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Introduction

Pupils construct their knowledge through interaction
with the environment, and mostly based on an intuitive
approach (Lazarowitz & Lieb, 2006). Biology education should
provide pupils with knowledge and skills that help them to
understand everyday life in nature. The importance of biology
education currently increases either due to the strong
impact of modern technologies on everyday life of all people
(Lappan, 2000) or due to the increase of environmental
problems that negatively influence people lives. However,
children’s understanding of several important biological
topics often differs from those of scientists. These
differences in children’s concepts are well known as
misconceptions (see Fisher, 1985). The misconceptions are
pervasive and resistant to change through conventional
teaching approaches (Trowbridge & Mintzes, 1985). Several
research reports show that the distribution of
misconceptions is not restricted to the young children but
even to the students in high schools and colleges (Ryman,
1974a, 1974b; Trowbridge, Mintzes, 1985, 1988; Chen,
Huang, Wang 1994; Lazarowitz & Lieb, 2006). For example,
Chen and Ku (1998) were interested in aboriginal children’s
conceptions of animals and animal classification. They found
out that aboriginal children assigned the concepts like ‘move,
eat, and attack’ to animals. The typical examples of animals
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for aboriginal children were lions, tigers and elephants. Similar findings were provided by
Huang (1996) who asserted that movement is a typical characteristic of an animal. Chen and
Ku (1998) and Tema (1989) found that children had anthropocentric feelings. The children
have made comparisons such as ‘unlike human’, ‘can not talk’, ‘very cute’ etc. with humans.
Research on children’s concepts about animal classification showed that pupils of all ages
including biology major college students often classified crawfish as a vertebrate (Trowbridge
and Mintzes, 1988) or thought that penguin was a mammal (Kellert, 1985; Trowbridge and
Mintzes, 1985, 1988; Braund, 1991; Prokop, Kubiatko, & Fancovicova, accepted manuscript)
perhaps because it lived in the sea like large marine mammals (Trowbridge & Mintzes, 1988;
Kattman, 2001). Turtles and reptiles are typically misclassified as amphibians (Yen et al., 2004)
or invertebrates (Braund, 1998).

The alternative conceptions about animals were typically measured by such simple tasks
as ‘circle the animals that have a backbone...” (e.g. Trowbridge & Mintzes, 1988). However,
current research of Prokop, Kubiatko & Fancovicova (accepted manuscript) found that using
multiple questions on the same animal could show contradictory results. They asked children
aged from 7/8 to 14/15 to make a circle about various animals and found that about 40 % of
all children incorrectly classified a penguin as non-bird species. However, follow up questions
revealed that 56% of the children thought that a penguin does not lay eggs but bears chicks
as mammals do. Moreover, the majority (75 %) of the children thought that penguin’s body
was covered with hair or uncovered skin. The data indicates that misconceptions could be
largely camouflaged by the definitions children are taught at school and a simple question can
hardly uncover children’s concept about an animal. Thus, a series of additional questions (Ozay
& Oztas, 2003) or interviews (Braund, 1998) could lead to different in-depth results. Moreover,
no systematic research on children’s ideas about mammals has been conducted yet.

Biology as a school subject is tought separately from chemistry and physics in Slovakia.
The biology curricula are the same in all schools: fifth-formers are taught botany, sixth-formers
- zoology, seventh-formers - human biology, eighth-formers — geology. The courses on
palaeontology and biology are mixed and mostly focus on ecology in form 9. Thus, Slovakian
pupils should have a broad knowledge of morphology and systematic and habitat use of
common animals including both vertebrates and invertebrates after leaving form 6 (age 11/
12).

The aim of our study was to find out: 1) What are the pupils’ misconceptions about
mammals in elementary school? 2) How the misconceptions about mammals change from
form 5 to form 9?

Methodology of Research

The questionnaire about the children’s concepts of mammals consists of 35 open - ended
and multiple choice questions. The multiple choice questions included 2, 3, 4 or 5 possibilities,
but only one choice was correct. The questionnaire was submitted to a panel of experts in
zoology (two professors of zoology from different universities) and two biology teachers in
order to maintain validity of the questionnaire. All the questions criticized were improved or
excluded from the final version. The questions were subdivided in five categories: 1. Animal
classification and phylogeny; 2. Food; 3. Foraging strategies; 4. Parental care; 5. Senses,
morphology and anatomy. We coded every answer correct (1) or incorrect (0) or examined and
grouped all the answers from the open-ended questions. At the end of the questionnaire, the
children were asked for basic information such as sex, age and form.

