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Children’s alternative conceptions on microorganisms and health are little studied in the
literature. Several international studies have shown that these conceptions are incomplete,
divergent from scientific knowledge and resistant to change, often even after formal education.
This study aimed to identify children’s conceptions about microorganisms and health before
the formal education of this content (5" grade) and two years after (7" grade). A questionnaire
consisting of closed questions was applied to 439 pupils. Most pupils associate
microorganisms with the disease and recognize the reason they should be vaccinated. Contrary
to results in other studies, pupils associate vaccines with disease prevention rather than disease
cure. Some children do not directly associate behaviours related to their hygiene and the need
to disinfect wounds with the elimination of undesirable microorganisms. Also the beneficial
aspects of the microorganisms are little recognized by the pupils. Statistical analysis showed
significant differences (p <0.05) between the two groups in some answers. It is necessary to
improve the approach to microorganisms right away in primary school. Textbooks and
teachers should give more emphasis on the justification of personal hygiene and the beneficial
aspects of microorganisms.
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INTRODUCTION

The issue of alternative conceptions has been studied in several areas by many researchers in
the last 20 years. However, with regard to microorganisms, the subject is poorly studied,
although there are several works that constitute an excellent contribution to this area, such as
Nagy (1953), Maxted (1984), Vasquez (1985), Prout (1985), Freitas (1989), Bazile (1994),
Leach et al. (1996), Kalish (1996, 1997, 1999), Au and Romo (1996), Au et al. (1999),
Simonneaux (2000), Inagaki and Hatano (2002), Byrne and Sharp (2006), Jones and Rua
(2006), Byrne et al. (2009), Byrne and Grace (2010), Byrne (2011), Mafra (2012), Mafra et al.
(2015), Ruiz-Gallardo and Pafios (2017). In general, all these studies demonstrate that
children's conceptions about microorganisms are often incomplete and divergent from
scientific knowledge.

Considering the relationship between microorganisms and health, many children associate the
cause of the disease with environmental factors, such as bad weather, air pollution or the
ingestion of contaminated food (Piko and Bak, 2006), however, one of the children’s most
common ideas is the link between microorganisms and disease. This is referred to in older
studies such as Nagy (1953), Maxted (1984), Prout (1985) and Springer and Ruckel (1992),
who emphasize the pathogenic view of microorganisms as a dominant idea in all ages. More
recent studies, as Byrne (2011), report that children in early elementary school consider that all
microorganisms are potentially pathogenic, highly infectious and dangerous, and are the only
cause for the onset of the disease. Simonneaux (2002) adds that most children have the notion
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that diseases have a purely exogenous origin, that is, a healthy individual becomes ill when
he/she is "attacked™ by microorganisms. The same author points out that this concept may later
interfere with pupils' understanding of diseases, such as those of genetic origin, and may create
learning obstacles when teaching these contents at higher levels of education. Byrne (2011)
also points out that younger children tend to think that the presence of microorganisms is
enough for disease to occur, and older pupils associate infection with behaviour such as
touching, coughing or sneezing towards others, or eating contaminated food. In fact, the
mechanism of infection is not well understood by children, especially the younger ones, and
the vast majority have naive ideas about the notion of disease and its transmission.

These ideas often remain even after addressing the issue in formal education (Kalish, 1999,
Inagaki and Hatano, 2002). Au et al. (1999) also suggest that children between 8 and 9 years
old understand the biological cause of diseases through the model of infection that is
transmitted by common sense. Thus, Byrne and Sharp (2006) report that some pupils consider
environmental conditions alone as a factor that cause diseases. On the other hand, older
children associate it with poor hygiene conditions or dirty places, considering that under these
conditions the microbes "gain strength” or are more likely to cause infections.

