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Abstract
This study investigated inservice 

PreK to Grade two teachers’ knowl-
edge of some earth and space science 
concepts before and after a short-term 
teacher institute. A one-group pre-test-
post-test design was used in the current 
study. Earth science concepts targeted 
during the professional develop-
ment included properties of rocks and 
soils, and the space science concepts 
included moon shapes and sequences 
and the cause of moon phases. After 
the instruction, participants better 
understood properties of rocks and 
soil and targeted lunar concepts. They 
also were able to draw observable 
moon phases and pattern of changes in 
phases. The results of the current study 
indicate that even a short-term profes-
sional development enhanced inser-
vice teachers’ knowledge of targeted 
concepts.

Introduction
Most early childhood teachers do not 

teach science regularly in their class-
rooms, and when they do teach science, 
it is often for less than two hours per 
week (Greenfield, Jirout, Dominguez, 
Greenberg, Maier, & Fuccilo, 2009; 
Tilgner, 1990). In a more recent study, 
the majority of early childhood teach-
ers reported that they teach science 
once or twice a week with a total of 
up to 60 minutes of science instruction 

(Saçkes, Trundle, Bell, & O’Connell, 
2011). Early childhood teachers spend 
less time on science instruction for 
several reasons, including lack of 
time, self-confidence, collegial sup-
port, materials, money, space, enthu-
siasm/interest, and content knowledge 
(Appleton & Kindt, 1999, 2002; Cho, 
Kim & Choi, 2003).

Lack of content knowledge in sci-
ence has been reported to be one of 
the most important reasons that teach-
ers of young children do not teach 
science (Appleton, 1992; Cho et al., 
2003; Harlen, 1997; Tobin, Briscoe, 
& Holman, 1990). Kallery and Psillos 
(2001) reported that only about 22% 
of the early childhood teachers in their 
study felt that they had sufficient sci-
entific content knowledge. Garbett 
(2003) found that many early child-
hood teachers had a limited under-
standing of the science concepts they 
are expected to teach, which makes 
them uncomfortable teaching sci-
ence, and teachers also reported low 
confidence in teaching science (Pell 
& Jarvis, 2003; Tilgner, 1990). Early 
childhood teachers’ lack of confidence 
in their ability to teach science has 
been largely attributed to their limited 
science content knowledge (Appleton, 
1995; Schoon & Boone, 1998).

Teachers use a variety of coping 
strategies to compensate for their lack 
of science content knowledge includ-
ing teaching as little of the subject as 
possible, teaching more biology ver-
sus physical science, relying on com-
mercially developed lessons, using 

non-fiction childrens’ trade books, and 
avoiding all but simple hands-on activ-
ities (Akerson, 2004; Harlen, 1997).

Several studies have provided evi-
dence that inservice training can 
enhance teachers’ science content 
knowledge (Hemler & Repine, 2006; 
Parker & Heywood, 2000). Parker 
and Heywood (1998) reported that 
a ten-day course designed to teach 
basic astronomy concepts to inservice 
elementary teachers was effective at 
improving teachers’ knowledge of day 
and night, seasons, and moon phase 
concepts. Another ten-day profes-
sional development program designed 
to teach standards-based earth science 
concepts (e.g. properties and formation 
of rocks) to nineteen inservice teachers 
was again effective at improving teach-
ers’ knowledge of the related earth sci-
ence concepts (Trundle, Krissek, & 
Ucar, 2005). Studies also have shown 
that in addition to improving teachers’ 
content knowledge, inservice training 
programs can change teachers’ attitude 
toward science teaching and improve 
their confidence about science teach-
ing (Jarvis & Pell, 2004). Improved 
science content knowledge was found 
to be related to teachers’ ability to 
create inquiry-based science lessons 
(Luera, Moyer, & Everett, 2005).

Researchers pointed out a need to 
address science content knowledge 
during preservice programs and pro-
fessional development for inservice 
teachers (Akerson, 2004; Appleton, 
1992; Ucar, Trundle, & Krissek, 2006). 
The current study aimed to address this 
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need through investigating the effects 
of short-term instruction about earth 
and space science content for early 
childhood teachers.

Theoretical Framework
Young children come into our 

classes with their own ideas about how 
the natural world works. They likely 
have their own understandings about 
the shape of the earth, how rain occurs, 
why we observe different shapes of the 
moon, and what makes up rocks and 
soil. Most of the time these ideas are 
naïve and non-scientific and often go 
unarticulated and unchanged in the sci-
ence classroom if teachers themselves 
lack scientific understanding of these 
concepts (Hewson & Hewson, 1988). 
The National Science Education 
Standards (National Research Council 
[NRC], 1996) acknowledge the prob-
lem of alternative conceptions students 
have and recommend that teachers 
address students’ misconceptions. 
However, a review of the literature 
on lunar concepts shows that students 
across a wide range of ages and grade 
levels, including preservice teachers, 
have difficulty understanding the lunar 
concepts (Saçkes & Trundle, 2007), 
and they also have a limited knowl-
edge of rocks and soil (Schoon, 1995; 
Trundle et al., 2005; Ucar et al., 2006).

