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ABSTRACT ARTICLE HISTORY
The purpose of this cross-cultural study was to describe and Received 21 January 2015
compare US and Turkish children’s observational knowledge of  Accepted 14 December 2015
the day and night cycle and to identify similarities predicted by
framework theory. Fifty-six (27 US and 29 Turkish) young children E . .
S < < arly childhood science
(ages 48-60 months) participated in the study. Semi-structured education; Astronomy;
interviews were individually conducted, digitally recorded, Alternative conceptions
transcribed, and analyzed using the constant comparative
method. The results demonstrate that preschoolers from the two
cultures are able to make comparable informal observations of
the sky, and their observational knowledge includes many
similarities, with one exception, as predicted by framework theory.
US children were more likely to perform better than the Turkish
children on the question about the time of observation for the
moon. Although science concepts and skills are better
represented in US early childhood education programs than the
Turkish program, the results suggest that this advantage did not
translate into performance differences between US and Turkish
children.

KEYWORDS

Introduction

Young children can be fascinated by the day and night skies. This interest leads children to
make observations of celestial objects and events early in their everyday lives (Kallery,
2011). Two major competing explanations exist in the literature regarding how children
interpret and represent their observational knowledge: framework theory (Vosniadou &
Brewer, 1992) and knowledge in pieces theory (diSessa, 1993). The former explanation
suggests that presuppositions (e.g. physical objects are solid, stable, and fall if unsup-
ported) influence children’s interpretations of their everyday observations of day and
night skies (Vosniadou & Brewer, 1994; Vosniadou, Vamvakoussi, & Skopeliti, 2008).
Children use these interpretations or beliefs as a basis for the construction of mental
models of astronomy phenomena, which are coherent mental structures (Vosniadou &
Brewer, 1992, 1994). The latter explanation, proposed by diSessa (1993), challenges the
notion of coherent cognitive representations and suggests that cognitive representations
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consist of fragmented knowledge pieces that might be highly inconsistent with each other
(diSessa, Gillespie, & Esterly, 2004). diSessa (1993) coined the term ‘phenomenological
primitives’ to refer to fragmented knowledge pieces that are mostly accumulated
through everyday experiences. diSessa (2002) also coined the term ‘coordination classes’
which he posits guide individuals to interpret novel information using contextual clues.

Although a body of research studies has been generated utilizing the framework theory
on children’s understandings of the day and night cycle, these studies have examined the
type of mental models children have regarding the mechanism of the day and night cycle
and were typically conducted with children in early and upper elementary grades (Diaki-
doy, Vosniadou, & Hawks, 1997; Samarapungavan, Vosniadou, & Brewer, 1996; Vala-
nides, Gritsi, Kampeza, & Ravanis, 2000; Vosniadou & Brewer, 1994; Vosniadou,
Skopeliti, & Ikospentaki, 2004). The content of young children’s observational and cultural
knowledge, on the other hand, has not been targeted in the literature, and this study aims
to address this gap in the literature. Children’s observational and cultural knowledge are
constrained by domain-specific presuppositions and serve as the basis for the formation of
mental models. Framework theory suggests that domain-specific presuppositions that
influence children’s observations might be universal because children typically share
similar observational experiences (Vosniadou, 1994). Thus, regardless of where they live
children should develop similar mental models of the day and night cycle (Vosniadou
& Brewer, 1994). By examining both US and Turkish children, we can gain greater insights
into children’s observational experiences and understandings across cultures.

The Turkish early childhood education program included in the current study is a
developmental program that targets self-care skills as well as the socio-emotional, cogni-
tive, motor, and language development of children (Milli Egitim Bakanligi [MEB], 2012).
Unlike US preschool and kindergarten programs where developing conceptual under-
standings of foundational science concepts in children are targeted, the Turkish
program does not include early science learning content standards for the preschool
and kindergarten level (Sagkes, Flevares, & Trundle, 2010; Sagkes, Trundle, & Flevares,
2009). The Turkish program only makes weak references to the development of some
science process skills (i.e. making observations and establishing a cause and effect relation-
ship) (Sagkes, 2014a).

Previous research studies indicated that in typical US and Turkish preschool and kin-
dergarten classrooms very little time is devoted to support children’s learning of science
concepts and skills (Early et al., 2010; Sagkes, 2014b; Sagkes, Trundle, Bell, & O’Connell,
2011; Varol, 2013). When US and Turkish early childhood educators attempt to introduce
science concepts and skills they mostly focus on specific life and space science concepts
and employ instructional strategies that are not aligned well with contemporary science
education literature (Ayvaci, Devecioglu, & Yigit, 2002; Giiler & Bikmaz, 2002; Sagkes,
2014b; Trundle & Sagkes, 2012). Therefore, we expect that differences between US and
Turkish early education programs will not translate into performance differences
between US and Turkish children.

