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ABSTRACT

This research explores the relationship between curriculum and teachers’ knowledge and
beliefs about teaching. Using a quasi-experimental design, the effectiveness of Great
Exploration in Math and Science (GEMS) Space Science Curriculum Sequence was
compared with the effectiveness of more traditional curriculum in supporting 4™ and 5™
grade teachers’ learning of space science as well as their knowledge and beliefs
associated with the teaching of science. GEMS employs an inductive approach to content
(learning cycle), explicit use of evidence, and attention to scientific inquiry.
Randomization occurred at the level of the teacher assignment to treatment group (not at
the student level). The sample included 32 treatment and 29 control teachers. Our
findings suggest that reform-based curricula combined with professional development
around the curricula can be effective in shaping teachers’ content knowledge and beliefs
about teaching. The GEMS materials were more effective in supporting the professional
development of teachers who had more to learn (i.e., teachers with lower self efficacy
and teachers with lower outcome expectancy at the outset), and the effect of the use of
GEMS lessened for teachers who had high self efficacy and outcome expectancy at the
outset of the study.
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Learning about Space Science: Comparing the efficacy of reform based teaching
with a traditional/verifications approach

Introduction

Increasingly there are calls for science classroom practice to be situated in the
central tenets of reform-based teaching practices (e.g., AAAS, 1996; Duschl,
Schweingruber, & Shouse, 2007; Glenn Commission, 2000; National Academy of
Sciences, 2007; NRC, 1996; National Science Board, 2006). Recent studies on learning
science emphasize three key areas critical to student success: (1) understanding the
discipline’s core concepts, theories, and models; (2) understanding, in general, how
scientific knowledge is generated, tested, and accepted; and (3) using the first two to
extend understanding into new areas. Research suggests that in order for students to
come to understand scientific concepts, be able to apply the concepts, and understand
how science is done, their learning of science should in some ways echo the way science
is conducted by scientists (e.g., Bybee, 1997; Chinn et al., 2002; Duschl et al., 2007;
Flick, 2003).

The findings of science education research and the central features of the national
reform efforts have been applied to produce promising, well-designed instructional
materials that have undergone years of development, field-testing, and revision (e.g.,
Great Explorations in Math and Science, Insights and Outcomes, Full Option Science
Systems, Math Connections, Connected Mathematics Project, BSCS). However, despite
extensive efforts to precipitate educational change using such materials, classroom
practices remain largely unaffected. One of the reasons for this lack of use of these
materials has to do with teachers’ reticence to use these methods in the face of
accountability pressures (Abrams Southerland, & Evans, 2007) as teachers remain
unconvinced that reform-based practices (e.g., levels of inquiry, learning cycle, writing to
learn) are successful in helping students learn science concepts (Settlage & Blanchard,
2007; Settlage & Meadows, 2002). Teacher reticence is also based, in part, on their
discomfort with and/or lack of knowledge about the content itself (including the nature of
science and the processes of science that produce the knowledge), the teaching practices
recommended by current research, and the pedagogical content knowledge to enact both
(content and practices) in the classroom (Yore et al., 2007). Reform-minded teaching
places many demands on teachers, making it hard to implement without well-designed
curricula and professional development to support teachers as they change their
classroom practice (e.g., Blanchard, Southerland & Granger, 2009; Crawford, 2000,
2007; Luft, 2007; Windschitl, 2004).

One of the central findings of the analysis of past reform efforts is that teachers’
personal characteristics are very influential in shaping their enactment of reform-based
practices (Gess-Newsome et al., 2003). Such characteristics as teacher content
knowledge, self efficacy, interest or attitude, views on inquiry learning, self confidence,
self doubt, and outcome expectancy have been found to shape science teaching practice
(e.g., Ashton & Webb, 1986; Bandura, 1977; Cronin-Jones, 1991; Krajcik et al., 1994;
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Rice & Roychoudhury, 2003; Ross, 1992; Settlage et al., 2008; Tschannen-Moran et al.,
1998; Woolfolk et al., 1990; Wheatley, 2002).

Crawford (2000) describes that teachers’ content knowledge, pedagogical content
knowledge, and theoretical knowledge must act together in order to enact the features of
science education reform—a tall bill to fill given the day-to-day pressures of present day
teaching. Further, this amalgam of teacher knowledge that Crawford describes must be
enacted in the context of a classroom and school in order for the practices of reform to be
realized (Gess-Newsome et al., 2003; Yore et al., 2007). One central feature of this
context is the curricula teachers have available and are expected to employ. In our work
with teachers, they often request reformed-based curricula that are readily implementable
to help them progress along the continuum toward reform-based practices in the teaching
of science (just as has been found productive in mathematics) (e.g., LaChance, 2004;
Schneider et al., 2005).