Understanding lunar concepts and 
rocks and soil concepts are part of 
scientific literacy and are targeted 
concepts in the National Science 
Education Standards (NRC, 1996) 
(e.g., patterns of observable moon 
shape changes and properties of earth 
materials for grades K-4). Although 
young children are not expected to 
understand more sophisticated con-
cepts that follow in the middle grades 
like cause of the lunar phases and 
how rocks and soils form, preservice 
and inservice early childhood teach-
ers who themselves hold alternative 
conceptions about these concepts can 
present a serious problem for instruc-
tion. Teachers’ alternative conceptions 

may hinder their presentations of basic 
concepts that lead to the understand-
ing of the cause of the lunar phases 
and the formation of earth materials. If 
elementary and early childhood teach-
ers are expected to teach their students 
about the foundational concepts of 
earth materials and lunar concepts, 
it is reasonable to expect teachers to 
have a scientific understanding which 
extends well beyond what they are 
expected to teach. Thus, targeting 
inservice teachers’ content knowledge 
of these concepts makes logical pro-
fessional sense. The Atlas of Scientific 
Literacy (American Association for 
the Advancement of Science [AAAS], 
2001) suggests that basic concepts 
(e.g., the appearance of the moon 
changes every day, the moon can 
be observed sometimes at night and 
sometimes during the day, and objects 
in the sky appear to move slowly) 
lay the foundation for understand-
ing more advanced concepts in later 
grades (e.g., the moon’s orbit around 
the earth and the cause of the moon 
phases). Likewise, children’s observa-
tions of properties of different types 
of rocks and soils lay a foundation for 
their understanding of more advanced 
earth science concepts, such as the 
formation of rocks and soils, weather-
ing, and erosion. Without instruction 
to help inservice teachers develop a 
scientific understanding of basic con-
cepts of rocks, soils, and the moon, 
the potential exists that they will not 
recognize misconceptions their stu-
dents have about those basic concepts 
and they may mislead students in the 
early childhood grades of PreK to 
grade two. Improving teachers’ con-
tent knowledge may enhance their 
attitude toward and confidence about 
teaching science and improve their 
science teaching practices (Jarvis & 
Pell, 2004; Luera et al., 2005; Schoon 
& Boone 1998).

The present study is based on con-
ceptual change theory, which pos-
its that learners come into science 

classes with preconceptions, which 
may include misconceptions (Duit & 
Treagust, 1995; Vosniadou, 1994). 
Research studies, which documented 
alternative conceptions of learners in 
various domains, revealed that alter-
native conceptions are often pervasive 
and resistant to change through tra-
ditional forms of instruction (Driver, 
Guesne, & Tiberghien, 1985; Gilbert 
& Watts, 1983). For many researchers 
this resistance to change is due to alter-
native conceptions being embedded 
in organized cognitive structures and 
reinforced by everyday experiences 
(Vosniadou, 1994, 2002). The current 
study is based on the model of frame-
work theorists who define conceptual 
change as the gradual modification of 
existing mental models (Vosniadou, 
1991; 1994; Vosniadou & Brewer, 
1992). “Mental models are analog 
representations that preserve the 
structure of the thing they represent” 
(Vosniaodu, 2002, p.356). Mental 
models can aid in the construction of 
an explanation and work as mediators 
in the interpretation and acquisition 
of new information. Through instruc-
tion learners’ initial mental models are 
transformed into synthetic models or 
scientific models.

Mental models are constructed based 
on the specific theory, which includes 
“a set of interrelated propositions or 
beliefs that describe the properties 
and behavior of physical objects” 
(Vosniadou, 1994, p.47). Specific 
theories that include foundational con-
cepts of astronomy and earth materials 
would facilitate children’s learning of 
more advanced concepts and their con-
struction of scientific mental models 
in upper grades. Teachers with solid 
scientific content knowledge might be 
more likely to help children develop-
ing specific theories that facilitate their 
understanding of more advanced sci-
entific concepts. 

The current study utilizes a profes-
sional development context designed 
to improve inservice teachers’ content 
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knowledge of targeted earth and space 
science concepts and to address the 
misconceptions they may have, hope-
fully increasing the likelihood of 
teachers detecting and targeting their 
students’ misconceptions in the future.