The present study aims to examine the observational knowledge of young children,
which subsequently serve as the basis for the development of mental models of the day
and night cycle, from two cultures to identify whether US and Turkish children have
similar observational knowledge as predicted by the framework theory. More specifically,
the current study seeks to answer the following research questions: What do US and
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Turkish children know about the objects in the sky? Do US and Turkish children have
similar observational knowledge of astronomy? Does their knowledge of objects in the
sky differ by gender?

Children’s understandings of observational astronomy

A large body of research on young children’s ideas of astronomy has been generated
(Lelliott & Rollnick, 2010; Sackes, 2015a). Most studies in the literature have focused on
children’s understanding of the shape of the Earth, day and night cycle, seasons, and
lunar concepts. The current study focuses on the concepts of celestial objects that are
observable by young children in the day and night skies. Therefore, a brief presentation
of the literature concerning children’s understandings of the day and night cycle and
lunar concepts is provided below.

Day and night cycle

Most adults understand that the Earth’s rotation on its axis causes the day and night cycle.
However, this scientific understanding is not held by most young children who hold
alternative ideas about the cause of this familiar natural phenomenon. Research studies
with young children have demonstrated that most tend to perceive the sun’s movement
across the sky as the cause for the day and night cycle (e.g. Kiigiikdzer & Bostan, 2010;
Piaget, 1972; Sharp, 1996; Siegal, Butterworth, & Newcombe, 2004; Tao, Oliver, &
Venville, 2012; Valanides et al., 2000). Some children proclaim it is the deviation in the
sun’s strength, which causes the day/night cycle, and they believe that the sun is strong
during the daytime and its strength diminishes by the end of the day (Kallery, 2011).
Others relate the cause of the day/night cycle to the movement of the moon. These chil-
dren believe that when there is no moon in the sky we experience daytime and when the
moon is up it is nighttime (Kiigitkzer & Bostan, 2010). Other common misconceptions of
young children through later elementary ages include the blocking of sunlight by clouds or
the movement of the Earth around the sun as the cause of the day and night cycle (Baxter,
1989; Kikas, 1998; Kiiciikdzer & Bostan, 2010; Siegal et al., 2004). This latter misconcep-
tion appears to be a synthesis of scientific knowledge provided in school with intuitive
ideas, and it was found to be popular with older elementary English, Greek, Estonian,
and Turkish students (Baxter, 1989; Kikas, 1998; Kiicitkozer, Korkusuz, Kii¢tikozer, &
Yiirtimezoglu, 2009).

The concurrent movement of the Earth on its own axis and in an orbit around the sun
appears to be unclear for many young children (ages 5-6), and this lack of clarity on these
concepts can be a factor in the construction of this particular alternative conception
(Sagkes, 2015b; Valanides et al., 2000). Supernatural forces or anthropocentric expla-
nations are often provided by a few children as the cause of day and night. These children
believe that daytime occurs for the purpose of work and school while nighttime happens to
allow us to sleep (Kiigiikozer & Bostan, 2010; Tao et al., 2012). For these children, human
activities cause the day and night cycle.

Under the constraints of framework theory, researchers have reported that children can
hold different mental models of the day and night cycle, which are influenced by their
everyday experiences and intuitions (Vosniadou & Brewer, 1994). Younger children
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who hold naive or initial models tend to believe that day and night are caused when the
sun moves toward or away from the Earth. Others think that Earth’s physical attributes or
the atmosphere (i.e. clouds) block the sun to cause night (Sagkes, 2015b; Vosniadou &
Brewer, 1994). However, older children usually possess one of the following synthetic
models, which combine scientific knowledge with intuitive ideas, to explain day and
night: (1) the sun and the moon orbit the stationary Earth each day, (2) the Earth and
the moon orbit the sun each day, (3) both the moon and sun travel in up and down direc-
tions while both are situated on different sides of the Earth, or (4) the sun and the moon
are in fixed positions on the opposite sides of the Earth and the Earth rotates in either an
up and down or east to west direction. Some of these synthetic models are similar to ones
previously identified in the literature (Baxter, 1989; Kikas, 1998; Kiigiikozer et al., 2009).

Similar models were also identified in other studies with children from different cultural
backgrounds (Diakidoy et al., 1997; Dunlop, 2000; Samarapungavan et al., 1996; Vosniadou
etal., 2004). For example, the movement of the Earth around the sun as the cause of day and
night was the most common alternative explanation held by older Greek children. Younger
Greek children believed clouds or mountains block the sun to cause night (Vosniadou et al.,
2004). The majority of Australian children (ages 7-14) reasoned that the day and night cycle
results from the Earth’s daily orbit of the sun or that the moon blocks the sun (Dunlop,
2000). While American-Indian and Indian children held mental models of the day and
night cycle similar to European-American children, they also held some culture-specific
mental models (Diakidoy et al., 1997; Samarapungavan et al., 1996). American-Indian chil-
dren held culture-specific conceptions reflecting their cultural creation myth while Indian
children seemed to be influenced by Indian mythology. For example, young Indian children
believed that the Earth is positioned on top of a body of water, and the sun and the moon go
down into the water underneath the Earth to cause day and night (Samarapungavan et al.,
1996). Results from these studies in different cultural contexts indicated that younger chil-
dren were more likely to hold intuitive mental models of the day and night cycle whereas
older children were more likely to hold synthetic and scientific mental models.