The construct of teacher professional development hinges on concrete classroom
applications of general ideas; it involves opportunities for actual practice rather than mere
descriptions of practice. Although observation, critique, reflection, group support and
collaboration, and evaluation and feedback from skilled practitioners (e.g., professional
developers, university faculty, science coaches) do help if the practitioners have a wealth
of experience in teaching, teacher development ultimately depends on opportunities for
actual classroom practice (Elmore & Burney, 1997; Sadler, 2006). Throughout the
literature, teachers’ professional development has been understood as a key component of
the implementation of educational reform (Southerland et al., 2007; Yager, 1992).
However, the current reform efforts are undermined by unrealistic expectations from
teachers who do have a wealth of classroom practice and find it difficult to change their
practices. For example, McIntyre and Hagger (1992) state:

Development takes what is there as a valuable starting point, not as something to
be replaced, but a useful platform on which to build. To do so is to recognize not
only that teachers do have valuable existing expertise but also that, if teachers are
forced to choose, they will usually revert to their secure established ways of doing
things. The metaphor of ‘building on what is already there’ is not, however,
satisfactory because it suggests adding on something separate to what is there;
something extra on top. The concept of development, in contrast, implies that
whatever is added, whatever is new, will be integrated with what is there already,
and will indeed grow from what is there. (p. 271)

At the center of the discussions about effective professional development opportunities
for teachers, Feldman et al. (2009) proposed that there is a critical need for the science
education community to provide such opportunities for science teachers to enhance their
practices in a way that is mindful of science education reform. They further suggest
revisiting existing professional development opportunities to refine their structure so as to
meet practicing teachers’ abilities and needs. We argue that one notion helpful in this
regard is to help teachers enact reform-based practices through reform-oriented curricular
materials in combination with professional development.
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This study follows a host of others (Blanchard et al., 2009; Gess-Newsome et al.,
2003; Smith, 2005; Smith & Southerland, 2007) that investigate the interaction of context
and practice with teachers’ knowledge and beliefs about science teaching. The facet of
context that we emphasize is the combination of professional development and reform-
based curricula. A goal of this research is to study, through a randomized, quasi-
experimental design, the influence of both professional development and the enactment
of reform-based science curricula on fourth- and fifth-grade science teachers’ knowledge
and beliefs about space science and the teaching and learning of science.

The new GEMS Space Science Curriculum Sequence (hereafter referred to as
GEMS SSCS) for grades 3-5 (Lawrence Hall of Science, 2007) was chosen for this study
because it embodies many of the qualities of the reform-based approach to science
teaching as described in the National Science Education Standards (NRC, 1996), Inquiry
and the National Science Education Standards (NRC, 2000), Taking Science to School
(Duschl, et al., 2007), and Ready, Set, Science (NRC, 2008). Additionally, it exemplifies
curricula designed to enable teachers to provide reform-minded instruction for their
students, including extensive classroom lesson plans complete with detailed instructions
for enactment, questioning and responding outlines, detailed content background
appropriate for elementary-school teachers’ understanding, pedagogical professional
development notes for the teacher about the instruction (learning cycle, leading
discussions, nature of science, etc.), timeframes, critical junctures, and formative and
summative assessments. Furthermore, the space science content, science process, and
nature of science content embodied in this curriculum are aligned with the national
science standards and those of the state in which the study occurred.

We report here some preliminary results from the data collected during the first
year (cohort one) of a two year (two cohort) study. This paper will focus on the effects of
professional development and teaching with the GEMS curriculum compared to the
effects of teaching with a more traditional curriculum on five teacher outcomes: content
knowledge, confidence, self efficacy, outcome expectancy, and attitude. Overall, our
work is designed to begin to statistically address several questions surrounding enactment
of reform-based curriculum following professional development: Does the use of such
curricula plus professional development work? How does it work, that is, what mediating
variables can we identify that indirectly transmit the effect of the treatment? For whom
does the use of such curricula plus professional development work, that is, what student
moderator variables can we identify from the data collected? Under what conditions do
such curricula plus professional development work, that is, in this case what teacher
moderating variables can we identify from the data collected? This paper will report on
some preliminary answers to the latter question, allowing us to begin to identify some of
the characteristics that made teachers more effective in facilitating the desired student
outcomes.