Purpose
The purpose of this study was to 

investigate the effects of a teacher insti-
tute on inservice PreK to Grade two 
teachers’ knowledge of earth and space 
science concepts (rocks, soils, lunar 
concepts) they are expected to teach. 
While previous studies have focused 
mostly on preservice teachers, studies 
that focused on inservice teachers tar-
geted teachers of upper grades with a 
relatively longer-term instruction than 
the current study (Trundle et al., 2005; 
Parker & Heywood, 1998). The pres-
ent study aimed to improve inservice 
early childhood teachers’ knowledge 
of earth and space science concepts 
they are expected to teach through an 
intervention that lasted only four days.

Methodology
Design.
A one-group pre-test-post-test design 

was used in the current study (Cook & 
Campbell, 1979). Participants were 
tested before and immediately after 
the instruction. There was no control 
group in the study due to the nature of 
the study setting.

Setting.
The research took place in a 

teacher institute, which was a collab-
orative effort between the College of 
Education, the College of the Arts and 
Sciences, and the State Department of 
Education. Participants were enrolled 
in an institute that aimed to enhance 
PreK through grade two teachers’ 
knowledge of science and mathemat-
ics content for their grade levels. Earth 
science concepts targeted during the 
institute included properties of rocks 
and soils. The earth science instruc-
tion took place over two days, with 
six hours each day being devoted to 

instruction with a total of 12 hours of 
instruction. The space science concepts 
targeted during the institute included 
moon shapes and sequences and the 
cause of moon phases. The space sci-
ence instruction took place over one 
and a half days, at six hours per day 
for a total of nine hours of instruction, 
which involved the teachers gather-
ing and analyzing observational moon 
data.

Instruction in pedagogy focused on 
inquiry-based instruction and hands-
on learning. The instruction on earth 
science concepts targeted properties of 
rocks and soils and consisted of three 
parts: identifying and describing com-
mon minerals and rocks, properties of 
soils, and common fossils. Rocks and 
minerals sets were distributed to the par-
ticipants, and participants were asked 
to explore and describe properties of 
different rocks and minerals. The dis-
tinctions between rocks and minerals 
were discussed and properties of rocks 
and minerals were explored in small 
groups. Participants keep a geology 
laboratory notebook and recorded the 
properties of rocks and minerals they 
observed. Differences and similarities 
between the properties scientists use to 
distinguish and identify rocks and the 
properties participants proposed were 
compared and discussed. Participants 

were asked to bring soil samples to 
the class. Three types of soil samples 
were also provided to participants in 
the class. Participants explored the soil 
samples and recorded their observa-
tions. Properties of soil and similarities 
and differences between different soil 
samples were discussed. An optional 
field trip was made to a local fossil site. 
Participants collected fossil samples 
and recorded their observation of the 
fossil site in their geology laboratory 
notebook. Additional fossil samples 
were provided to participants in the 
class. The formation of fossils and the 
information they present to scientists 
was discussed. Teachers used the fos-
sils to interpret changes in the environ-
ment. A summary of the earth science 
instructional activities can be found in  
Table 1.

The instruction that targeted lunar 
concepts integrated the Starry Night 
Backyard software with instruction on 
moon phases from Physics by Inquiry 
by McDermott (1996). Starry Night 
Backyard was used in several studies 
to support conceptual change learn-
ing including studies with preservice 
teachers (Bell & Trundle, 2008) and 
children in lower elementary grades 
(Hobson, Trundle, & Saçkes, 2009). 
These studies showed that even chil-
dren in lower elementary grades can 

Targeted Concepts Summary of Activities

Identifying and 
describing common 
minerals and rocks

1. Explore rocks and minerals set.
2. Describe properties of rocks and minerals.
3. Record observations of rocks and minerals.
4. Identify the similarities and difference between different rocks and 

minerals.
5. Recognize the properties scientists use to identify and distinguish 

rocks and minerals.

Identifying and 
describing properties 
of soils

1. Explore soil samples.
2. Describe properties of different soil types.
3. Record observable properties of soil samples.
4. Identify the similarities and difference between different soil 

samples.
5. Recognize the properties scientists use to identify and distinguish 

soils.
Identifying, describing, 
and interpreting 
common fossils

1. Collect fossil samples from a local fossil site.
2. Identify common fossils using tools.
3. Interpret environmental changes based on the fossil record. 

Table 1. Summary of Instructional Activities for Earth Science
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use the software independently to col-
lect moon data (Hobson et al., 2009). 
The instruction was identical to that 
of previous investigations (Trundle, 
Atwood, & Christopher, 2002, 2006, 
2007a, b, 2010) with a few minor dif-
ferences. Inservice teachers’ moon 
observations were collected from the 
Starry Night Backyard software rather 
than actual observations of the moon 
and the instruction took place over 
one and a half days with a total of nine 
hours rather than being spread out over 
a four week period. The instruction 
consisted of three parts: (1) gathering, 
recording, and sharing moon data, (2) 
analyzing moon data by looking for 
patterns in the data, and (3) modeling 
the cause of moon phases. A summary 
of the instructional activities can be 
found in Table 2.