In another more recent study, Tao et al. (2012) investigated eight-year-old Chinese and
Australian children’s ideas on the day and night cycle. Most Chinese children explained
the cause of the day and night cycle by providing a description of their observations. Chil-
dren associated the appearance of the sun with the day sky and the moon and the stars
with the night sky, and they attributed the cause of day and night to the presence or
absence of these celestial objects. A few children from each culture used the rotation of
the Earth as an explanation for the day and night cycle. The motion of the sun around
the Earth or behind the moon were other common explanations Chinese and Australian
children provided for the day and night cycle (Tao et al., 2012).

Lunar concepts

Studies on children’s understanding of lunar concepts demonstrate that the majority of the
children, even at the early ages, are cognizant of the moon’s changing appearance over
time (Piaget, 1972; Plummer, 2009; Za’rour, 1976). The majority of children reason that
the moon is observable only in the nighttime sky and few are aware that the moon also
appears in the daytime sky (Dogru & Seker, 2012; Hobson, Trundle, & Sagkes, 2010; Kiicii-
kozer & Bostan, 2010; Plummer & Krajcik, 2010; Trundle, Sagkes, Smith, & Miller, 2012).
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Children commonly use various analogies to describe the different shapes of the moon
(Haupt, 1950; Kigciikozer & Bostan, 2010; Trundle, Atwood, & Christopher, 2007;
Za’rour, 1976), and children are more aware of some phases (e.g. full moon, crescents,
and the waning phases of the moon) than other phases (e.g. gibbous moon) (Dogru &
Seker, 2012; Hobson et al., 2010; Trundle et al., 2007). Children’s representations of the
moon typically include nonscientific shapes, such as an exaggerated or overarticulated
crescent moon or banana, to represent different phases of the moon (Dogru & Seker,
2012; Hobson et al., 2010; Osborne, Black, Wadsworth, & Meadows, 1994; Trundle
et al., 2007). While children appear to understand that lunar phases occur in a regularly
recurring sequence or pattern, most are unable to identify the observable scientific
sequences (Hobson et al., 2010; Trundle et al., 2007). Some children believe the moon
changes in size by getting larger and smaller in length and width as it changes in appear-
ance during the cycle of moon phases (Roald & Mikalsen, 2001; Za’rour, 1976).

Children’s explanations for the cause of moon phases generally change with their ages.
Very young children often describe human actions and supernatural forces as being
responsible for the lunar phases. With increased developmental age children begin to attri-
bute causes of moon phases to natural phenomena such as the wind or clouds (Haupt,
1950; Piaget, 1972). During the early elementary grades, children begin to incorporate a
blocking mechanism into their explanations for the cause of the lunar phases. Children
begin to assert that objects, including the Earth or other planets, prevent sunlight from
reaching the moon (Hobson et al., 2010). This causal mechanism appears to retain popu-
larity even into adulthood (Trundle, Atwood, & Christopher, 2002).

Children’s conceptual understandings of lunar concepts are likely to be influenced by
their culture. For example, Dogru and Seker (2012) found that Turkish children were more
familiar with the crescent moon and propose this could possibly be due to the crescent
moon being a cultural and a national symbol in Turkey. Za’rour’s (1976) study with Leba-
nese children reported significantly more Christian children perceived the moon as chan-
ging in appearance than Muslim children.

Collectively, the findings of the studies on children’s conceptions of the day and night
cycle and lunar concepts suggest that children from different cultures begin to make obser-
vations of astronomical objects and events early in their everyday lives and construct pre-
dominantly similar naive and synthetic mental models of space science phenomena. The
current study included the concepts of identifying the time of day (day or night), providing
evidence for the time of day, recognizing the colors of the day and night skies, identifying
celestial objects that can be observed in the day and night skies, and recognizing the times
of day when celestial objects are likely to be observed. This early observational and cultu-
rally based knowledge held by young children is likely to influence the construction of
their mental models of the day and night cycle.

Methods
Participants

A total of 56 children, 27 US and 29 Turkish, participated in the study. US children were
recruited from a publicly funded preschool where approximately 85% of the families
received funding aid. The preschool was in a Midwestern metropolitan city in the USA.
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Turkish children were recruited from a publicly funded preschool serving children of low-
income families in a city located in the Northwestern part of Turkey. The children ranged in
age from 48 to 60 months. Slightly more than half of the children were boys (17 US and 12
Turkish) and 44.8% of the children were girls (10 US and 17 Turkish). The teachers in the
classrooms where the children were recruited reported that no instruction targeting the day
and night cycle was implemented in their classrooms prior to data collection or analysis.

