepts, and mastering an extensive and very specific vocabulary. Systematic Zoology 
is particularly known for the large number of specialized terms, which may hinder the 
learning process (ARAÚJO-DE-ALMEIDA et al., 2019b). 

As discussed in Araújo-de-Almeida and Santos (2018), Araújo-de-Almeida et al. 
(2019a,b), Dias-da-Silva (2018), Dias-da-Silva et al. (2019, a,b), Bezerra et al. (2019) and 
Xavier et al. (2020), CMs are being used as supplementary tools in undergraduate courses 
to improve the teaching of Zoology. This approach is important for directing significant 
learning (sensu AUSUBEL, 2003), and represents a pedagogical implement aiming to 
improve knowledge acquisition (Dias-da-Silva et al., 2019a).

The main goals of this paper are to report an experience with concept mapping in 
the classroom, as an evaluative activity, and to describe the process of constructing good 
concept maps. The study of Entoprocta was used as a model to facilitate the understanding 
of the technique of concept mapping to exploring zoology content.

2 |  METHODOLOGY 

The present investigation highlights methodological aspects described in Araújo-
de-Almeida et al. (2019), following the perspective of Gastal and Avanzi (2015), and 
the elements of the narrative style structured by Kinchin et al. (2018), emphasizing the 
explicit participation of the authors who accompanied and collaborated with the process 
of knowledge structuring. The process of building the concept maps about Entoprocta, 
involved two stages: (a) the first step was carried out by the first author in the classroom 
as an individual evaluative activity, and (b) the second step involved a collaborative effort 
with the co-authors in an academic project aimed at zoology teaching.

The first step was carried out in the second semester of 2018, during Invertebrate 
Zoology classes for Biological Sciences undergraduate students at the Federal University of 
Rio Grande do Norte (UFRN, Natal, Brazil). On that occasion, the second author (E.AdeA) 
proposed several classroom activities (e.g. reviewing scientific papers, concept mapping, 
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and motivation exercises for reporting learning experiences) which required a reflection 
upon the contents of the course, as discussed in Araújo-de-Almeida and Santos (2018). 
In this first phase, the students were offered the options of either elaborating a concept 
map or writing a review dealing with the Entoprocta or the Cycliophora, using information 
available in the textbooks by Ruppert, Fox and Barnes (2004), Fransozo and Negreiros-
Fransozo (2016), and Brusca, Moore and Shuster (2016, 2018).

The second stage was conducted during the first semester of 2019 during classroom 
activities implemented under the teaching project “Concept mapping in the learning process 
of Zoology”, approved and registered in the Pro Rectory of Undergraduation (Prograd, 
acronym in portuguese), in UFRN supervised by E.AdeA. This project aimed to develop 
didactic material in order to diminish eventual difficulties encountered by students while 
elaborating CMs about topics in Zoology. In the initial stages of the monitoring activities, 
the students were offered reading material dealing with the methodological underpinnings 
and techniques for building concept maps. Learning activities were also carried out using 
a skeleton concept map as the initial graphic organizer of the concept interactions being 
studied, as discussed in Novak and Cañas. (2008, 2010), Novak (2010), Werlang (2015), 
and Dias-da-Silva (2018).

Some guidelines were followed to design a concept map according to Novak’s 
recommendations: a) proposition of a focal question, b) selection of the most inclusive 
central concept which was further differentiated into several more specific concepts, and 
c) understanding the use of the CmapTools software (IHMC, 2019). According to Novak 
(2010), it was also considered relevant to encourage the student´s willingness to learn and 
reach higher levels of knowledge.

In this sense, the initial stage in understanding the concepts about Entoprocta was 
mobilized, which allowed the elaboration of the propositions represented in the concept 
map, observing the criteria proposed by Cañas, Novak, and Reiska (2015) (Figure 1). At 
this stage, the first author proceeded to investigate topics related to Kamptozoa, and later 
his output was evaluated by the remaining authors.
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Figure 1: Methodological aspects to be taken into consideration when preparing a good concept map. 
Source: Modified from the schematic illustration in Xavier et al. (2020), based on the criteria proposed by Cañas, Novak, 

and Reiska (2015, p. 8). The background illustration of a kamptozoan was obtained from Rudman (2006): http://www.
seaslugforum.net/find/kamptozoa (retrieved 23-Oct-2019).

 
During the process of constructing the concept map the focal question “Which 

morphological, ecological, and taxonomical aspects characterize entoprocts?” was 
fragmented to facilitate surveying the information about the study object; for example: 
Which are the taxonomic subgroups included in Entoprocta? How are they phylogenetically 
related? How are these groups characterized? The concepts that answered the above 
questions were selected. 

For a practical and logical structuring, at the moment of the selection of the concepts 
and the assembly of the propositions, a reference concept map was chosen as a template, 
selected from phylogenetically close related taxa, which the authors had already made 
available in their database of concept map publications. In this case, the animal group 
chosen corresponded to the taxon Gastrotricha (Figure 2), since, like Entoprocta, it is also 
included in the taxon Spiralia (sensu BRUSCA; MOORE; SHUSTER, 2016). 
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Figure 2: Concept map answering the focal question “Which morphological and taxonomical aspects 
characterize gastrotrichs?”

Source: Modified from Araújo-de-Almeida e Santos (2018, p. 320)

During the elaboration of the CM, some propositions became too long, which, 
according Cañas, Novak, and Reiska (2015) is not recommended for a good concept 
map. Consequently, the map received modifications, and some of the initial concepts were 
removed. Given the structured questions, different bibliographic sources were searched 
and compared to fulfill the research goals. A skeleton concept map was assembled based 
on the information gleaned from this literature (Figure 3). 