Methods

Overview
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The portion of our study reported herein employed a randomized quasi-
experimental design. The experimental treatment group was comprised of 32 teachers
who participated in a 4 day professional development experience focusing on the GEMS
SSCS and the pedagogy underpinning it (i.e., learning cycle, evidence circles, cooperative
learning, discussion techniques, space science misconceptions, guided [ level 1 and 2]
inquiry) and who then enacted this curriculum in their classrooms. At the same time the
control group was comprised of 29 teachers (3 were dropped from the study due to either
personal issues or non-compliance with data collection procedures) who participated in
more limited professional development and who used the district adopted text to address
the same space science content, science process, and nature of science standards through
traditional, transmissive-mode approaches to instruction (lecture, reading from the text,
and “hands-on” activities that are related to the topic but do not extend the depth of the
student learning about core concepts nor address misconceptions). Teacher knowledge of
space science and affective dimensions related to science teaching were compared across
groups.

Participants

This study was conducted in a county in central Florida in 4™ and 5™ grade
classrooms during the 2007-08 school year. Randomization occurred at the level of the
teacher assignment to treatment group (not at the student level). The year one sample
originally targeted 36 experimental treatment group teachers and 36 control group
teachers, but by the completion of year one there were 32 treatment and 29 control
teachers remaining in the study (Table 1). Twenty of these teachers or 32.8% were
fourth-grade (10 treatment/10 control) and the remainder was composed of fifth-grade
(22 treatment/19 control) teachers. Their years of experience ranged from first year
teachers to teachers with 38 years of experience, with the average being 10.9 years; the
treatment group averaged 10.4 years and the control group averaged 11.4 years. All
teachers in both groups were certified. Teacher volunteers were assigned to treatment or
control group with control/experimental group matching according to grade level, SES,
school grade, and ethnic diversity based on their students’ demographics.

Table 1: Teacher Data

Average Years of Grade Level
Experience 4th Sth
GEMS Treatment (n=32) 10.4219 10 22
Control (n=29) 11.3621 10 19

Curricula

The curriculum enacted by the experimental treatment group was the GEMS
Space Science Curriculum Sequence (2007), which is a curriculum for teaching space
science concepts for grades 3 through 5. Through experiential learning, discussions, and
reflections centered upon the pedagogies that underpin the GEMS SSCS teachers were
prepared for teaching using this very “teacher friendly” curriculum. We label this
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curriculum as “teacher friendly” in that it was easily implementable by teachers
inexperienced with reform methodologies given its detailed materials preparation and
classroom enactment instructions, including time frames for preparation and teaching,
scripting of lessons and discussions, embedded formative and summative assessments,
etc.. This GEMS curriculum was designed to address age-appropriate core concepts in
space science (NSES, 1996) and common misconceptions that students harbor about
them (Kavanagh, 2007a, b). The activities in the curriculum specifically target these core
concepts and misconceptions in the attempt to change students’ knowledge. In addition,
the curriculum has an explicit focus on the role of models and evidence in science. In it
students are encouraged throughout to evaluate alternative explanations, to use evidence
to support explanations, and to critique the merits of an explanation in a scaffolded, age-
appropriate way. In general, all lessons were structured around a learning cycle format
(e.g., Bybee, 1997). Teachers in the experimental group were further instructed by the
research team to adjust their normal classroom practice, to closely follow the instructions
described in the curriculum.

The GEMS curriculum contrasts with the district adopted science text for grades 4
and 5 that served as the basis of the control group classroom instruction. The district
curriculum was centered on more didactic presentation of space science concepts
including direct instruction, reading of text, students answering very focused questions.
The activities included in the text typically served as verification of the content already
presented in the text or, more commonly, activities that were peripherally associated with
the topic, but that did not address the core concepts. Control teachers were further
instructed by the research team to adjust their normal classroom practice, if it was
different from this model employed in the text, in order to follow text’s presentation for
the space science unit.