Finally, it appears that only a limited number of children recognize the benefits of certain
microorganisms, e.g., those used in the production of vaccines and antibiotics (Byrne et al.,
2009). The anthropomorphic attribution identified in drawings of microorganisms done by
children (Byrne and Sharp, 2006; Byrne, 2011; Mafra, 2012) exhibit "good feelings",
indicating that some understand that not all microorganisms are dangerous. However, although
some children report the use of antibiotics to cure diseases, many are not aware of how they
are produced and how they work. Similarly, Byrne (2011) states that children think that both
vaccines and antibiotics are designed as medicines, i.e., both acting as curing diseases; being
placed in the same therapeutic class makes the concept of prevention through vaccination
difficult.

According to the above, in this study it was intended to identify the conceptions of two groups
of children (one before the formal teaching about microorganisms; the other two years after)
about the relation between microorganisms and health and verify if there are statistically
significant differences between groups.

METHODOLOGY

This is an exploratory study in which two groups of pupils were studied: one group was in the
5t grade (10-11 years old) who had had no formal teaching on microorganisms; and the other
group was of the 7" grade (12-13 years old) who had had formal teaching on this issue. They
were enrolled in schools of Braganca town, in Portugal.

A questionnaire with closed questions was given to 439 pupils. The questions focused on: the
importance of washing hands before meals and brushing teeth after meals; food hygiene; the
perception of the role of vaccines; knowledge of the various types of disease transmission, the
importance of wound disinfection and the role of microorganisms. The frequency analysis of
answers was estimated and Pearson’s square statistical analysis was used to determine
statistically significant differences between the groups analysed, using a significance level of
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95%. The ethical requirements were followed in accordance with Portuguese legislation for
this purpose, and formal authorization was obtained for the development of this study.

RESULTS AND DISCUSSION

Results are presented on the pupils' answers to the questionnaire. In some questions they could
only choose one alternative, but in others they could choose more than one, as indicated in each
Table.

For the question "the most important reason for washing hands before eating is ...", it was
found that 63.7% of pupils said they should do so to avoid getting sick and 34.6% because their
hands may be dirty (Table 1). The attribution of disease to this behaviour may be associated
with microorganisms and evidence that children know that they have them in the hands.

Table 1. Frequency of answers to the question **The most important reason for washing hands before eating

is...”
1 answer only
someone tells you E%ﬁ;nﬁgnréivgi Stn you can get sick Total
5% grade 2.7% 28.9% 68.4% 100.0%
7" grade 0.9% 39.4% 59.7% 100.0%
Total 1.7% 34.6% 63.7% 100.0%

We found statistically significant differences (p <0.05), with a decrease in the answer "...to
avoid getting sick” from 5" to 7" grade. According to Mafra and Lima (2009), in the 5%
curricular programme and corresponding textbooks, all contents related to hygiene are
presented as recommendations to comply with or rules of good conduct without explaining the
reason for the behaviours. This incomplete approach can contribute to the strengthening of
alternative conceptions and make difficult the learning of these contents at higher school levels.

In the question, "the most important reason for washing your teeth after eating is ...", the large
majority of pupils (95.1%) considered prevention of dental caries (Table 2). There were no
significant differences (p> 0.05) between the 5" and 7" grades.

Table 2. Frequency of answers to the question *"The most important reason for you brush your teeth after

eatingis..."
1 answer only
Your mouth smells You can prevent Total
good dental caries
5t grade 5.9% 94.1% 100.0%
7" grade 4.1% 95.9% 100.0%
Total 4.9% 95.1% 100.0%

The preventive behaviour of tooth decay is a topic widely discussed in schools and broadcasted
through the media, therefore it is rooted in children’s perception. However, although they
recognize the importance of brushing their teeth after meals and the consequences of not doing
it, they may be unaware of the cause of the problem (Mafra, 2012).

On the question of food hygiene, "the most important reason for washing fruit before eating
is...", 62.5% of pupils said they should "do it because it may be dirty" (Table 3). The second
most chosen option was "do it because it can hurt your belly™ with 34.5% of the answers.
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Table 3. Frequency of answers to the question **The most important reason for washing fruit before eating

is..."

