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Abstract
Professional development holds significant potential in promoting science educa-
tion, but that potential is undermined if instructional changes are not sustained. For 
professional development, sustainability refers to the continuation of outcomes over 
an extended period of time after the program ends and is an issue across interna-
tional contexts. This longitudinal research, part of a larger research project funded 
by NSF, investigated sustainability of early elementary science instruction after 
teacher participation in a 3-year professional development program and the fac-
tors that influenced teachers’ decisions about instructional time and strategies. The 
research used a case-study approach to obtain an in-depth understanding of why 
instructional shifts occurred over a period of 7-years. The primary data sources were 
teacher surveys, self-efficacy assessments, and interviews. The findings highlight 
how school level factors changed over time and affected teachers’ science instruction 
in both positive and negative ways. The research illustrates the connection between 
contextual constraints and science instruction and holds implications for sustaining 
meaningful instructional changes after professional development ends.
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Introduction

The legacy that it [the professional development] has left for me is to keep 
teaching science as much as you can even though your site administrator or 
your district may not push for it anymore.

Miranda, a second-grade teacher quoted above, drew upon personal passion 
to continue teaching science 4-years after the professional development program 
ended. But other teachers, such as Robert, gradually succumbed to contextual 
constraints and started to reduce science instruction before finally reverting to 
short, textbook lessons. Miranda and Robert were two participants in a 3-year 
state-funded professional development program that provided science assis-
tance for teachers in rural schools in the United States. Earlier research about 
the impacts of the professional development reported significant changes in the 
participating teachers’ science content knowledge, self-efficacy related to science 
teaching, instructional time devoted to science, and instructional practices in sci-
ence after just 1-year of the professional development; these changes continued 
during the second and third years of the program (Sandholtz and Ringstaff 2013a, 
b). Participating teachers described shifting from teaching science whenever they 
could “fit it in” to establishing set time slots for science in their instructional 
plans. In interviews, they explained the value in using more hands-on, experimen-
tal, and investigative strategies. But 4-years after the program ended, the persis-
tence of these outcomes varied widely across teachers and schools.

Although professional development holds significant potential in promoting 
science education in elementary schools, that potential is undermined if changes 
are not sustained. For professional development, sustainability refers to the con-
tinuation of outcomes over an extended period of time after the program ends and 
is an issue across international contexts. In the field of education, reform efforts 
often focus on increasing the scale of implementation rather than sustaining 
changes (McLaughlin and Mitra 2001). Although the assumption that effects of 
professional development programs will be maintained over time is not self-evi-
dent, research on sustainable impact is generally lacking (Zehetmeier and Krainer 
2011).

Professional development outcomes may be difficult to sustain for a range of 
reasons. Changing teachers’ pedagogical practices initially is not a quick pro-
cess, but rather one that often extends over years of professional development 
(Darling-Hammond et al. 2009; Hawley and Valli 1999). During the professional 
development, teachers tend to benefit from supports generated by the programs. 
To sustain newly-adopted pedagogical changes after the professional develop-
ment ends may require ongoing forms of support that are not readily apparent or 
available. These supports may include, for example, periodic refresher sessions, 
collaboration with other teachers, materials for teaching science, webinars, or 
electronic support. A report from the National Academy of Sciences (2015) in 
the U.S. concludes that science teachers’ development should be perceived not 
only as long term but also as contextualized. Contextual factors at multiple levels 
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affect the extent to which teachers adopt instructional strategies learned in pro-
fessional development as well as the extent to which any instructional changes 
persist over time. Gaikhorst et al. (2017) contend that the effectiveness of profes-
sional development depends on program characteristics, but the sustainability of 
program effects is related more to characteristics of school organizations.

Research on teacher professional development has focused primarily on the 
important features of effective programs and outcomes at the end of the programs. 
There is relatively little research on long-term effects of professional development, 
perhaps due to the challenges of collecting longitudinal data from teachers. How-
ever, given the investments of time and money in professional development, more 
research about sustainability is needed. To understand if and how programs can lead 
to sustained outcomes, researchers need to examine factors that both promote and 
hinder sustainability after the programs end.

This study addresses the need for research that investigates sustainability of 
professional development outcomes. Specifically, this study examined longitudi-
nal changes in early elementary science instruction after teacher participation in a 
3-year professional development program and the factors that influenced teachers’ 
decisions about instructional time and strategies. The research, part of a larger NSF-
funded project, used a case-study approach to obtain an in-depth understanding of 
why instructional shifts occurred over 7-years. The primary research questions were: 
To what extent did teachers continue to teach science and use inquiry-based instruc-
tional strategies after the professional development ended? What factors influenced 
science instruction for these teachers?

Conceptual framework

Operating from the premise that all children can learn science and benefit from sci-
entific reasoning, science educators have focused on preparing teachers to teach sci-
ence to students in diverse settings (Settlage et al. 2017). However, the Committee 
on Strengthening Science Education (National Academy of Sciences 2015) in the 
U.S.  recognizes “a gap between what science teaching and learning could be and 
the reality of current practices” (p. 2). A key strategy for addressing this gap is pro-
fessional development. Researchers report that professional development not only 
increases teachers’ preparedness in science content and pedagogy (Banilower et al. 
2007; Bowes and Banilower 2004; Duschl et al. 2007; Gess-Newsome 2001; Penuel 
et  al. 2008; Supovitz and Turner 2000), but it also promotes changes in teaching 
practices (National Staff Development Council 2001; Rotermund et al. 2017; Sparks 
2002; Stigler and Hiebert 1999). Desimone (2009) proposes an operational theory of 
how professional development leads to changes in teachers’ instructional practices. 
The core theory of action includes four steps. First, teachers participate in effective 
professional development. Second, their participation increases their knowledge and 
skills or changes their attitudes and beliefs. Third, given their new knowledge and 
skills (or attitudes and beliefs), teachers adapt their instructional practices through 
changes in content, pedagogy, or both. Fourth, the changes in instructional prac-
tices promote student learning. In this model, context functions as a key mediating 
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influence and includes, for example, student characteristics, teacher characteristics, 
curriculum, school leadership, policies at multiple levels, and classroom, school, 
and district environments. This study focuses on the third step of Desimone’s model, 
changes in instructional practice, and devotes particular attention to context.