Data collection and analysis

Semi-structured interviews were conducted with each child individually to describe pre-
schoolers” understandings of the day and night and objects in the sky. The interview pro-
tocol (Appendix 1) included a total of nine questions developed and based on US state
standards and a Framework for K-12 Science Standards: Practices, Crosscutting Concepts,
and Core Ideas (Schweingruber, Keller, & Quinn, 2012). Interviews were recorded digitally
and then transcribed.

The constant comparative method was used to analyze the children’s responses. The
constant comparative method was designed for use in the grounded theory methodology
by Glaser (1965) and Glaser and Strauss (1967). The main purpose of this method is to
generate theory through ‘joint coding and analysis’ (Glaser, 1965, p. 437) and to
compare responses from all children. In order to develop conceptual models and cat-
egories, this method of analysis continuously questions, compares, and delimits the data
(Boeije, 2002; Glaser, 1965; Glaser & Strauss, 1967). This type of data analysis has been
used in science education research focused on various concepts including moon phases
(Trundle et al., 2007), the particulate nature of matter (Adadan, Trundle, & Irving,
2009), tides (Ucar & Trundle, 2011; Ucar, Trundle, & Krissek, 2011), and seasons (Wild
& Trundle, 2010). In order to examine the construct validity of the interview protocol
including nine questions Rasch analysis was used. Initially, children’s responses were
coded and then scored based on their alignment with a scientific explanation. Responses
to each interview item were scored either 1 or 0. These scores were used in the Rasch
analysis, which was performed using the Winsteps software (Linacre, 2009). Through
Rasch analysis we examined how well the interview questions defined the latent trait,
observational knowledge of astronomy, and the difficulty level of the interview questions.
Rasch analysis was also used to convert children’s raw scores to linear units ranging from 0
to 100, which are more suitable for parametric statistics such as ANOVA. While the dif-
ficulty levels of interview questions were calculated to make a fine-grained comparison of
US and Turkish children’s performances on each interview question, the outcome
measures were calculated to make a general comparison using a two-way ANOVA test.

Results
Responses to interview questions

Results demonstrated that almost three-fourths of the US children (20 out of 27) were able
to accurately identify the outside sky as a day sky. Eleven of these children (41%) were able
to provide evidence to explain how they knew it was day. For example, many students
noted ‘the sun’s out’ or ‘there is light in the sky and the sky is light blue’. Only one-third
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of the children (33%) were able to describe typical celestial objects associated with the day
sky. Slightly more than half of the children were able to describe the observable objects in
the night sky (56%). The children’s responses for objects observable in the night sky con-
sidered as scientific were the stars and moon. While half of the children were able to speak
to this, many other responses included distractors such as clouds, birds, and airplanes. The
least known time when a celestial object could possibly be observed was that of the moon
(44%), many stating that the moon was only observable at night, not both day and night.
Slightly more than 70% of the children were able to explain that the sun can only be visible
during daytime and 63% were able to explain that the stars are visible during nighttime.

A majority of Turkish children (25 of 29, or 86%) were able to identify the outside sky
as a day sky. Twelve of these children (41%) were able to provide evidence to explain how
they knew it was day. Similar to US children, few Turkish children were able to describe
typical celestial objects associated with the day sky (41%). However, almost three-fourths
of Turkish children were able to describe the observable objects in the night sky (72%).
The least known time when a celestial object could possibly be observed was that of the
moon (17%). Almost 59% of the children were able to explain that the sun can only be
visible during daytime and about 62% were able to explain that the stars are visible
during nighttime. Figure 1 presents children’s scientific responses to interview questions.

Interview question difficulty

Rasch analysis was performed to calculate the difficulty measures of interview questions. A
Wright map was constructed to examine the difficulty level of interview questions (see
Figure 2). Children’s performance (right part of the figure) and difficulty level of interview
questions (left part of the figure) were displayed on the Wright map. Interview questions
were presented in increasing difficulty along a line representing the construct (children’s
knowledge of objects in the sky) defined by the interview questions. While the interview
questions at the top of the map were the hardest questions for the children, questions at

m US-Boys = TR-Boys ® US-Girls = TR-Girls

14 14 14 14

Figure 1. Scientific responses by nation and gender
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Figure 2. Wright map

the bottom of the map were the easiest questions for the participants in this study. For
example, the most difficult interview question for the children was the question about
the time of observation for the moon and the easiest interview question was the question
that required children to identify the outside sky as daytime or nighttime. Children’s
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performances are presented on the right part of the figure using two letters (first letter
representing nation and the second letter representing gender) in increasing competency.
While the children with the highest competency are located at the top of the map, children
with the lowest competency are located at the bottom of the map. For example, the most
competent child was a US boy with a logit score of approximately 3.0, and his score is
located at the top right part of the map. This child was expected to answer all interview
questions accurately.

Results of differential item functioning (DIF) analysis indicated that the interview ques-
tion about the time of observation for the moon did not have the same difficulty level for
Turkish and US children (DIF contrast: 1.55). This question was easier for US children
(DIF = 0.75) to respond to when compared to Turkish children (DIF = 2.30). The differ-
ence between these two difficulty measures was statistically significant (y* =5.28, df =1,
p=.022). In other words, US children were more likely to perform better than the
Turkish children on this particular question. DIF analysis did not reach significance for
the remaining interview questions.