The structure of the experiment in which they were participating (i.e., quasi
experimental design) was discussed with both groups of teachers. The importance of
such studies to the teaching profession was stressed as was the importance of their
contributions to their profession through participation in this study. In this context,
teachers in both groups were instructed to refrain from adding any additional activities to
those present in their assigned curriculum. Teachers from GEMS treatment and control
groups in the same school (and this was done for a matched control whenever possible)
were instructed not to discuss their curriculum with the other group until after the
administration of the delayed post testing five months after the teaching of the unit.
Teacher fidelity to the assigned methodology was assessed through direct observation
and/or videotaped observation at least twice during the unit using the RTOP instrument
(Sawada et al., 2002). (Analysis of all videotapes for cohort one is not yet complete at
this time.)

Professional Development
Because we realize that teachers’ use of any new curriculum is an act of

interpretation, the GEMS treatment group was involved in professional development in
which the teachers experienced the curriculum as learners, then learned about the
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pedagogies that underpin it (e.g., learning cycle approach to science instruction,
questioning/discussion strategies, evidence circles, assessment strategies, nature of
science teaching strategies, etc.) through an explicit/reflective experiential approach.
This occurred in a 4-day professional development workshop two weeks before the
beginning of school, a three-hour follow up immediately prior to the beginning of the
teaching of the space science unit, and a three-hour session midway through the teaching
of the unit to discuss questions that had arisen. A “science coach” was available to help
them with logistical or pedagogical issues. In actuality the support requested turned out
to be wholly logistical.

Teachers in the control group participated in a meeting 3 weeks prior to the
teaching of the control space science unit to review their part in the project, to discuss the
need for employing traditional teaching approaches through fidelity to the district-
adopted textbook curriculum and the traditional approach to teaching asked of them (see
above), and to complete the teacher pre-assessments.

Data collection

Five instruments were used to assess teacher learning, concepts, and affective
dimensions (pre, post). These instruments were: Space Science Content test (Sadler et
al., 2006), the Test of Science Related Attitudes (TOSRA) (Fraser, 1978), the Beliefs
about Reformed Science Teaching and Learning assessment (BARSTL) (Sampson &
Benton, 2006), the Teaching Science as Inquiry assessment (TSI, Dira-Smolleck, 2004),
and the Views on Science Inquiry assessment (VOSI) (Lederman & Lederman, 2005).
Semi-structured interviews using the Teacher Belief Inventory (e.g., Luft et al., 2003)
were conducted with each teacher post teaching.

For the GEMS treatment group, each assessment was administered prior to
professional development and approximately two weeks following completion of
teaching the space science unit. For the control group the initial testing was completed 3
weeks prior to teaching of the textbook-based space science unit; post testing was
accomplished on the same schedule as for the treatment group relative to teaching of the
unit.

Data Analysis

The effects of the GEMS treatment on five teacher outcomes from three of the
teacher assessments (Space Science Content, TSI, and TOSRA) are reported herein.
These effects were obtained with standard single-level multiple regression models. To
estimate the main effects of the GEMS treatment, the independent variables in the final
models were the coded GEMS treatment variable (1 = GEMS group and 0 = Control
group) and the teacher pre-measure corresponding to the outcome. The final models
were the result of initially assuming models that allowed the GEMS effects to be different
across the two grades (fourth and fifth). This was accomplished by including a coded
grade variable (1 = Grade 4 and 0 = Grade 5) and the GEMS by grade product. In
addition, the teacher years of experience (Experience) variable was also included in the
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initial models. The grade, grade by GEMS, and Experience variables were not
significant in these initial models and were dropped for the final analyses. To test
possible interactions of the GEMS treatment with the corresponding teacher pre-measure
of the outcome (i.e., to test the pre-measure as a possible moderator of the GEMS effect),
the appropriate product term was added to the main effect models.

Given the different scales of the outcomes of interest, standardized effects are
included in the results in order to allow direct comparison of GEMS effect sizes for the
various outcomes. These were obtained by dividing the estimated raw score GEMS
effect by the standard deviation of the outcome variable. The strengths of the effects
were characterized based on the following definitions for standardized effects (Cohen,
1977): 0.2 is “small,” 0.5 is “medium,” and 0.8 is “large.” The results herein contain
many statistical hypothesis tests, resulting in substantial inflation of family-wise error
rate. Since this study is viewed as exploratory, there was no attempt to control family-
WiSe error.

Results

The results reported herein will focus on some of the data collected from the
teacher portion of this study. Nevertheless, it is important to situate these results in the
context of the overall student outcomes of the study. Briefly, student achievement on
the post content test (questions from Sadler et al., 2007) for GEMS group compared to
the control group was positive and statistically significant (p=0.004). Student attitude
(Homerton Science Attitudes survey, Warrington et al., 2000) for the GEMS group as
compared with the control group was positive and statistically significant (p=0.067).
Student delayed post testing (5 months + 2 weeks) for each of these dimensions was in
the positive direction, but was not statistically significant (p=0.116 and p=0.239,
respectively). The details of the preliminary results for student learning are reported
elsewhere (Granger et al., 2009).