Data from the teachers were gathered 
during the first week of the summer 

institute, which comprised the earth 
and space science part of the institute.

Participants.
Twenty-five inservice early child-

hood education teachers employed in 
four central Ohio school districts were 
the participants of the study. All par-
ticipants were female. The majority 
was White (84%) and four participants 
(16%) were Black. Most were regular 
classroom teachers (88%) and the oth-
ers were special education, resource, 
or inclusion teachers (12%). All of the 
participants taught PreK through grade 
two. Thirty-six percent of the teachers 
had less than six years of experience 
as a classroom teacher, including three 
teachers (12%) who had less than three 
years of experience. Sixty-four per-
cent had six or more years of teaching 
experience. All of the participants of 
the summer institute gave their con-
sent to participate in the study.

Researchers.
The three members of the research 

team included a science educator and 
a geologist who worked together to 
design and teach the earth and space 
science part of the institute. The third 
member was a doctoral student in 
early childhood science education. The 
geologist provided the instruction for 
the earth science concepts, and the sci-
ence educator conducted the instruc-
tion for the space science concepts. All 
team members gathered, coded, and 
analyzed all data. 

Data collection and analysis.
The Geology Content Knowledge 

Assessment (GCKA) was used to mea-
sure participants’ knowledge of the 
earth science concepts. The GCKA is 
comprised of 56 multiple choice and 
short answer questions developed to 
measure teachers’ knowledge of the 

Table 2. Summary of Instructional Activities for Space Science*

* Bell & Trundle (2008). Journal of Research in Science Teaching.

Targeted Concepts Summary of Activities

Identifying observable patterns

1. Identify and describe patterns.
2. Describe rate of change (i.e., gradual or abrupt).
3. Draw an observed sequence of moon shapes.
4. Identify when the sky was clear but the moon could not be observed.

Determining the length of the cycle

1. Number data from day 1 to day 63.
2. Select a distinctive shape.
3. List the number of the day that the shape first appeared.
4. List the number of the second and third days when the shape reappeared.
5. Repeat with 3 additional shapes.
6. Estimate how much time passed before each shape reappeared.

Sequencing the observed shapes 1. Sequence a series of drawings of 8 representative phases in the pattern observed.

Applying new concepts and scientific 
labels

1. Use the scientific term “new moon” to describe when the moon could not be observed during the 
moon cycle.

2. Use the scientific term “synodic period” to describe the time interval from new moon to full moon 
and back to new moon.

3. Apply scientific labels (e.g., waxing gibbous) to each shape.

Modeling the cause of moon phases

1. Participate in a psychomotor modeling activity by first darkening a room.
2. Place a bright, exposed light bulb at eye level to represent the sun.
3. Use a Styrofoam ball as a model for the moon.
4. Hold the ball in front of body at arm’s length.
5. The student’s head is the earth.
6. Move the ball around their heads.
7. Note the appearance of the lit portion of the ball.
8. Determine how much of the moon is lit at any one time
9. Use the models to reproduce all the phases in the order they were observed.
10. Write and orally explain their understandings of the causes of moon phases.
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standards-based concepts they are 
expected to teach. A panel of experts 
consisting of two science educators, a 
geologist, and several science educa-
tion graduate students established con-
tent validity of the GCKA. Coefficient 
of stability was .81 (Beifuss, Krissek, 
Boone, Trundle, White, & Ucar, 2005). 
In the current study 13 items from 
the GCKA that correspond to the tar-
geted earth science concepts included 
in the institute were used to measure 
participants’ knowledge of the stan-
dards-based concepts. The GCKA was 
administered before and immediately 
after the instruction. It took approxi-
mately ten minutes to complete the 
instrument in both administrations. 
Internal reliability of the GCKA in this 
study, Cronbach’s alpha, was .58. This 
low reliability of the measure might be 
due to lower number of items (Hatcher 
& Stepanski, 1994; Kehoe, 1997). 

The Earth Science Survey (Ucar et 
al., 2006) was given to participants 
to reveal what the teachers knew 
about the properties of rocks and soil, 
whether they had taught these concepts 
before, and their plans to teach them 
in the future. The survey consisted of 
eight open-ended questions and was 
administered before and immediately 
after instruction.