Comparison of US and Turkish children’s performances

Children’s responses to interview questions were analyzed to calculate person outcome
measures (Wright & Stone, 1979). The outcome measures were rescaled to user-friendly
linear logit scores ranging from 0 to 100. These scores were used in the two-way
ANOVA test to compare children’s performance (see Table 1 for the mean and standard
deviation of logit scores for the children). The ANOVA results indicated that there was no
statistically significant difference between US and Turkish children (F(1, 52)=0.06,
p >.05) or between boys and girls (F(1, 52) = 0.64, p >.05). Nation by gender interaction
also was not statistically significant (F(1, 52) =0. 01, p>.05). These results suggest that
overall performances of US and Turkish children and boys and girls were comparable.

Discussion

Framework theory suggests that entrenched presuppositions about natural phenomena
acquired early in life influence children’s construction of specific theories which includes
interrelated propositions about natural phenomena. These specific theories in turn
support the generation of mental models of science phenomena (Vosniadou, 1994; Vos-
niadou et al., 2008). Framework theory also suggests that domain-specific presuppositions

Table 1. Descriptive statistics for logit measures

Nation Gender Mean SD N
Turkey Boys 56.24 16.53 12
Girls 55.14 11.76 17
Total 55.60 13.66 29
USA Boys 55.20 2353 17
Girls 53.93 11.12 10
Total 54.73 19.59 27
Total Boys 55.63 20.59 29
Girls 54.69 11.33 27

Total 55.18 16.63 56
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that influence children’s observations might be universal and children typically share
similar observational experiences (Vosniadou, 1994). Therefore, children in different cul-
tures should share similar observational knowledge of the day and night cycle (Vosniadou
& Brewer, 1994). The current study aimed to examine US and Turkish children’s observa-
tional knowledge of astronomy. The results demonstrated that the observational knowl-
edge of preschoolers from two cultures have great similarities as predicted by the
framework theory (Vosniadou & Brewer, 1992; Vosniadou et al., 2008).

Findings of the present study suggest that US and Turkish preschoolers are able to
make informal observations of the sky, and the overall performances of the children
were comparable with one expection. US children were more likely to perform better
than the Turkish children on the question about the time of observation for the moon.
This concept is typically targeted in US preschool and kindergarten programs. It
appears that the only impact the program differences had on children’s performances is
the knowledge of time of observation for the moon. The Turkish early childhood edu-
cation program is a developmental program based on the ‘whole child’ philosophy. The
Turkish program aims to support the development of children’s socio-emotional, cogni-
tive, motor, language, and self-care skills (MEB, 2012). Unlike the US program, the
Turkish early childhood education program does not include early learning content stan-
dards for science and only makes references to the acquisition of some science process
skills like making observations and establishing a cause and effect relationship. In contrast,
early learning content standards of many states in the USA, such as Ohio, make explicit
references to basic science concepts in various domains including space science (Sagkes
et al,, 2010). Although science concepts and skills are better represented in US early child-
hood education programs than the Turkish program, as predicted, this advantage did not
translate into overall performance differences between US and Turkish children possibly
due to low implementation fidelity (Maier, Greenfield, & Bulotsky-Shearer, 2013; Sagkes
et al., 2011).

Nevertheless, superior performances of US children on the item that targets their
knowledge of time of observation for the moon might be a facilitating factor in the devel-
opment of their causal explanation for the day and night cycle in the long run. Very young
children tend to believe that the sun is in the sky during the daytime, while the moon and
stars are in the sky during the nighttime, but not daytime. These limited observations of
young children appear to promote the idea that the appearance of the sun and the disap-
pearance of the moon and the stars in sequence causes the day and night cycle (Vosniadou
& Brewer, 1994). Along with exposure to scientific knowledge of rotation and orbit, this
idea possibly leads children to construct several misconceptions or synthetic models,
such as a Rotation + Distance model where the Earth’s rotation on its axis as the sun
moves far away and comes back produces the day and night cycle (Sagkes, 2015b; Vosnia-
dou & Brewer, 1994). Research studies suggest that knowledge of basic science concepts,
such as shape of the Earth, promotes children’s scientific understanding of the cause of the
day and night cycle (Vosniadou, 1991). The knowledge that the moon can be observed
both in the day and nighttime might be basic knowledge that facilitates construction of
scientific understanding of the cause of the day and night cycle. In other words, children
with observational knowledge that the moon can be observed both in the day and night-
time might be more likely to develop a scientific understanding of the cause of the day and
night cycle.
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The findings of the present study should be considered as preliminary support for the
predictions of framework theory regarding the universality of children’s domain-specific
presuppositions of astronomy and children’s observational knowledge that are con-
strained by them. The present study did not directly investigate the presuppositions,
but rather focused on children’s observational knowledge. However, we believe that
making inferences about presuppositions based on observational knowledge is warranted
for the following reason. Framework theory suggests that presuppositions influence chil-
dren’s interpretations of their everyday observations of natural phenomena. In other
words, observational knowledge, as presented by children in their utterances, are indi-
cators of their presuppositions. Presuppositions can be perceived as latent constructs
that are not directly observable but can be inferable from children’s utterances that rep-
resent their observational knowledge.