The questionnaires were administered to six typical elementary schools in Slovakia. The
guestions were answered by the pupils from forms 5 (n =83), 6 (n =86), 7 (n = 112), 8 (n = 86)
and 9 (n=101). 468 completed questionnaires were received. The age of pupils varied from 10
to 15. The number of boys (n = 229) and girls (n = 239) was similar.

We used the Pearson Chi - square (x2) statistics to evaluate the distribution of pupils’
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responses. This test is based on measure of real differences between real frequencies in the
contingent table and the expected frequencies. The age - related differences were also
calculated using the Pearson Chi-square test (x2). The Chi-square analysis may report relatively
small percentage differences as being statistically significant, although such differences may
not necessarily be educationally significant or of practical importance. Therefore, we decided
to calculate age-related trends following Skamp, Boyes and Stanisstreet (2004). If the Chi-
square value was statistically significant (p < 0.05), if the direction of the trend was consistent
(ether increasing or decreasing), and if there were at least three percentage points between
each of the eight grade levels, the data would be described as showing an age-related trend.
If the Chi-square value was not statistically significant or if the direction of the trend was
inconsistent (for example, increasing then decreasing) then the data would be described as
not showing an age related trend.

On the measure of reliability of the questionnaire, Cronbach’s alpha calculation was used.
The values of Cronbach’s alpha close around 0.7 or higher generally indicate that results are
consistent (Nunnaly, 1978). The statistic characteristics n - number of cases, X — average and
SD - standard deviation were used in the text.

Results of Research

Based on the distribution of correct and incorrect responses, we found out that the
maximum number of points acquired from the questionnaire was 34 (i.e. highest success) and
the minimum was 8 (i.e. lowest success). The total average score was X = 22.84 and SD = 4.22.
The value of Cronbach’s alpha was 0.67. This indicates that the questionnaire is marginally
reaching an appropriate reliability. The Cronbach’s alpha of Trowbridge and Mintzes’s (1988)
research instrument was found to be 0.5 which suggests that our questionnaire have
satisfactory reliability.

The descriptive statistic for the mean success that pupils acquired from the questionnaire
is shown in Table 1.

Table 1.  Basic statistic of questionnaire categories.

Category Number of N X SD

questions
Animal classification and phylogeny 7 468 4.2 1.51
Food 9 468 6.46 1.45
Foraging strategies 3 468 2.01 0.77
Parental care 4 468 2.49 1.01
Senses, morphology and anatomy 10 468 6.61 1.44

The highest mean score was found for the Food and Senses, morphology and anatomy
categories. In contrast, the behavioural categories like Foraging strategies and Parental care of
mammals were relatively less understood.

We found a statistically significant effect of age on the mean score from categories Animal
classification and phylogeny, Food and Parental care. More details are shown in Table 2. As shown
in Figure 1, the mean score obtained per each category was relatively stable and failed to show
great differences between several age groups. The categories in which the relationship between
age and the mean score reached statistical significance (see above) also showed a very slight
increase in the mean score as the pupils’ age increases. Moreover, the oldest pupils showed a
mostly decreasing trend in the mean score relatively to the younger learners.
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Figure 1. The average number of points obtained by the students for individual categories.

Table 2. The values of Pearson Chi-square (y?) between age and answers success.

Category Pearson chi - square p
Animal classification and phylogeny 68.2* 0.00066
Food 61.09* 0.01750
Foraging strategies 15.5 0.41578
Parental care 42.84* 0.00215
Senses, morphology and anatomy 57.42 0.10143

*p < 0.05

Animal classification and phylogeny

The majority of the children incorrectly thought that dinosaurs were closely related to
mammoths (51 %) and whales (8 %) rather than birds (41 %). The mean success of the pupils from
each grade on this item is shown in Figure 2.