The skeleton CM contained general concepts that evoked the insertion of thematically 
related information that allowed their progressive differentiation. Following the information 
available in Teixeira and Aguiar (2016), Fuchs et al. (2010), and Giribet and Edgecombe 
(2020), the skeleton concept map includes the taxa Solitaria and Coloniales, according to 
the current suprafamilial classification of Entoprocta proposed by Emschermann (1972), 
as general concepts. It is noteworthy that Nielsen (2016) (in the textbook by Brusca, Moore 
and Shuster (2016)), did not adopt a classification of Entoprocta above the family level. 

The textbook by Brusca, Moore, and Shuster (2016, 2018) was considered relevant for 
the present study due to its updated taxonomic descriptions of the subgroups of Entoprocta, 
namely the families Loxosomatidae, Loxokalypodidae, Barentsiidae and Pedicellinidae. 
During the construction of the CM, new information was added and refined following the 
progressive differentiation of the concepts originally presented in the skeleton concept 
map depicted in Figure 3, resulting in the concept map presented in Figure 4.
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Figure 3. Skeleton concept map answering the focal question “Which morphological, ecological and 
taxonomical aspects characterize entoprocts?

Source: Built by the first author during his training with concept mapping, and later reviewed by the remaining authors. 
Some concepts were left in the parking lot for the to add to the CM.

3 |   RESULTS AND DISCUSSION

The final version of the concept map on Entoprocta (henceforth CM-Entoprocta), 
depicted in Figure 4, represents a descriptive synthesis of this táxon, elaborating the 
concepts presented in the skeleton concept map shown in Figure 3. 

Figure 4: Concept map (CM-Entoprocta) answering the focal question “Which morphological, ecological, 
and taxonomical aspects characterize the entoprocts?”

Source: The authors, present article.

Some concepts proposed initially were considered implicit in the more inclusive 



 
Educação: Atualidade e Capacidade de Transformação do Conhecimento Gerado Capítulo 23 257

group (i.e. Spiralia) (for example “spiral cleavage”) and were removed from the final 
version of the concept map; this strategy avoided redundancy and led to  more objectivity 
in concept mapping the taxon Entoprocta. Considering that all subtaxa of Entoprocta have 
marine forms, the concept “marine species” was deemed more general, while the concept 
“freshwater species” was restricted to the Pedicellinidae and Barentsiidae which also occur 
in this particular habitat. 

The propositions presented in CM-Entoprocta indicate, for example, that Loxosomatidae 
live solitarily; the members of the families Loxosomatidae and Loxokalypodidae have no 
septum at the calyx-stalk junction; Loxokalypodidae, Barentsiidae and Pedicellinidae are 
colonial; Barentsiidae and Pedicellinidae have a star-cell complex and incomplete septum 
associated with the calyx-stalk junction, and Barentsiidae has rods and muscle nodes in 
the stalk. 

Detailing concepts, such as indicating that the whole digestive tract is U-shaped, makes 
them more informative to the reader. Concept mapping also exposed incongruences in the 
proposed classification of Entoprocta, for example, according to Iseto (2017), the colonial 
Loxokalypus socialis, the type species of the monotypic Loxokalypodidae (Coloniales), 
shares characteristics with the solitary Loxomatidae (the single representative of the 
taxon Solitaria), such as commensal habit, and the absence of a septum at the stalk-calyx 
junction; this particular character distribution is indicated in the CM-Entoprocta. This final 
version may thus evidence pathways to navigate through taxonomic diagnoses, highlighting 
aspects of biological taxonomy, as pointed out by Araújo-de-Almeida and Santos (2018).

4 |  FINAL CONSIDERATIONS

By explaining the construction of the skeleton concept map leading to the final 
structuring of the CM-Entoprocta, the authors assert a methodological aspect that has 
received little attention in the literature on concept mapping, especially regarding the study 
of animal diversity. The final concept map depicts general aspects of the taxon Entoprocta 
and allows a different way of following character descriptions in biological taxonomy. As 
an illustration per se, the CM-Entoprocta might be considered a didactic product that is 
informative and may elicit curiosity about this particular animal group; furthermore, the 
concept map may be used as a reference for conceptual studies.

 Based on the emphasis given by Kinchin (2014), Correia et al. (2016), and Machado 
and Carvalho (2020) on the use of concept maps in higher education, and reflecting on 
the detailed study of the taxon and the process of concept mapping, the authors consider 
concept maps as relevant tools for research and learning: important for understanding the 
study object, and as a source of information to develop activities. 

As mentioned by Bezerra et al. (2019) and Xavier et al. (2020), concept maps may 
be used as didactic tools for disclosing information about biodiversity. The promotion of 
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knowledge on biodiversity is one of the goals of the Convention on Biological Diversity 
(CBD). Under art. 13 of said Convention, entitled ‘Public Education and Awareness’, it is 
stated that the Contracting Parties shall:’ (a) promote and stimulate understanding of the 
importance of the conservation of biological diversity and the measures necessary for this 
purpose, their dissemination by the media, and the inclusion of such themes in educational 
programs; (...)” (UNITED NATIONS, 1992). Moreover, considering the relevance of legal 
and ethical issues for biodiversity conservation and research, Santos (2011) advocated 
their inclusion in Zoology teaching curricula.
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