The findings also highlight the limitations of the implementation of the US early child-
hood education program. Nevertheless, these findings should be interpreted with caution
as the sample size from the countries was small and limited to two study sites. Further
studies should investigate whether instructional practices in early childhood classrooms
are aligned with and effective in meeting the targets of the program. The findings of the
present study suggest that the concept of a spherical Earth and rich observational experi-
ences that focus children’s attention on the time of observation for moon should be intro-
duced before the implementation of science instruction on the cause of the day and night
cycle. Developmentally appropriate instructional interventions that provide carefully
planned opportunities for sky observations and invite children to reflect on their obser-
vations might capitalize on children’s documented capabilities in making sky observations
in the current study. Consequently, this type of intervention might also help preschoolers
develop scientific mental models of the day and night cycle and other science phenomena
targeted in the programs. Future studies should also examine the effectiveness of such
interventions on preschoolers’ conceptual understandings of the standard-based space
science concepts and the day and night cycle.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Adadan, E., Trundle, K. C., & Irving, K. E. (2009). Impacts of multirepresentational instruction on
high school students’ conceptual understandings of the particulate nature of matter.
International Journal of Science Education, 31(13), 1743-1775.

Ayvaci, H. §., Devecioglu, Y., & Yigit, N. (2002, Eylil). Okuloncesi 6gretmenlerinin fen ve doga
etkinliklerindeki yeterliliklerinin belirlenmesi [Determining the efficacy of preschool teachers
in science and nature activities]. 5. Ulusal Fen Bilimleri ve Matematik Egitimi Kongresinde
sunulmug bildiri, 16-18 Eyliil, ODTU, Ankara, Tiirkiye.

Baxter, J. (1989). Children’s understanding of familiar astronomical events. International Journal of
Science Education, 11(special issue), 502-513.

Boeije, H. (2002). A purposeful approach to the constant comparative method in the analysis of
qualitative interviews. Quality and Quantity, 36(4), 391-409.



Downloaded by ["Queen's University Libraries, Kingston"] at 04:41 23 February 2016

KNOWLEDGE OF ASTRONOMY 127

Diakidoy, A., Vosniadou, S., & Hawks, S. (1997). Conceptual change in astronomy: Models of the
earth and of the day/night cycle in American-Indian children. European Journal of Psychology of
Education, 12(2), 159-184.

diSessa, A. A. (1993). Toward an epistemology of physics. Cognition and Instruction, 10(2-3),
105-225.

diSessa, A. A. (2002). Why ‘conceptual ecology’ is a good idea. In Reconsidering conceptual change:
Issues in theory and practice (pp. 28-60). Netherlands: Springer.

diSessa, A. A., Gillespie, N. M., & Esterly, J. B. (2004). Coherence versus fragmentation in the devel-
opment of the concept of force. Cognitive science, 28(6), 843-900.

Dogru, M., & Seker, F. (2012). The effect of science activities on concept acquisition of age 5-6 chil-
dren groups-the effect of science activities on concept acquisition of age 5-6 children groups.
Educational Sciences: Theory and Practice, 12(4), 3011-3024.

Dunlop, J. (2000). How children observe the universe. Publication of Astronomical Society of
Australia, 17, 194-206.

Early, D., Iruka, L, Ritchie, S., Barbarin, O., Winn, D., & Crawford, G., ... Pianta, R. C. (2010). How
do pre-kindergarteners spend their time? Gender, ethnicity, and income as predictors of experi-
ences in pre-kindergarten classrooms. Early Childhood Research Quarterly, 25(2), 177-193.

Glaser, B., & Strauss, A. (1967). The discovery of grounded theory. London: Weidenfield & Nicolson.

Glaser, B. G. (1965). The constant comparative method of qualitative analysis. Social problems, 12,
436-445.

Giiler, D., & Bikmaz, F. H. (2002). Anasimniflarda fen etkinliklerinin gerceklestirilmesine iliskin
Ogretmen goriisleri [Teachers’ views on the realization of the science activities in preschools].
Egitim Bilimleri ve Uygulama, 1(2), 249-267. Retrieved from http://www.ebuline.com/pdfs/
2Sayi/2-8.pdf

Haupt, G. W. (1950). First grade concepts of the moon, part 2 by interview. Science Education, 34
(4), 224-234.

Hobson, S. M., Trundle, K. C., & Sagkes, M. (2010). Using a planetarium software program to
promote conceptual change with young children. Journal of Science Education and
Technology, 19(2), 165-176.

Kallery, M. (2011). Astronomical concepts and events awareness for young children. International
Journal of Science Education, 33(2), 341-369.