The Lunar Phases Concept Inventory 
(LPCI) was used to measure partici-
pants’ knowledge of the lunar con-
cepts. The LPCI is a multiple-choice 
instrument developed to assess college 
students’ knowledge of lunar phases 
(Lindell, 2001). The distracters of each 
item were based on common miscon-
ceptions described in the lunar litera-
ture. The LPCI’s content validity was 
established by a panel of six experts 
consisting of two physics educators, 
two astronomers, and two astronomy 
educators. Internal reliability of the 
LPCI was .54. In another study inter-
nal reliability was reported as .55 for 
the pre-test measure and .75 for the 
post-test measure (Lindell & Olsen 
2002). In the present study, 13 items 

from the LPCI that corresponded to 
the targeted lunar concepts in the insti-
tute were used to measure participants’ 
knowledge of the standards-based 
concepts. The internal reliability coef-
ficient of LPCI, Cronbach’s alpha, was 
.64 in the current study. The LPCI was 
administered before and immediately 
after the instruction. It took approxi-
mately ten to 15 minutes to complete 
the instrument in both administrations.

Participants also were asked to 
draw the phases of the moon and the 
observed sequence before and after 
instruction. The Moon Drawing test, 
developed by Trundle and colleagues 
(2006), included three tasks: 1) predict 
and draw the appearance of all moon 
shapes or phases they would observe; 
2) predict if different moon phases 
appear in a recurring sequence; and 
3) draw the phases in the patterns they 
expect to observe them. The same tasks 
were used in both the pre- and post-test 
drawings with only minor changes in 
post-test prompts, which referred to 
the observations participants had made 
during the instruction.

To determine the effectiveness of 
the short-term instruction on inser-
vice teachers’ knowledge of earth sci-
ence concepts and the lunar concepts, 
statistical comparisons were made of 
both participants’ individual pre-test 
and post-test scores using the paired 
sample t-test statistic. Participants’ 
responses to Earth Science Survey 
questions were examined to reveal 
their understanding of the properties 
of rocks and soils and whether they 
intended to teach these concepts and 
how they were planning to teach them. 
Participants’ responses to individual 
GCKA and LPCI items were also 
analyzed to gain deeper understand-
ing of shifts in content knowledge. To 
determine participants’ knowledge of 
observable moon phases and the pattern 
of change in phases the pre- and post-
test drawings made by the participants 
were coded and analyzed using a cod-
ing sheet based on previous research 

(Trundle et al., 2006). A member of 
the research team analyzed and coded 
all drawings. Another member of the 
research team also analyzed 30% of 
randomly chosen drawings to establish 
inter-rater reliability. Inter-rater agree-
ments between the two codings were 
85% for the pre-test drawings and 97% 
for the post-test drawings.

Findings
GCKA and LPCI results.
Participants’ pre- and post-test 

scores obtained from the GCKA were 
analyzed to see if there was a signifi-
cant difference between the post-test 
scores compared to pre-test scores. 
The paired-sample t-test analysis 
indicated that for the 25 participants, 
the mean score on the post-test (

� 

x 
=9.28, sd=2.07) was significantly 
higher (t(24)=5.506, p<.001) than the 
mean score on the pre-test (

� 

x =6.88, 
sd=2.22). Researchers suggest report-
ing effect size indices as it enhances the 
interpretation of the results of the sta-
tistical analysis (Rosnow & Rosenthal, 
1996). The effect size indices assess the 
magnitude of the treatment effect and 
are calculated by dividing the differ-
ence of the group means by the pooled 
standard deviation. Cohen’s (1988) 
d, one of the most popular effect size 
indices, is calculated and reported for 
all the parametric statistical analysis in 
this study. Cohen suggested that effect 
size of d=0.2 should be considered as 
low effect, d=0.5 should be considered 
as medium effect and d=0.8 or higher 
should be considered as large effect. 
For the analysis of GCKA scores the 
effect size was medium, d=0.52, sug-
gesting instruction had a moderate 
impact on the participants’ GCKA 
scores.

Participants’ pre- and post-test 
scores obtained through LPCI were 
analyzed to see if there was a signifi-
cant increase in the post-test scores 
compared to the pre-test score. The 
paired-samples t-test analysis indi-
cated that for the 25 participants, 
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the mean score on the post-test (

� 

x 
=10.40, sd=1.936) was significantly 
higher (t(24)= 9.927, p<.001) than 
the mean score on the pre-test (

� 

x 
=6.24, sd=2.278). The effect size was 
impressively large, d=1.97, suggesting 
instruction had a very large impact on 
participants’ LPCI scores. 

Analysis of the earth science 
survey.

Figure 1 shows the properties of 
rocks indicated by the participants on 
the earth science survey before and 
after the instruction. Participants indi-
cated a wide range of distinct proper-
ties of rocks in the pre-test, including 
some that are distinctly non-scientific 
(e.g., size and shape). Eight partici-
pants indicated “no understanding” 
of the distinct properties of rocks. 
The most commonly indicated prop-
erties of rocks were “hardness” (ten 
responses), “texture” (11) and “color” 
(12) in the pre-test. 

In the post-test, all participants men-
tioned at least one property of rocks. 
The most commonly indicated prop-
erties of rocks were “hardness” (nine 
responses), “mineral content” (ten), 
“texture” (16), “color” (18), “origin” 
(15), and “layering” (seven) in the 
post-test.