1 answer only
It may hurt your . The fruits get
belly It can be dirty brighter Total
5 grade 41.7% 53.5% 4.8% 100.0%
7t grade 28.5% 70.1% 1.4% 100.0%
Total 34.5% 62.5% 3.0% 100.0%

There are significant differences between the 5" and 7" grade (p = 0.001). More importance
was given to the problem of dirtiness by the 7" grade pupils, in line with the formal teaching
at this level. These results show that more importance was given to the possible "dirtiness" and
suggests that the pupils assume these procedures as a norm or rule to fulfil without, however,
valuing the scientific justification to this behaviour.

Regarding the nature of vaccines, 72.6% of the pupils reported that "they are substances that
protect us from certain microbes" (Table 4). However, there were significant differences
between the 5™ and 7" grade (p = 0.001) in that 7" grade gave more importance to protection
given by vaccines. This difference can be justified by the fact that in the 7\ grade the vaccines
are part of the curricular programme and textbooks.

Table 4. Frequency of answers to the question *"The sentence that best explains what a vaccine is ..."

1 answer only
Su_b§tances that are Substances that kil Substances that p_rotect
injected using a microbes us from certain Total
syringe microbes
5" grade 7.0% 28.3% 64.7% 100.0%
7" grade 7.2% 13.6% 79.2% 100.0%
Total 7.1% 203% 72.6% 100.0%

Following this theme, it was asked "the reason why we should be vaccinated ...", where the
majority of pupils (77.2%) presented a scientifically correct conception related to prevention,
especially the pupils of the 7th grade (Table 5), with significant differences between the two
grades (p = 0.011). Thus, in contrast to the results obtained by Byrne (2011), the preventive
vaccine is well recognized by the pupils of this study, with only 20% of them seeing vaccines

as a "cure for the disease”, "killing microbes ".

Table 5. Frequency of answers to the question *"The main reason why we should be vaccinated is ..."

1 answer only
Fulfil the vaccination Do not get sick Getting good when you Total
schedule are sick
5% grade 9.6% 70.6% 19.8% 100.0%
7" grade 6.8% 82.8% 10.4% 100.0%
Total 8.1% 77.2% 14.7% 100.0%

Concerning the question "When you hurt yourself, why should you wash the wound?", 83.8%
of pupils considered "to kill the microbes™ (Table 6), presenting a scientifically correct notion.
There were no significant differences between the 5 and the 7" grade (p> 0.05). However, it
should be noted that in both 5™ and the 7" grades there were pupils who thought disinfecting a
wound aims "to remove dirt." Regarding this option, and considering the 5™ grade, this result
is in the curricular programme and textbooks. In fact, the first aid topic in textbooks includes
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the disinfection of wounds, which are presented as a mere cleaning procedure, presenting no

reason explaining why this procedure must be done.

Table 6. Frequency of answers to the question **When you hurt yourself, why should you wash the wound?**

1 answer only
. To kill the
To remove dirt B To leave no scar Total
5" grade 12.8% 82.3% 4.9% 100.0%
7" grade 13.1% 85.1% 1.8% 100.0%
Total 13.0% 83.8% 3.2% 100.0%

Regarding how diseases can be transmitted, most children chose "when you sneeze to someone
without putting a hand/arm to the front of the mouth™ (88.7%, Table 7-A), and also "when you
eat after playing on the soil” (61.5%, Table 7-C), both responses with significant differences
(p <0.05) between the 5" and the 7" grade. In the case of the response "when you eat spoiled
food" (69.9%, Table 7-H) there were no significant differences (p> 0.05) between the two
groups. These responses show the recognition of two forms of disease transmission: aerial
(mostly recognized by the children of the 7" grade) and oral (recognized by both groups).