Kikas, E. (1998). The impact of teaching on students’ definitions and explanations of astronomical
phenomena. Learning and Instruction, 8(5), 439-454.

Kigiikozer, H., & Bostan, A. (2010). Ideas of kindergarten students on the day-night cycles, the
seasons and the moon phases. Journal of Theory and Practice in Education, 6(2), 267-280.

Kigiikozer, H., Korkusuz, M. E., Kiiciikozer, H. A., & Yiirlimezoglu, K. (2009). The effect of 3d
computer modeling and observation-based instruction on the conceptual change regarding
basic concepts of astronomy in elementary school students. Astronomy Education Review, 8
(1). doi:10.3847/AER2009006

Lelliott, A., & Rollnick, M. (2010). Big ideas: A review of astronomy education research from 1975-
2008. International Journal of Science Education, 32(13), 1771-1799.

Linacre, J. M. (2009). Winsteps (Version 3.68. 0)[Computer software]. Chicago: Winsteps. com.

Maier, M. F., Greenfield, D. B., & Bulotsky-Shearer, R. J. (2013). Development and validation of a
preschool teachers’ attitudes and beliefs toward science teaching questionnaire. Early Childhood
Research Quarterly, 28(2), 366-378. http://dx.doi.org/10.1016/j.ecresq.2012.09.003

Milli Egitim Bakanligi [Ministry of National Education]. (2012). Okul éncesi egitimi programi
[Preschool education program]. Retrieved from http://ttkb.meb.gov.tr/www/ogretim-
programlari/icerik/72

Osborne, J., Black, P. J., Wadsworth, P., & Meadows, J. (1994). SPACE research report: The earth in
space. Liverpool: University of Liverpool.

Piaget, J. (1972). Child’s conceptions of the world (J. and A. Tomlinson, Trans.). Lanham, MA:
Littlefield Adams. (Original work published 1928).

Plummer, J. D. (2009). A cross-age study of children’s knowledge of apparent celestial motion.
International Journal of Science Education, 31(12), 1571-1605.


http://www.ebuline.com/pdfs/2Sayi/2&ndash;8.pdf
http://www.ebuline.com/pdfs/2Sayi/2&ndash;8.pdf
http://dx.doi.org/10.3847/AER2009006
http://dx.doi.org/http://dx.doi.org/10.1016/j.ecresq.2012.09.003
http://ttkb.meb.gov.tr/www/ogretim-programlari/icerik/72
http://ttkb.meb.gov.tr/www/ogretim-programlari/icerik/72

Downloaded by ["Queen's University Libraries, Kingston"] at 04:41 23 February 2016

128 M. SACKES ET AL.

Plummer, J. D., & Krajcik, J. (2010). Building a learning progression for celestial motion: elemen-
tary levels from an earth-based perspective. Journal of Research in Science Teaching, 47(7),
768-787.

Roald, I., & Mikalsen, O. (2001). Configuration and dynamics of the Earth-Sun-Moon system: An
investigation into conceptions of deaf and hearing pupils. International Journal of Science
Education, 23, 423-440.

Sackes, M. (2014a). Parents who want their PreK children to have science learning experiences are
outliers. Early Childhood Research Quarterly, 29(2), 132-143.

Sagkes, M. (2014b). How often do early childhood teachers teach science concepts? Determinants of
the frequency of science teaching in kindergarten. European Early Childhood Education Research
Journal, 22(2), 169-184.

Sagkes, M. (2015a). Young children’s ideas about earth and space science concepts. In K. Trundle &
M. Sackes (Eds.), Research in early childhood science education (pp. 35-65). Netherlands:
Springer.

Sagkes, M. (2015b). Kindergartners’ mental models of the day and night cycle: Implications for
instructional practices in early childhood classrooms. Educational Sciences: Theory and
Practice, 15(4), 997-1006.

Sagkes, M., Flevares, L. M., & Trundle, K. C. (2010). Four-to six-year-old children’s conceptions of
the mechanism of rainfall. Early Childhood Research Quarterly, 25(4), 536-546.

Sagkes, M., Trundle, K. C., Bell, R. L., & O’Connell, A. A. (2011). The influence of early science experi-
ence in kindergarten on children’s immediate and later science achievement: Evidence from the
Early Childhood Longitudinal Study. Journal of Research in Science Teaching, 48(2), 217-235.

Sackes, M., Trundle, K. C., & Flevares, L. M. (2009). Using children’s literature to teach standard-
based science concepts in early years. Early Childhood Education Journal, 36(5), 415-422.

Samarapungavan, A., Vosniadou, S., & Brewer, W. (1996). Mental models of the earth, sun and
moon: Indian children’s cosmologies. Cognitive Development, 11, 491-521.

Schweingruber, H., Keller, T., & Quinn, H. (Eds.). (2012). A framework for K-12 science education:
Practices, crosscutting concepts, and core ideas. Washington, DC: National Academies Press.
Sharp, J. G. (1996). Children’s astronomical beliefs: A preliminary study of year 6 children in south-

west England. International Journal of Science Education, 18, 685-712.