The mean numbers of properties of 
rocks indicated by the participants on 
the pre- and post-test were compared to 
see if there is a difference in the num-
ber of properties indicated between the 
pre- and post-test. The paired-sample 
t-test analysis showed that for the 
25 participants, the mean number of 
properties of rocks indicated by the 
participants on the post-test (

� 

x =3.92, 
sd=1.85) was significantly higher 
(t(24)=2.41, p<.05) than the mean 
number of properties indicated on the 
pre-test (

� 

x =2.64, sd=2.01). The effect 
size was medium, d=0.66, indicating 
the instruction moderately influenced 
the participants’ knowledge of the 
properties of rocks.

Figure 2 shows the properties of 
soil indicated by the participants on 
the earth science survey before and 
after the instruction. Participants indi-
cated a wide range of distinct proper-
ties of soil in the pre-test, including 
some that are distinctly non-scientific 
(e.g., weight? and mass?). Seven par-
ticipants indicated “no understanding” 
of the distinct properties of soil. The 
most commonly indicated properties 
of soil were “texture” (four responses), 
“where it is found” (four), “what 
makes up soil” (six), “support plant 
life” (four) and “types of soil” (six) in 
the pre-test.

In the post-test, all participants men-
tioned at least one property of soil. The 
most commonly indicated properties 
of soil were “texture” (14 responses), 
“porosity” (13), “smell” (six), “color” 
(16), “grain size” (eight), “hardness” 
(seven), “what makes up soil” (11) and 
“types of soil” (six) in the post-test. 

The mean numbers of properties of 
soil indicated by the participants on the 
pre- and post-test were compared to see 
if there is a difference in the number of 
properties indicated between the pre- 
and post-test. The paired-sample t-test 
analysis showed that for the 25 partici-
pants, the mean number of properties 
of rocks indicated by the participants 
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Figure 1. Properties of rocks indicated by the participants on the earth science survey.
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Figure 2. Properties of soil indicated by the participants on the earth science survey.
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on the post-test (

� 

x =3.88, sd=1.62) 
was significantly higher (t(24)= 6.03, 
p<.001) than the mean number of 
properties indicated on the pre-test (

� 

x =1.44, sd=1.19). The effect size was 
quite large, d=1.72, suggesting instruc-
tional intervention had a high impact 
on the participants’ knowledge of the 
properties of soil.

Participants also indicated whether 
they had taught about the properties of 
rocks and soil before, and their plans to 
teach about them in the future. Before 
the instruction nine participants indi-
cated that they taught about the proper-
ties of rocks before. While the number 
of participants who indicated that they 
were planning to teach about the 
properties of rocks in future was nine 
before the instruction, 19 participants 
indicated that they were going to teach 
about the properties of rocks in their 
classroom after the instruction. Six 
teachers indicated that they were plan-
ning to use an inquiry-based approach 
to teach about the properties of rocks 
before the instruction. The number of 
teacher who planned to use an inquiry 
based approach to teach about proper-
ties of rocks increased to 15.

Before the instruction five partici-
pants indicated that they taught about 
the properties of soil before. While the 
number of participants who indicated 
that they were planning to teach about 
the properties of soil in future was 21 
before the instruction, all of the partic-
ipants indicated that they were going 
to teach about the properties of soil 
in their classroom after the instruc-
tion. Six teachers indicated that they 
were planning to use an inquiry-based 
approach to teach about the proper-
ties of soil before the instruction. The 
number of teacher who planned to use 
inquiry based approach to teach about 
properties of soil increased to 12.

Analysis of the GCKA and LPCI 
items.

Figure 3 shows the number of cor-
rect response for each item for GCKA 

before and after the instruction. A 
deeper analysis of the GCKA items 
showed that before the instruction item 
number two, eight, 12 and 13 had the 
least number of correct responses. Item 
two deals with fossils, specifically the 
earth’s oldest fossils. Item eight deals 
with types of rocks and asks to identify 
what types of rocks are the ice in an 
ice cube and ice in a glacier. Item 12 
deals with the properties of rocks and 
asks what the term “cleavage” is used 
to identify. Item 13 deals with rock for-
mation and asks the type of the rocks 
that is most likely to have formed by 
accumulating fossil shells. After the 
instruction, the number of correct 
responses increased for almost all the 
items, except for item two and with a 
minor decrease for item three. Twenty-
three participants mistakenly chose 
“marine invertebrates” as the response 
for item two where the correct response 
was “bacteria.” “Marine invertebrates” 
was the correct response for item four, 
which also deals with fossils and was 
answered correctly by all participants. 
The decrease in the number of correct 
response in item two in post-test might 
have been due to participants confus-
ing these two items.