In general, the results indicate that the effects of professional development plus
teaching with the GEMS SSCS were positive for teachers as compared with the control
group. The estimated GEMS main effects for the teacher outcomes are summarized in
Table 2. The results for each outcome were obtained using a regression model
containing the coded GEMS treatment variable and the corresponding pre-measure of the
outcome. For example, the estimated model for teacher self efficacy (Efficacy) outcome
(EF) was

EF =96.6 +8.01 GEMS +0.200 Pre EF (1)

where Pre_EF is the teacher pre-Efficacy variable. From (1), it is seen that the predicted
outcome for the GEMS treatment group was 8.01 units higher than that for the control
group, adjusting for any group differences with respect to Pre_EF. Results associated
with this model, given in the first row of Table 2, include the unstandardized GEMS
effect estimate, the standard error of this estimate, the p-value of the effect, and the
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standardized GEMS effect. The latter was obtained by dividing the unstandardized effect
by the standard deviation of the outcome.

Table 2. GEMS Main Effects for Teacher Outcomes

Outcome Unstandardized Standard p-value Standardized
GEMS Effect Error GEMS Effect”
Self Efficacy 8.01 6.50 0.223 0.33
Outcome 8.11 6.19 0.196 0.35
Expectancy
Achievement 3.10%* 0.579 <0.001 0.86*
Confidence 0.037%* 0.177 0.089 0.38%
Attitude -5.50 16.0 0.733 -0.11

* Statistically significant at the 0.010 level." Standardized effects have been obtained by dividing the
unstandardized GEMS coefficient by the outcome standard deviation. The standard deviations for the
above outcomes are, in order: 24.5,23.3,3.59,0.809, 6 .43, 5.38, and 50.0

Considering all of the outcomes in Table 2, the GEMS effects were positive and
statistically significant for the Achievement (Space Science Content test) and Confidence
(items about teacher confidence in their content knowledge were included at the end of
the Space Science Content test). Using Cohen’s (1977) characterizations of the strength
of standardized effects, the effects ranged from approximately medium to large in
strength. There was no support for GEMS main effects for the Attitude outcome. The
GEMS effects for self efficacy and outcome expectancy were positive but not statistically
significant at the 0.10 level. Note, however, that in the discussion below of effect
moderation, it will be concluded that there were GEMS effects for self efficacy and
outcome expectancy for particular subgroups of teachers.

The search for possible teacher moderator variables (see Introduction for
discussion of teacher moderator variables) involved the extension of the main effect
models (like that in [1] above) to include a product term representing the interaction
between GEMS and the pre-measure. Consider, for example, the following estimated
interactive model for the self efficacy outcome

EF =-0.1+145.8 GEMS +0.949 Pre EF -1.075 GEMS *Pre EF (2)

As indicated in the first row of Table 3, the interaction coefficient of -1.07 was
statistically significant (p = 0.016) and indicated that the GEMS treatment versus control
contrast decreased by 1.07 units when the Pre_EF variable increased by one unit.

Table 3: Moderators of the GEMS Effect on Outcomes

| Outcome | Moderator | Simple Effect Expression | Standardized Simple Effects’
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(with label (Standardized form in Low on Average on High on
and p-value) parentheses)” Moderator | Moderator | Moderator
Self Pre-Efficacy | 145.8 —1.075*%Pre_EF 1.04 0.35 -0.34
Efficacy (Pre_EF) (5.95-0.0439*Pre_EF)
(p=0.016)
Pre-Attitude | 1214 -0.432%Pre_AT 1.35 0.49 -0.37
(Pre_AT) (496 — 0.0176*Pre_AT)
(p=0.035)
Outcome Pre- 106.0 — 0.762* Pre-OE 0.88 0.36 -0.16
Expectancy Outcome (4.55-0.0327*Pre_OE)
Expectancy
(Pre_OE)
(p =0.069)

* The outcome standard deviations used for the standardization for the Self Efficacy and Outcome
Expectancy outcomes were 24.5 and 23.3, respectively.
¢ The simple effects have been computed for: teachers one standard deviation below the moderator mean
(Low on Moderator), teachers at the moderator mean (Average on Moderator), and teachers one standard
deviation above the moderator mean (High on Moderator). The means (and standard deviations) of the

Pre_Efficacy, Pre_Attitude, and Pre_Outcome Expectancy variables were: 127.6 (15.8), 253.4 (48.7), and
128.2 (15.9), respectively.