Table 7. Frequency of responses to the question *"Diseases can be transmitted ...""

more than one answer
A B C D E F G H
5"grade 42.5% | 65.1% | 49.8% | 19.6% | 44.6% | 39.3% [ 45.2% | 46.3%
7" grade 57.5% | 34.9% | 50.2% | 80.4% | 55.4% | 60.7% | 54.8% | 53.7%
Total | 88.7% [ 10.5% | 61.5% 4.6% 13.7% | 40.0% | 10.3% [ 69.9%

A - When you sneeze to someone without putting your hand/arm in front of your mouth
B - When you play in the sun without holding your hat on
C - When you eat after playing on the soil

D - When you drink a very cold drink

E - When you play in the rain

F - When you get bitten by a dog

G - When you get too cold

H - When you eat spoiled food

With regard to the places where one can find microbes, it was found that the answers "in the
mouth"” and "on the skin" only 17.9% and 31.4% of the answers, respectively, were found
(Table 8-D and -E), with no differences between the 5th and 7" grade (p> 0.05). This is to say
that in both groups there is poor knowledge of the presence of microorganisms in these human
body areas. Despite being a content addressed in the 7 grade, most pupils keep a non-scientific
conception, resisting to change. This result shows an incomplete or inadequate teaching-
learning process regarding mouth hygiene (brushing teeth) and body care.

Table 8. Frequency of answers to the question ""Microbes can be found ...

more than one answer
A B C D E F G H |
th
grade 38.2% | 47.1% | 43.7% | 54.8% | 42.2% | 61.6% | 425% | 78.9% | 45.9%
th
;rade 61.8% | 52.9% | 56.3% | 45.2% | 57.8% | 38.4% | 57.5% | 21.1% | 54.1%
Total | 44.8% | 30.1% | 449% | 17.9% | 31.4% | 21.1% | 42.6% 4.6% 62.5%
A - In the air you breathe F - In animals
B - In soil G - In sewage waters

C - In the food you eat and drink
D - In your mouth
E - On your skin

H - In the plants
I - In the trash
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The most frequent responses to the question "what can microbes do ..." the answers "causing
disease™ (96.6%, Table 9-H), "spoiling food" (90.4%, Table 9-E) were the most selected ones,
without significant differences between groups (p> 0.05). Also the option "cleaning sewage
water" (42.6%, Table 9-F) showed no significant differences (p> 0.05) between groups.
However, the 5" grade pupils answered more frequently than those of the 7™ grade (p <0.05)
in "pollute water" (72.3%, Table 9-D) and "food production™ answers (44.9%, Table 9-A),
although these topics are worked in the 6" grade. On the other hand, the 7" grade pupils
answered more frequently than those in the 5" grade (p <0.05) in the option "make
medicines”(51.8%, Table 9-C).

Table 9. Frequency of answers to the question *"What can microbes do?"
more than one answer

A B C D E F G H
5"grade 27.1% | 57.1% | 21.3% | 53.6% | 46.9% [ 53.8% | 44.4% | 86.4%
7" grade 72.9% | 42.9% | 78.7% | 46.4% | 53.1% [ 46.2% | 55.6% | 93.6%
Total | 44.9% [ 51.7% | 51.8% | 72.3% [ 90.4% | 42.6% | 48.2% [ 96.6%

A - Food production (bread, yogurt, cheese) E - Spoiling food

B - Making glass F - Cleaning sewage water
C - Making medicines G - Wood

D - Polluting water H - Cause disease

Pupils’ answers to the above questions denote a strong negative connotation towards
microorganisms, which is in agreement with those results described by Byrne and Grace
(2010), Byrne (2011) and Mafra (2012). This may be related to the approach to microorganisms
in the textbooks of primary school, where microorganisms are only and exclusively presented
as associated with disease and pollution (Mafra and Lima, 2009). Also hygiene content is
addressed as recommendations to comply or rules of good conduct, without explaining the
reasons for the advised behaviours (Mafra et al., 2015).