Most of the children were correct (91.8 %) that whales did not lay eggs although relative
fewer children knew the same about bats (77.3 %). Also, 64.3 % of the children correctly knew
that the platypus lays eggs. The platypus was most frequently misclassified with birds (30.5 %),
but the majority of answers were correct (56.2 %). 337 children in total (72 %) were right that the
whale isa mammal and 156 children (33.3 %) incorrectly thought that the penguin was a mammal.
A doe was 200 times misclassified with a roe-deer.
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Figure 2. The percentage of the pupils correctly thinking that a dinosaur is phylogenetically
relative to birds rather than a mammoth or whale.

Food

The majority of the children (80 %) knew that food of the young dinosaurs was eating plants.
The similar question was about the young whales but only 52.4 % of the respondents knew that
they suck milk. The others marked that food of the young whales is plankton. Also, 82 % of
children knew that a hedgehog feeds on insects and earthworms, and only 17 % of children
showed food of the hedgehog as fruit and vegetable. The rest of the children thought that the
hedgehog feeds on garbage. The majority of the children (78 %) wrote an incorrect answer for
the food of a wild swine. These children wrote that the wild swine is a phytophagous animal. The
relative success of individual grades on this question is provided in Figure 3.

Most of the answers for the food of an elephant were correct that the elephant is a
phytophagous animal (66.5 %). Other children showed that elephants are omnivorous animals. A
similar proportion of correct answers was found in the case of food of bats (69.2 %). The most
frequent misconception was blood as a food of bats which was shown by 30 % of the children.
Also, the majority of the children knew why the beaver gnaws trees (90 %). The reason is teeth’s
corrosion, building of barriers and trees are source of food for the beaver. A similar amount of
children knew that the wolf is a carnivore (91 %). Over 90 % children knew that the squirrel
makes supplies of food for winter.
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Figure 3. The percentage of the pupils that correctly knew that a wild swine is a omnivorous
animal.



Journal of Balltic Science Education, Vol. 6, No. 1, 2007

PUPILS’ MISCONCEPTIONS ABOUT MAMMALS |SSN ]648_3898
(P. 5-14)

Foraging strategies

The majority of the children (91 %) knew that the wolf hunts in groups. Other possibilities
were: a fox, a bear and a lynx. The lynx was the most frequently marked for an animal, which
hunts in groups (nearly 5 %) The most frequent misconception about foraging strategy of a lynx
was that the lynx observes his prey from the shelter (31.4 %) but the majority of answers (i.e. that
lynx hunts in groups) were correct (63.2 %). Only 47.4 % of the children correctly knew that lions
usually hunt in groups. The most frequent misconception was that the lion observes the prey alone
from the shelter (48.3 %). The rest of the pupils showed that lions hunt in pairs. The relative
success of individual grades on this question is shown in Figure 4.
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Figure4. The percentage of the pupils that correctly knew that the lion hunts in groups.

Parental care

The majority of the children (65.4 %) knew that the squirrel raises its young in the nest in
treetops. The other 31.2 % of the children incorrectly thought that squirrels” young do not need
parental care. More than 41 % of the children were incorrect that both parents take care of the
young deer but about half of the answers showed that the female takes care of the young deer
which was the correct answer (55 %). The majority of the children knew that young wild swines
are raised by the female (72 %). Less children were aware of biparental care in wolves (57 %), but
instead thought that only the female wolf takes care of young wolves. The relative success of
individual grades on this question is shown in figure 5.
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Figure 5. The percentage successfulness of the pupils that correctly knew that young wolves
are taken care by both parents.
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Senses, morphology and anatomy

The majority of the children (95 %) answered correctly that the spines of the hedgehog serve
for protection against enemies. A similar amount of the children (98 %) knew that bats fly during
the night. Only about half of the pupils were right that brown bears overwinter because of lack of
food. The most frequent misconception for bears overwintering was cold and exhaustion. Nearly
84 % of the pupils knew that deers use antlers for fighting against rival males. A total of 150
children (32 %) marked an ear as the most developed sense of a mole, but the majority of the
answers were correct (62.6 %) that the most developed sense is touch. Nearly 62 % of the children
were not sure that a horse steps on the whole foot while walking. Other pupils answered correctly
that the horse steps on the last phalanxes of his foot. Nearly 67 % of the pupils had misconceptions
about dolphin’s breathing. Only one third of the pupils knew that dolphins breathe with lungs.
Nearly 25 % marked that dolphin breathes with branchias. The possibility that dolphins breathe
by lung sacs was marked by 26.5 % of the children. The rest of the children wrote that dolphins
breathe with air sacs.