The model in (2) can be decomposed into two models, one for each of the two
study groups, by substituting the coding values of 1 and O into the GEMS variable to

result in:

GEMS Group (GEM =1): EF =145.7-0.126 Pre_ EF
Control Group (GEMS =0): EF =-0.1+0.949 Pre EF

3)
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Figure 1: Predicted Self efficacy outcome plotted as a function of the moderator variable
for the experimental and control groups. The GEMS standardized simple effect (i.e., the
standardized difference between the predicted outcomes for the GEMS and control
groups) is the vertical separation of the two lines.

Figure 1 shows the predicted self efficacy outcome plotted as a function of the
Pre_Efficacy moderator for each of the two groups over the approximate range of the
moderator. Each model has been standardized for the figure, dividing each coefficient by
the standard deviation of the outcome. The standardized simple effect of GEMS is
represented in Figure 1 by the vertical separation of the two predicted value lines for
given values of Pre_Efficacy. Itis seen that for very low values of the moderator, the
standardized GEMS effect is positive and quite large. As the moderator increases, the
size of the positive effect decreases until, at a moderator value of approximately 135, the
estimated simple effect is zero. As the moderator continues to increase, the estimated
standardized GEMS simple effect becomes negative.

An expression for the simple effect is obtained by identifying all terms in (2)
involving GEMS and dividing out the GEMS variable (or, mathematically, by finding the
partial derivative of [2] with respect to GEMS), resulting in

Simple effect of GEMS =145.8-1.075 Pre_EF 4)
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After standardizing, this estimated simple effect is represented graphically as the straight
dashed line in Figure 2. As noted in the discussion of Figure 1, the simple effect was
positive and large for low values of the Pre_Efficacy moderator, decreased in magnitude
with increasing values of the moderator, and became negative for higher moderator
values. A 90% confidence band on the estimated effect is shown in Figure 2 by the two
curved lines (e.g., Tate, 2004). For each value of Pre_Efficacy, the associated estimated
GEMS effect was statistically significant if the corresponding two values in the
confidence band did not capture zero. Thus, the estimated effects were statistically
significant for Pre_Efficacy values up to approximately 121; for higher values of the
moderator all effects were statistically insignificant.

e e e e ey
9 100 110 120 130 140 150 160 170

Pre Efficacy

Figure 2: Estimate of the standardized simple effect of GEMS on the Self efficacy
outcome as a function of pre-Efficacy (straight dashed line). The two solid curves
represent the 90% confidence band on the effect estimate. The estimated effects are
statistically significant at the 0.10 level for all values of Pre-Efficacy where the
confidence interval does not capture zero.

The first row of Table 3 summarizes this information for Pre_Efficacy as a
moderator of GEMS for the self efficacy outcome. Both the unstandardized and
standardized forms of the simple effect expression are given, and the variation of the
simple effect over the range of the moderator is represented by the three standardized
effects shown for low, average, and high values of Pre_Efficacy. The remainder of Table
3 summarizes results for other moderators that were identified. For example, a
preplanned interaction hypothesis stating that Pre-Attitude was a moderator for the
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Efficacy outcome was tested and supported. The second row of Table 2 shows an
interaction that behaved very much like that discussed above for the Pre-Efficacy
moderator. The simple effect of GEMS was positive and large for low values of Pre-
Attitude and negative for high Pre-Attitude values. (Given the support for two different
moderators for the self efficacy outcome, Pre_Efficacy and Pre_Attitude, another analysis
added both as moderators into the same model. Dropping nonsignificant terms, the
resulting model contained only the Pre_Efficacy moderator, not the Pre_Attitude
moderator.) Finally, the Pre_Outcome Expectancy moderator for the Outcome
Expectancy outcome was found to be statistically significant, exhibiting an interactive
pattern very similar to that associated with that for the self efficacy outcome. Given
evidence that self efficacy and Outcome Expectancy were measuring closely related
constructs, this result was not surprising. There was no evidence for any other
moderators for the seven teacher outcomes. Confidence interval diagrams for the second
and third rows of Table 3 closely resemble that of the first row (shown in Figure 2) and
have not been included herein.