Siegal, M., Butterworth, G., & Newcombe, P. A. (2004). Culture and children’s cosmology.
Developmental Science, 7(3), 308-324.

Tao, Y., Oliver, M., & Venville, G. (2012). Long-term outcomes of early childhood science edu-
cation: Insights from a cross-national comparative case study on conceptual understanding of
science. International Journal of Science and Mathematics Education, 10(6), 1269-1302.

Trundle, K. C., Atwood, R. K., & Christopher, J. E. (2002). Preservice elementary teachers’ con-
ceptions of moon phases before and after instruction. Journal of Research in Science Teaching,
39(7), 633-658. doi:10.1002/tea.10039.

Trundle, K. C., Atwood, R. K., & Christopher, J. E. (2007). Fourth grade elementary students’ con-
ceptions of standards-based lunar concepts. International Journal of Science Education, 29(5),
595-616.

Trundle, K. C., & Sagkes, M. (2012). Science and early education. In R. C. Pianta, W. S. Barnett, L.
M. Justice, & S. M. Sheridan (Eds.), Handbook of early childhood education (pp. 240-258).
New York, NY: Guilford.

Trundle, K. C., Sagkes, M., Smith, M. M., & Miller, H. L. (2012, September). Preschoolers’ ideas
about day and night and objects in the sky. Paper presented at the annual meeting of the
International Congress on Early Childhood Education. Adana, Turkey, September 12-15.

Ucar, S., & Trundle, K. C. (2011). Conducting guided inquiry in science classes using authentic,
archived, web-based data. Computers ¢» Education, 57(2), 1571-1582.

Ucar, S., Trundle, K., & Krissek, L. (2011). Inquiry-based instruction with archived, online data: An
intervention study with preservice teachers. Research in Science Education, 41(2), 261-282. doi:
10.1007/s11165-009-9164-7

Valanides, N., Gritsi, F., Kampeza, M., & Ravanis, K. (2000). Changing pre-school children’s con-
ceptions of the day/night cycle. International Journal of Early Years Education, 8(1), 27-39.


http://dx.doi.org/10.1002/tea.10039
http://dx.doi.org/10.1007/s11165-009-9164-7
http://dx.doi.org/10.1007/s11165-009-9164-7

Downloaded by ["Queen's University Libraries, Kingston"] at 04:41 23 February 2016

KNOWLEDGE OF ASTRONOMY 129

Varol, F. (2013). What they believe and what they do. European Early Childhood Education
Research Journal, 21(4), 541-552.

Vosniadou, S. (1991). Designing curricula for conceptual restructuring: Lessons from the study of
knowledge acquisition in astronomy. Journal of curriculum studies, 23(3), 219-237.

Vosniadou, S. (1994). Capturing and modeling the process of conceptual change. Learning and
Instruction, 4(1), 45-69.

Vosniadou, S., & Brewer, W. F. (1992). Mental models of the earth: A study of conceptual change in
childhood. Cognitive Psychology, 24, 535-585.

Vosniadou, S., & Brewer, W. F. (1994). Mental models of the day/night cycle. Cognitive Science, 18,
123-183.

Vosniadou, S., Skopeliti, I., & Ikospentaki, K. (2004). Modes of knowing and ways of reasoning in
elementary astronomy. Cognitive Development, 19(2), 203-222.

Vosniadou, S., Vamvakoussi, X., & Skopeliti, I. (2008). The framework theory approach to the
problem of conceptual change. In S. Vosniadou (Ed.), International handbook of research on con-
ceptual change (pp. 3-34). New York, NY: Routledge.

Wild, T. A., & Trundle, K. C. (2010). Conceptual understandings of seasonal change by middle
school students with visual impairments. Journal of Visual Impairment ¢ Blindness, 104(2),
107-108.

Wright, B. D., & Stone, M. H. (1979). Best test design. Chicago, IL: MESA Press.

Zarour, G. L. (1976). Interpretation of natural phenomena by Lebanese school children. Science
Education, 60(2), 277-287.

Appendix 1. Interview Protocol for Children (Objects in the Sky)
Comparing Day and Night

e Look at the sky from the window right now and tell me, do you see a day sky or a night
sky?

e How can you tell it is day (or night)?

e What color is the sky now?

o What things can you see in the day sky?

e What color is the night sky?

» What things can you see in the night sky?

Observation Time

e When can you see the moon?

o Can you see the moon during the daytime/at nighttime?
e When can you see the stars?

o Can you see the stars at daytime/nighttime?
e When can you see the sun?

o Can you see the sun at daytime/nighttime?



	Abstract
	Introduction
	Children's understandings of observational astronomy
	Day and night cycle
	Lunar concepts

	Methods
	Participants
	Data collection and analysis

	Results
	Responses to interview questions
	Interview question difficulty
	Comparison of US and Turkish children's performances

	Discussion
	Disclosure statement
	References
	Appendix 1.Interview Protocol for Children (Objects in the Sky)