Most children recognize why they should be vaccinated and associate vaccines with disease
prevention rather than with "cure for disease,” which are in agreement with results found by
Byrne (2011). The percentage of pupils who consider the vaccine as a "cure for the disease”
may be explained by the fact that in primary school this issue is quite valued, in particular the
vaccination (as a rule) and the vaccine compliance with a timetable (Mafra, 2012).

Most children identify air and oral disease transmission, which generates the following
reflection: on one hand, pupils indicate the air and food they eat and drink as places where there
are microorganisms, suggesting they are aware of the ways of air and oral disease transmission;
on the other hand, only a few identify the mouth and skin as places where microorganisms
exist. The latter matches the reflections by Mafra and Lima (2009) who discuss the sections of
the primary school programme and textbooks which address body hygiene (brushing teeth,
bathing, etc.) but that do not explained why children should adopt these hygienic behaviours.
In fact, pupils devalue, or do not know, that they have microbes in their mouths and skin. If
they knew, it would be more likely that the recommended hygiene behaviours would be more
understood and accepted, and would not be taken as a merely fulfilment of a socially correct
procedure.

Most pupils recognize why children should disinfect wounds, but some associate the process
to the need to simply remove the dirt from the wound. This result may be related to the way
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the topic is presented in the primary school curriculum programme, where there is no
explanation for the reason of disinfecting wounds.

The results also show that when referring to the beneficial aspects of microorganisms, even
after they have had the formal teaching on this topic, pupils retain little of certain
microorganisms’ benefits, in particular in favour of humans.

The results as a whole, also indicate that there are scientifically incorrect conceptions
prevailing in the 7" grade pupils, even after this topic is taught in formal teaching.

This leads to the identification of conceptions resistant to change and to a reflection on how
the contents should be treated in the teaching and learning process, in the perspective of an
effective conceptual change. It is important to make children know and understand, from an
early age, the reason why they should adopt certain behaviours associated with their personal
hygiene, giving them scientific significance and thus contributing to the increase their scientific
and health literacy.

CONCLUSIONS

Most pupils associate microorganisms with disease and recognize the reason they should be
vaccinated by associating vaccines with disease prevention rather than disease cure.

Some children do not directly associate behaviours related to their hygiene and the need to
disinfect wounds with the elimination of undesirable microorganisms. Also pupils, in general,
do not recognise the beneficial aspects of microorganisms.

It is necessary to change the teaching and learning process of microorganisms at the level of
the Primary School. Should the textbooks and teachers give more emphasis to the explanation
of personal hygiene as well as to the beneficial aspects of microorganisms?

REFERENCES

Au, T. K., & Romo, L. F. (1996). Building a coherent conception of HIV transmission: New approach
to AIDS education. In D. MEDIN (Ed.). The psychology of learning and motivation. New York:
Academic Press, p.193-241.

Au, T. K., Romo, L. F., & De Witt, J. E. (1999). Considering children’s folkbiology in health education.
In SIEGAL, M. (Ed.). Children’s understanding of biology and health. Cambridge: Cambridge
University Press, p. 209-234.

Bazile, J. (1994). Conceptions des operateurs de bas niveau de qualification du secteur agroalimentaire
en matiere de microorganismes. Didaskalia, 4, 23-37.

Byrne, J. (2011). Models of micro-organisms: Children’s knowledge and understanding of micro-
organisms from 7 to 14 years old. International Journal of Science Education, 1, 1-35.

Byrne, J., & Sharp, J. (2006). Children’s ideas about micro-organisms (2006). School Science Review,
88, 71-79.

Byrne, J., Grace, M., & Hanley, P. (2009). Children’s anthropomorphic and anthropocentric ideas about
micro-organisms. Journal of Biological Education, 44, 37-43.