The children had great misconceptions about the contents of camel’s hump. Nearly 80 %
answered that water is in the camel’s hump. Only 20 % of the children answered correctly that the
hump contains a fat. The relative success of individual grades on this question is shown in Figure 6.

More than 95 % of the children knew that the function of the kangaroo’s pouch is carrying
the young. Similarly, a high amount of children (86 %) was aware of the function of the rhino’s
horn, which serves for fighting.
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Figure 6. The percentage of the pupils that correctly knew that the camel has the fat in her
hump.

Discussion and conclusion

This study showed that Slovakian elementary school pupils had serious problems with several
common mammals with other animals (see Kellert, 1985; Trowbridge & Mintzes, 1985, 1988;
Braund, 1991, 1998). Moreover, the follow up questions showed that although most of the pupils
were aware that a whale is a mammal, they were less sure that whales suck milk or feed on
plankton. These findings are in line with our current research focused on the children’ concepts
about birds (Prokop, Kubiatko & Fancovicova, acceptted manuscript) and support a necessity of
using the multiple questions focused on the same topic rather than using a simple question.
Moreover, these data have direct implications for biology practise and can be applied internationally.

Why are there the misconceptions about common mammals among the pupils of various
ages? Several reasons can be applied here. First, it might be caused by the teachers that are more
interested in ‘modern’ biology topics like microbiology, genetics or virology and zoology could be
considered relative less interesting. This is, however, unlikely, because Slovakian biology teachers

11

=



Journal of Balltic Science Education, Vol. 6, No. 1, 2007

PUPILS’ MISCONCEPTIONS ABOUT MAMMALS |SSN ]648_3898
(P. 5-14)

consider zoology most interesting relative to biology of other grades (Prokop & Chuda, unpublished
data). Another possibility is that the pupils are relatively less interested in biology of mammals.
This possibility is also less likely, because our current research shows that Slovakian children greatly
favour zoology relative to other biology topics (P. Prokop, G. Tuncer, & J. Chuda, unpublished
manuscript), although the preference of mammals relative to other animals is less clear. Considering
the fact that the pupils of various age groups are mostly keep mammals as pets (e.g. Kidd & Kidd,
1985; Prokop, Prokop, & Tunnicliffe, submitted manuscript) the misconceptions about mammals
seem to be less likely linked with pupils’ inadequate interest in animals.

A simple classification of animals following their habitat (Kattmann, 2001) may explain the
pupils’ difficulties with dolphin breathing or food of whales. These large mammals live in the sea
like fishes that breathe with gills and feed on plankton. Thus, habitat of animals seems to be a
more important criterion than taxonomy for school age pupils (Kattmann, 2001) and large mammals
are simply considered to fishes (Natadze, 1963; Kellert, 1985; Trowbridge & Mintzes, 1988;
Berthelsen, 1999). Another problem can be semantic similarity between some mammals and
fishes. For example, a whale is ‘velryba’ which means ‘big fish’ in Slovak language. Similar problems
are discussed in Trowbridge & Mintzes (1988) but they do not explain the problem with classifying
dolphins or bats because their names are semantically totally dissimilar.

Another important issue that emerged from the pupils responses are culturally transferred
myths about some animals. Especially in the case of bats pupils usually wrote that the food of bats
is blood (it was not specified if human blood or blood of other animals) and they consider bats bad
for other animals. Bat folklore goes back many centuries. Aesop, in several of his fables, personified
bats as unscrupulous liars, manipulating other animals. In their art, the ancient Mayans of Central
America heralded bats as gods of darkness and the underworld. In the 16th century, English poet
John Heywood wrote that ‘these creatures that fly like birds, bite like beasts, hide by day and see
in the dark can surely be neither flesh, nor fowl’. The role of myths in the pupils’ ideas about
animals remains to be therefore seriously investigated.