In summary, teacher achievement on the post content test for the GEMS group
compared to the control group was positive and statistically significant (p<.001). Teacher
confidence with their content knowledge on the post assessment for the GEMS group
compared to the control group was positive and statistically significant (p=.089). When
the self efficacy scores were examined in light of pre-test self efficacy scores as a
moderator variable for the GEMS effects, there was a positive and statistically significant
effect on post self-efficacy for the GEMS group compared to the control group for
teachers who had a low pre-test self efficacy score, a positive but smaller non-significant
effect for those that had a moderate pre-test self efficacy score, and a small negative non-
significant effect for those that had a high pre-test self efficacy score. When the self
efficacy scores were examined in light of pre-test attitudes about science scores as a
moderator variable for the GEMS effects, there was a positive and statistically significant
effect on post self efficacy for the GEMS group compared to the control group for
teachers who had a low pre-test attitude score, a positive but smaller non-significant
effect for those that had a moderate pre-test attitude score, and a small negative non-
significant effect for those that had a high pre-test attitude score.

When the teaching outcome expectancy scores were examined in light of pre-test
teaching outcome expectancy scores as a moderator variable for the GEMS effects, there
was a positive and statistically significant effect on the post outcome expectancy score
for the GEMS group compared to the control group for teachers who had a low pre-test
teaching outcome expectancy score, a positive but smaller non-significant effect for those
that had a moderate pre-test teaching outcome expectancy score, and a small negative
non-significant effect for those that had a high pre-test teaching outcome expectancy
score.

Thus, the analyses for main effects and moderators supported the presence of
positive GEMS effects for all teacher outcomes except Attitudes toward science, though
attitude was a moderator for teacher with low pre-self efficacy scores. When interactions
were supported, the GEMS effects were largest for teachers at lower levels of the
moderators.
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Discussion

It is important to note at the outset of this discussion that this is a preliminary
analysis of the results from the first year of a two-year study. The completed study will
consist of two cohorts of teachers (year one and year two) who participated in the same
regimen of professional development and teaching. The experimental methods were the
same for each cohort.

Although more research into the preparation of new teachers is critical and
necessary, research into how to best allow for continued professional development of
practicing teachers is vitally important if we are to move toward the vision of teaching
called for in science education reforms. Equally important is research into ways to
support teacher in the implementation of what they learn during professional
development when they return to the classroom. Central to this implementation is the
identification of appropriate curricula that support teachers, for even with high-quality
post professional development follow-up and science coaching, ultimately teaching
practice is carried out by individual teachers and their practice is shaped through
interaction with the curriculum on a day-to-day basis.

From teacher professional development studies we know that some of the most
significant influences on student learning are the skills and abilities of the teachers (e.g.,
content knowledge and pedagogical content knowledge) (Blanchard et al., in review;
Cohen & Hull, 1998; Goe, 2007; Schneider, 2005). Too, research points to teacher
beliefs about how students learn, students’ abilities and capabilities, the teacher’s role in
instruction, and their own self efficacy, self doubt, and attitude (among others) as central
to the adoption of new instructional practices (e.g., Ashton & Webb, 1986; Bandura,
1977; Cronin-Jones, 1991; Krajcik, et al., 1994; Rice & Roychoudhury, 2003; Ross,
1992; Settlage et al., 2008; Tschannen-Moran et al., 1998; Wheatley, 2002; Woolfolk et
al., 1990). Of particular relevance to this study, teacher self efficacy centers around a
teacher’s beliefs about their own ability to influence student learning and their ability to
enact specific instructional interventions (e.g., Bandura, 1977; Settlage, et al., 2009).
Outcome expectancy in the context of teaching reflects a more general view of the
possible effects of teaching on learning; for example, high outcome expectancy reflects a
belief that effective instruction can overcome other factors that negatively influence
student learning (Bandura, 1977, 1997; Settlage et al., 2009). It has been further
suggested that at least some amount of self doubt with respect to teaching and curriculum
enactment is not necessarily a negative force as it may stimulate professional growth and
development (Settlage et al., 2009; Wheatley, 2002; Woodbury & Gess-Newsome, 2002).