Byrne, J., & Grace, M. (2010). Using a concept mapping tool with a photograph association technique
(CoMPAT) to elicit children’s ideas about microbial activity. International Journal of Science
Education, 32, 479-500.

Freitas, M. (1989). Distin¢do entre ser vivo e ser inanimado — uma evolucdo por estddios ou um
problema de concepcdes alternativas? Revista Portuguesa de Educacéo, 2, 33-51.

2128



Strand 16

Inagaki, K., & Hatano, G. (2002). Young children’s naive thinking about the biological world. New
York: Psychology Press.

Jones, M. G., & Rua, M. J. (2006). Conceptions of germs: Expert to novice understandings of
microorganisms. Electronic Journal of Science Education, 10, 1-40.

Kalish, C. W. (1996). Preschoolers’ understanding of germs as invisible mechanisms. Cognitive
Development, 11, 83-106.

Kalish, C. W. (1997). Preschoolers’ understanding of mental and bodily reactions to contamination:
What you don’t know can hurt you, but not sadden you. Developmental Psychology, 33, 79-91.

Kalish, C. W. (1999). What young children’s understanding of contamination and contagion tells us
about their concepts of illness. In SIEGAL, M. (Ed.). Children’s understanding of biology and
health. Cambridge: Cambridge University Press, p.99-130.

Leach, J., Driver, R., Scott, P., & Wood-Robinson, C. (1996). Children’s ideas about ecology 2: Ideas
found in children aged 5-16 about the cycling of matter. International Journal of Science
Education, 18, 19-34.

Mafra, P. (2012). Os microrganismos no 1.° e 2.° Ciclos do Ensino Bésico: Abordagem curricular,
concecdes alternativas e propostas de atividades experimentais. Tese de Doutoramento. Braga:
Universidade do Minho.

Mafra, P., Lima, N., & Carvalho, G.S. (2015). Experimental activities in primary school to learn about
microbes in an oral health education context. Journal of Biological Education, 49(2), 190-203
(DOI: 10.1080/00219266.2014.923485).

Mafra, P., & Lima, N. (2009). The microorganisms in the Portuguese National Curriculum and Primary
School text books. In MENDEZ-VILAS, A., Ed. lit. “Current research topics in applied
microbiology and microbial biotechnology: Proceedings of the International Conference on
Environmental, Industrial and Applied Microbiology (BioMicroWorld2007), 2, Seville, Spain,
2007”. Hackensack: World Scientific Publishing, 2009, p. 625-629.

Maxted, M. A. (1984). Pupil’s prior beliefs about bacteria and science process: Their interplay in school
science laboratory work (Unpublished MA thesis). University of British Columbia.

Nagy, M. H. (1953). The representation of germs by children. Journal of Genetic Psychology, 83, 227-
240.

Piko, B. F., & Bak, J. (2006). Children’s perceptions of health and illness: images and lay concepts in
preadolescence. Health Education Research — Theory & Practice, 21, 643-653.

Prout, A. (1985). Science, health and everyday knowledge. European Journal of Science Education, 7,
399-406.

Ruiz-Gallardo, R., & Pafios, E. (2017): Primary school pupils’ conceptions about microorganisms.
Influence of theoretical and practical methodologies on learning, Research in Science &
Technological Education, DOI: 10.1080/02635143.2017.1386646.

Simonneaux, L. (2000). A study of pupils’ conceptions and reasoning in connection with “microbes”,
as a contribution to research in biotechnology education. International Journal of Science
Education, 6, 619-644.

Simonneaux, L. (2002). Analysis of classroom debating strategies in the field of biotechnology. Journal
of Biological Education, 37, 9-12.

Springel, K., & Ruckel, J. (1992). Early beliefs about the cause of illness: Evidence against immanent
justice. Cognitive Development, 7, 429-443.

Vasquez, E. (1985). Les representations des enfants sur les microbes. Feuilles D’Epistemologie
Appliquee et de Didactique des Sciences, 7, 31-36.