The design of the natural science course based on the living organism concept in our elementary
schools begins with the most abstract class of living organism, followed by the subclass concept of
‘animal’ and ‘plant’, and then the even lower class concept of ‘mammal’, ‘bird’, ‘fish’ and ‘insect’.
From the constructivistic perspective, learning is an active process, whereby learners take
information from the environment and construct personal interpretations and meaning based on
prior knowledge and experience (Fraser & Tobin, 1998). This implies that the mental conceptions
of the younger children, yet little affected by formal school science learning, are highly influenced
by the personal ideas and experiences they construct about the world. We conclude that teachers
should teach more about such exotic mammals as the camel, rhinoceros, and the platypus and use
as many examples as possible (Trowbridge & Mintzes, 1988). The first hand experiences with
animals should enhance pupils’ interest (Lindemann-Matthies, 2005; Zoldosova & Prokop, 2006)
and factual knowledge about animals (Inagaki, 1990; Prokop, Prokop, & Tunnicliffe, submitted
manuscript). We therefore propose that activities with animals through formal or informal learning
have significant potential for improving pupils’ knowledge about animals.
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Pe3ome

HEITPABUJIbHBIE TIPEJCTABJIIEHUA YYALIUXCA B
OTHOIIEHHWUHW MIEKOIIMTAIOIIHNUX

Munan Ky6sarko, ITaBon IIpokon

CraThsl MOCBSIIIEHA BBISICHEHUIO OTHOIIEHM IIKOJIBHUKOB K MJIEKOIUTAIONIMM B TIpollecce M3yYeHUsI
Kypca «300JI0TUS» B IIKOJILHOM 0Opa3oBateabHOM yupexaeHuu Crnosakuu. Cama npobiiema uaeHTubuKanum
YEeJIOBEKOM YXMBOTHBIX, OCOOEHHO MJIEKONMTAIOUINX, aKTyaJbHa, MOCKOJIbKY M CaM Ye€JIOBEK OTHOCUTCSI K
3TOMY Kiaccy (ceM. Jroau). BakHO ycTaHOBHUTH HE TOJNHKO OTHOIICHUS yJaIUXCSl K XUBOTHBIM, HO U
MOHSITh, YTO JIEKUT B UX OCHOBE.

BBUT HCTIONB30BaH OMPOCHUK COCTaBlIeH U3 35 BOMpPOCOB. B mccienoBanuy mpuHUMaio ydactue 468
YICHHUKOB (229 MasbuuKoB U 239 meBovek). DMIUpWUYECKUe TaHHBIE ObUIM COOpaHBI M3 6 KON Pa3HBIX
ropozioB Ci1oBakuM. BblIO YCTaHOBJIEHO, YTO YUEHUKHU UMEIOT OLIMO0YHOE Mpe/ICTaBIeHue 0 Kilaccudukanuu,
9KOJIOTMM U aHATOMUU MJIEKONUTAIONIMX. MHEHUSI yIeHUKOB ObUIM KJIacCU(PUIMPOBAHBI Ha ISITh OCHOBHBIX
Kareropuii (Kmacudurarysi MICKOIMUTAIONINX, MUTAHNE, TTOVCK IHUINU, MOPGOTIOTUS U aHATOMHUS, 3a60Ta O
nuromiax). OmmboYHbIe TPEeICTaBIeHUsI YUSHUKOB YCTAaHOBJIEHBI 1O BceM kareropusiM. ITo pesynbratam
HCCIIEeOBAHUS TIPEICTaBIeHa TUCCKYCUsI O ITYTSIX YCOBEPIIEHCTBOBAHUS Ipoliecca OOydyeHus: OMOIOTUU.

KiioueBrie cinoBa: omnOOYHBIE MPEACTABICHMS, MJIEKOTUTAIONINE, OOyueHUe OMOJOTHU.

Received 23 October 2006; accepted 05 February 2007

Milan Kubiatko
PhD. student at Department of Didactics in Sciences,
Psychology and Pedagogy, Faculty of Natural Sciences,
Comenius University,
Mlynska dolina CH - 2, 842 15 Bratislava, Slovakia.
Phone: + 421261296348
E-mail: mkubiatko@centrum.sk
Home page: https://www.fns.uniba.sk/~kubiatko
Pavol Prokop

Lecturer assistant at the Trnava University,
Department of Biology, Faculty of Education, Slovakia
and researcher in SAS (Institute of Zoology, Slovak
Academy of Sciences, D$bravskj cesta 9, 845 06
Bratislava, Slovakia)

Priemyselna 4, PO Box 9, 918 43 Trnava, Slovakia.
Phone: + 421335516047

E-mail: pavol.prokop@savba.sk

Home page: http://pdfweb.truni.sk