The findings reported herein suggest that well-designed, reform-based curriculum,
such as the GEMS SSCS, combined with professional development centered around that
curriculum, can support the development of elementary teachers’ content knowledge. As
discussed above, teacher content knowledge has been shown to be a necessary but not
sufficient factor influencing science instruction. Our results further indicate that use of
the GEMS curriculum in combination with professional development supported teachers’
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confidence with their content knowledge. This increased confidence and content
knowledge may also exert some influence on science teaching, though our work does not
delve more deeply into this idea. As many practicing elementary teachers report lack of
content knowledge as necessary to the effective teaching science, especially in a
reformed manner (e.g., authors E.G. and T.B., personal experience during > 12 combined
years of professional development work, Lee et al., 2003; Luera et al., 2005), improving
content knowledge and teachers’ confidence in their knowledge are features that should
be a part of any professional development effort.

Our findings further suggest that well-designed, reform-based curricula in
combination with professional development can be effective in shaping teachers’ beliefs
about teaching. The evidence provided herein supports the recursive relationship
between context and knowledge and beliefs described by others (e.g., Roehrig & Kruse,
2005; Smith & Southerland, 2007; Yore et al., 2007). Further, this study suggests that the
GEMS SSCS curriculum materials and professional development were more effective in
supporting teachers who had more to learn, that is, those with lower self efficacy and
outcome expectance at the outset of the study. This effect lessened for teachers who had
high self efficacy and outcome expectancy at the outset.

Several features of the GEMS curriculum and professional development are
potential contributors to the modification of teacher beliefs as a result of this experience.
The GEMS SSCS is structured to provide experiences that confront common space
science misconceptions including frequent opportunities to talk about these experiences
including opportunities to provide evidence for the correct conceptions. Through the
professional development the teachers first experienced these activities and discussions as
learners, just as their students would, then were provided with further experiences to help
them delve more deeply into the subject matter, and finally experiences to help them
understand the pedagogy employed by the curriculum. Following this they taught the
unit which provided them with further experience with the content. Finally, there is a
very well-written content background for the teachers section included in the curriculum.
Thus, teachers who initially had little space science content knowledge became much
more knowledgeable and secure with what they knew about the topics in the unit. It may
also be that, for those still somewhat unsure of themselves, the scripted nature of the
curriculum functions as another support.

Our findings further call into question the role of initial high self efficacy in
hindering teacher development echoing suggestions in the literature (e.g., Settlage et al.,
2009; Wheatley, 2002). That is, a measure of self doubt has been postulated by these
authors and others as a mechanism for motivating change in teaching practice. As cited
by Settlage, et al (2009), according to Dewey (1916) such self doubt “...marks an
inquiring, hunting, searching attitude, instead of one of mastery and possession. Through
its critical process true knowledge is revised and extended, and our convictions as to the
state of things reorganized.” However, this study does not specifically explore the role of
self doubt. That is, we cannot determine from our data whether a lack of self doubt
contributed to our findings for teachers with high initial self efficacy and outcome
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expectancy, whether these results reflected a ceiling effect on the self efficacy and
outcome expectancy variables, or whether some other factor(s) influenced these results.

Finally, teachers’ attitudes about science at the outset of the study also moderated
their final self efficacy. That is, those that initially had poor attitudes about science
showed significant improvement in their self efficacy following professional
development and teaching with the GEMS curriculum. This provides further evidence
supporting the positive effects of the GEMS SSCS curriculum and professional
development on teacher beliefs about teaching.

Implications

Our results indicate that well-designed curriculum and professional development
around it can be effective in shaping teachers professional development in science and
the teaching practices associated with reformed science education instruction. Further,
our results suggest that what teachers learn from professional development and teaching
with the curriculum varies according to what their knowledge, beliefs, and/or attitudes are
entering the experience. Those working in professional development need to be very
mindful of the needs and abilities of the teachers that enter such experiences. Many
district personnel, not familiar with teaching as an act of interpreting materials, may
forgo the need for professional development with new curricular materials that is
centered around both the materials and the pedagogy that underpins them.

Future Research

The research reported herein examined the combination of professional
development and well-designed, reform-based curricula on teachers’ knowledge and
beliefs. Further research is needed to examine the effectiveness of implementing the
curriculum without professional development on teachers’ knowledge and beliefs in order
to shape the practices of school administrations.

Our results do not allow us to tease apart which features of the GEMS SSCS
curriculum and/or professional development were the most salient in supporting the
development of teachers and this is an avenue for future research. Finally, whether such
curriculum materials are as effective in supporting the professional development of
teachers in the secondary grades (who often are perceived as having greater content
knowledge and/or sophistication with science teaching practices) is another area for
future research.
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