2129



Dublin City University, Dublin, Ireland

ESERA 2077 Conference
21at  25th August 2017

SONIJHHO0dd HONHdTHANOD

ESERA/

-

DCU

LsiyERSITY < LIMERCH

Liwow



Research, Practice and Collaboration in Science Education
Proceedings of the ESERA 2017 Conference

ISBN 978-1-873769-84-3
General Editors: Odilla Finlayson, Eilish McLoughlin, Sibel Erduran and Peter Childs

Co-editors:

Roser Pinto, Odilla Finlayson, Russell Tytler, Graca Carvalho, Sabine Fechner, Andree Tiberghien, Eleni
Kyza, Kalle Juuti, Nikos Papadouris, Dimitris Psillos, Irene Neumann, Veli-Matti Vesterinen, Maria
Andrée, Jouni Viiri, Jan Alexis Nielsen, Mats Lindahl, Albert Zeyer, Marianne Achiam, Andreas Redfors,
Jim Ryder, Jens Dolin, Margareta Enghag, Henriette Holmegaard, Maria Evagorou, Marisa Michelini,
Manuela Welzel-Breuer, Digna Couso, Maria Kallery, Bodil Sundberg, Petros Kariotoglou, Terry Russell,
Jenaro Guisasola, Justin Dillon, Marianne Odegaard, lva Stuchlikova, Robert Evans.

The Proceedings of ESERA 2017 is an electronic publication for revised and extended papers presented
at the ESERA 2017 conference in Dublin, Ireland during the 21-25 August, 2017. All papers in the
eProceedings correspond to communications submitted and accepted for the ESERA 2017 conference.
All proposals to the conference went through a blind review by two or three reviewers prior to being
accepted to the conference. A total of 1246 proposals (out of which 86 were symposia) were
presented at the conference and in total 243 papers are included in the eProceedings.

The authors were asked to produce updated versions of their papers and take into account the
discussion that took place after the presentation and the suggestions received from other participants
at the conference. On the whole, the eProceedings presents a comprehensive overview of ongoing
studies in Science Education Research in Europe and beyond. This book represents the current
interests and areas of emphasis in the ESERA community at the end of 2017.

The eProceedings book contains eighteen parts that represent papers presented across 18 strands at
the ESERA 2017 conference. Part 18 presents papers contributed by ESERA 2016 and 2017 summer
school participants that presented at the ESERA 2017 conference. The stand chairs for ESERA 2017 co-
edited the corresponding part for each strand 1 to 17 and part 18 was co-edited by the host of the
2016 and 2017 ESERA Summer schools and the coordinating member of ESERA Executive Board. All
formats of presentation (single oral, interactive poster, ICT demonstration/workshop and symposium)
used during the conference were eligible to be submitted to the eProceedings.

The co-editors carried out a review of the updated versions of the papers that were submitted after
the conference at the end of 2017. ESERA, the editors and co-editors do not necessarily endorse or
share the ideas and views presented in or implied by the papers included in this book.

The appropriate APA style for referencing this eProceedings is as follows:

Finlayson, O.E., McLoughlin, E., Erduran, S., & Childs, P. (Eds.) (2018). Electronic Proceedings of the
ESERA 2017 Conference. Research, Practice and Collaboration in Science Education. Dublin, Ireland:
Dublin City University. ISBN 978-1-873769-84-3

The appropriate APA style for referencing individual papers in the eProceedings is as follows:
[Author(s)]. (2018). [Title of article]. In Finlayson, O.E., McLoughlin, E., Erduran, S., & Childs, P. (Eds.),
Electronic Proceedings of the ESERA 2017 Conference. Research, Practice and Collaboration in Science
Education, Part [part/strand number] (co-ed. [Editors of the strand chapter]), (pp. [page
numbers]). Dublin, Ireland: Dublin City University. ISBN 978-1-873769-84-3