Figure 4, on the next page, shows 
the number of correct responses for 
each item for LPCI before and after 
the instruction. A deeper analysis of 
the LPCI items showed that before the 
instruction only six items (one, four, 
six, seven, eight, and 11) were cor-
rectly answered by more than half of 
the participants. These items deal with 
the time and orbit (one, four, seven, 
and 11) and shape and sequence (six 
and eight). Participants had difficulty 
with items that deal with time and orbit 
(two), shape and sequence (five, nine 
and ten) and cause of the moon phases 
(three, 12 and 13). 

In general, participants were less 
successful on the LPCI than the 
GCKA in the pre-test. The cause of 
the moon phases was the least under-
stood concept by the participants in 
the pre-test. All of the items that dealt 
with the cause of the moon phases 
were correctly answered by less than 
half of the participants in the pre-test. 
Participants generally chose alterna-
tive explanations over a scientific 
explanation for the cause of the moon 
phases. For example, 56% of the par-
ticipants for the item three, 60% of 
the participants for the item 12, and 
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Figure 3. Participants’ responses to the individual GCKA items.
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64% of the participants for the item 13 
chose the eclipse model (the shadow 
of the Earth causes the moon phases) 
for the cause of the moon phases in the 
pre-test. These results are aligned with 
the lunar literature, which indicates 
that the cause of the moon phases is 
one of the scientific concepts learners 
have more difficulty with understand-
ing, and the eclipse model is the most 
common alternative conception learn-
ers are likely to have.

After the instruction, almost all of 
the items were correctly answered 
by more than half of the participants, 
with the exception of item five, which 
asks the phase of the moon during 
solar eclipse. Other items that deal 
with shape and sequence concepts 
were correctly answered by more than 
three-fourths of the participants in the 
post-test. Of the items that deal with 
time and orbit, two were answered 

by the all of the participants (one and 
two) and the remaining were answered 
by more than three-fourths of the par-
ticipants in the post-test (four, seven 
and 11). In contrast to pre-test, items 
dealing with cause of the moon phases 
were correctly answered by more than 
three-fourths of the participants (three 
and 13), with the exception of item 12. 
Almost half of the participants chose 
alternative explanation over scien-
tific explanation for the cause of the 
moon phases in item 12. Again eclipse 
model was the most popular alterna-
tive explanation among the partici-
pants who failed to choose scientific 
explanation for the cause of the moon 
phases. Cross examination of the those 
participants who chose alternative 
explanation for item 12 in post-test 
revealed that four participants consis-
tently chose the eclipse model for other 
items that deal with the cause of the 

moon phases in both the pre-test and 
the post-test. It appears that instruction 
had little impact on transforming those 
four participants’ initial mental models 
of the cause of the moon phases.

Analysis of the moon drawings.
Before instruction, almost all of 

the participants (96%) included alter-
native, non-scientific shapes in their 
moon drawings and drew moon phase 
sequences that are non-scientific 
(Table 3). Only one participant drew 
scientific moon phases and sequences 
(4%). After instruction, a major-
ity of the participants drew scientific 
moon phases (68%), and moon phase 
sequences (68%). Over half of the par-
ticipants were able to draw both sci-
entific phases and scientific sequences 
(52%).

A nonparametric statistical test, the 
McNemar test for two related samples, 
was used to examine the numbers of 
participants who shifted in content 
knowledge from nonscientific or sci-
entific drawings from pre- to the post-
test drawing. Results indicated that 
significantly more participants shifted 
from drawing nonscientific shapes 
on the pre-test to drawing scientific 
shapes on the post-test (p<.001). 
Results for the sequences were similar 
in that significantly more participants 
shifted from drawing alternative wax-
ing and waning sequences on the pre-
test to drawing scientific sequences on 
the post-test (p<.001). Also, signifi-
cantly more participants shifted from 
drawing both nonscientific shapes and 
sequences on the pre-test to drawing 
both scientific shapes and sequences 
after instruction (p=.001).

Discussion
The present study sought to investi-

gate inservice early childhood teach-
ers’ knowledge of earth materials and 
lunar concepts including properties of 
rocks and soils, the cause of the moon 
phases and patterns of moon shapes 
and sequences. After the instruction, 
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Figure 4. Participants’ responses to the individual LPCI items.

Participants’ drawings consisted of: Pre-test Post-test Gain
(Post-test-Pre-test)

Scientific moon phases 4% 68% 64%

Scientific waning and waxing sequences 4% 68% 64%

Scientific phases and sequences 4% 52% 48%

Table 3. Gains from Pre-test to Post-test for Drawings of Shapes and Sequences
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participants not only understood the 
lunar concepts but also were able to 
draw more scientific representations 
of observable moon phases and the 
pattern of changes in phases. After 
the instruction, the participants’ con-
tent knowledge of rocks and soils also 
increased; they were able to indicate 
more properties of rocks and soils, and 
they included more scientifically accu-
rate responses. Teachers must help 
children develop accurate conceptions 
of foundational concepts related to 
earth materials and objects in the sky 
like the moon in order to facilitate chil-
dren’s learning of more advanced con-
cepts in later grades like the cause of 
the lunar phases and the formation of 
rocks and soils. Thus, it is critical that 
teachers understand the basic concepts 
and related phenomena themselves. In 
other words, teachers need to know 
more content than they are expected 
to teach. Teachers’ understandings of 
advanced earth and space science con-
cepts may allow them to see connec-
tions between foundational concepts 
they are expected to teach in lower ele-
mentary grades and the concepts their 
students will learn in upper elementary 
grades and beyond (AAAS, 2001).

The results of the current study indi-
cate that even a short-term professional 
development that addressed earth 
materials and lunar concepts seemed to 
enhance inservice teachers’ knowledge 
of these concepts. Professional devel-
opment opportunities that improve 
inservice early childhood teachers’ 
science content knowledge, like the 
one reported here, offer the promise to 
eliminate one of the obstacles that can 
impede early childhood teachers teach-
ing of at early grades. Indeed, while the 
number of participants who indicated 
that they are planning to teach about 
the properties of rocks and soil in the 
future was nine and 21 respectively 
before the instruction, 19 participants 
indicated that they are going to teach 
about the properties of rocks and all 
of the participants indicated that they 

are going to teach about the proper-
ties of soil in their classroom after the 
instruction.

Improved content knowledge may 
also help teachers to identify and chal-
lenge their students’ preconceived 
ideas or misconceptions (Smith & 
Neale, 1989), and develop inquiry-
based lessons to address those mis-
conceptions (Luera, et al., 2005). Six 
teachers indicated that they were plan-
ning to use an inquiry-based approach 
to teach about the properties of rocks 
and soil before the instruction. The 
number of teacher who planned to use 
an inquiry-based approach to teach 
about properties of rocks and soils 
increased to 15 and 12 respectively.

We compared the result of the pres-
ent study with the results of previ-
ous studies on preservice teachers’ 
knowledge of lunar concepts (Bell & 
Trundle, 2008; Trundle et al., 2002, 
2006, 2007a). In the present study, the 
gains in knowledge from pre- to post-
instruction are very positive although 
they are slightly lower than the gains 
reported in previous studies. This dif-
ference may be due to the limited time 
(1.5 days) devoted to the instruction in 
the current study. Although the gains 
in content knowledge are slightly 
lower in the current study compared to 
the gains obtained in the studies where 
long-term instructional interventions 
were implemented, our results are still 
impressive given the relatively short 
amount of time devoted to the instruc-
tion. These results are encouraging 
given that many teacher institutes are 
limited by the amount of time teach-
ers are available for instruction. Our 
results suggest that short-term instruc-
tion could be a good trade off consid-
ering the time versus gain ratio.

There are several limitations of the 
current study. Participants self-selected 
to participate in the teacher insti-
tute. Results might have been differ-
ent if the participants were randomly 
selected to participate. If an institute 
could consist of inservice teachers 

who did not volunteer to participate 
but who were required to complete the 
professional development, the results 
obtained in this study might not be 
replicated. To measure participants’ 
content knowledge, multiple-choice 
instruments were used in the current 
study. Previous studies have shown 
that multiple-choice instruments tend 
to overestimate participants’ concep-
tual understanding (Trundle et al., 
2002, 2010). Semi-structured inter-
views might have produced differ-
ent results. The present study did not 
have a control group due to nature of 
the study setting and time constraints. 
Therefore, we had no means to con-
trol confounding variables such as 
testing effect. Future studies should 
use a research design with a control 
group and randomly selected partici-
pants if possible. Future studies might 
use a shortened version of the semi-
structured interview protocol used 
in previous studies to measure par-
ticipants’ conceptual understanding of 
lunar concepts (Trundle et al., 2002, 
2007a). This study provided strong 
evidence that short-term instruction 
had a moderate to very large effect on 
inservice teachers’ content knowledge 
of rocks and soils, and lunar concepts. 
Future studies should include delayed-
post measure in their design to assess 
the durability of the gains in content 
knowledge.

The study of earth and space science 
has increased in importance as reflected 
in recent versions of national and state 
science standards. The teacher insti-
tute described in this study sought to 
provide opportunities for teachers to 
improve their standards-based content 
knowledge and skills for teaching earth 
and space science content. In order for 
teachers to help students develop accu-
rate conceptions about the earth mate-
rials and lunar concepts, it is critical 
that they understand the phenomena 
themselves. Documenting their under-
standing and evaluating instructional 
strategies to address early childhood 
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teachers’ content knowledge can help 
inform the practice of science teacher 
educators and scientists who work 
with inservice and presevice teachers. 
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