Although studies primarily focus on characteristics of effective professional 
development and outcomes, researchers acknowledge the influence of contextual 
factors on the extent to which teachers design high quality curriculum and strate-
gies (Penuel and Gallagher 2009) and implement new instructional practices in their 
classrooms (Guskey and Sparks 2002; National Academy of Sciences 2015; Penuel 
et  al. 2007). Changes in science instruction depend not only on individual teach-
ers’ abilities and attitudes, but also on contextual support and factors beyond their 
control (Banilower et al. 2007; Johnson 2006; Sherry 2002; Haney et al. 2002). Con-
sequently, researchers report that professional development providers “need to con-
sider not only teachers’ own contexts but also the program’s demands on teachers 
and how those demands can be met within their contexts” (Penuel et  al. 2007, p. 
952).

Administrative support is an important contextual factor in promoting science 
education, particularly in elementary schools. Research on the Local Systemic 
Change program, which included 42 projects, reported that support from the school 
principal predicted how much instructional time teachers spent on science and to 
what extent they used investigative strategies (Banilower et  al. 2007). Adequate 
administrative support contributes not only to positive changes in teachers’ practices 
stemming from professional development (Guskey and Sparks 2002) but also teach-
ers’ continued use of reform-based strategies (National Academy of Sciences 2015; 
Steele 2001). Administrators also have a role in resource availability, another con-
textual factor that affects teachers’ implementation of investigative science lessons 
(Johnson 2006; Sullivan-Watts et  al. 2013; Wyner 2013). In addition to resources 
such as lesson ideas and reference materials, classroom materials such as science 
kits and supplies for experiments foster the use of investigative, inquiry-based strate-
gies (Appleton and Kindt 1999; Steele 2001; Sullivan-Watts et al. 2013).

Collaboration among teachers and collegial support also contribute to implemen-
tation of classroom teaching strategies learned in professional development (Franke 
et  al. 2001; Johnson 2006; Pea 2012). Support from colleagues affects elemen-
tary teachers’ confidence in teaching science as well as their classroom instruction 
(Appleton and Kindt 1999). However, opportunities for collaboration that teachers 
experience during professional development programs may not be available to the 
same extent at their school sites and thereby affect whether or not teachers continue 
to use the focal instructional strategies.

Accountability pressures stemming from reform efforts, standardized testing, and 
district and state policies influence science instruction in various ways. In elemen-
tary schools with high accountability pressure, typically related to student achieve-
ment in math and language arts, teachers spend significantly less time using hands-
on and laboratory teaching methods in science (Hayes and Trexler 2016). Moreover, 
the extent to which standards for science education are implemented by teachers 
is influenced by policies and decisions at the district level (Spillane and Callahan 
2000). Standards-based reform has different, and often unintended, consequences on 
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science education practices depending on school contexts (Settlage and Meadows 
2002).

Schools located in rural settings encounter heightened challenges stemming from 
contextual factors. Compared to urban and suburban schools, rural schools are usu-
ally smaller in terms of student populations and are located in sparsely populated but 
widespread areas (Monk 2007). In addition, student populations typically include 
higher numbers of minority students and English language learners (Jimerson 2005) 
and students living in poverty (Avery 2013; Jimerson 2005; Monk 2007). Rural 
schools also confront financial constraints, increased transportation costs, and out-
dated and small facilities (Farmer 2009; Harmon and Smith 2007; Jimerson 2005). 
These issues make it particularly challenging to attract and retain qualified STEM 
teachers in rural settings (Avery 2013). Teachers in rural schools typically have less 
teaching experience than other teachers and more limited backgrounds in science 
(Arnold et al. 2004). Moreover, providing content-specific professional development 
is problematic due to tight budgets, large distances between schools, and limited 
organizational support (Harmon et al. 2007), and rural teachers have less access to 
other educational opportunities offered by science organizations, colleges, and cor-
porations (Avery 2013). Given the difficult decisions that administrators in rural set-
tings face (Farmer 2009), support for science education in elementary schools may 
take a lesser priority.

In summary, context is a key mediating influence on changes to teaching prac-
tices stemming from professional development. Research on sustainability is lack-
ing, but researchers propose that school characteristics may have more influence 
than program characteristics on the extent to which professional development out-
comes are sustained over time (Gaikhorst et al. 2017). As described above, schools 
in rural settings face additional challenges related to contextual factors. According 
to Guskey (2002), the most neglected aspect of professional development is sustain-
ing changes after programs end. This study, which specifically examines whether 
teachers’ changes in instructional practices endured over time and what factors influ-
enced their decisions about science instruction, addresses a need for longitudinal 
research that investigates sustainability of professional development outcomes. If 
science is not taught on a consistent basis and if pedagogical practices in science are 
not sustained over time, improved student learning in science in early elementary 
classrooms is unlikely.

Methods

Professional development program

This study is part of a larger longitudinal research project examining the sustain-
ability of professional development outcomes. The research project focuses on early 
elementary teachers who completed a 3-year professional development program 
that provided science assistance for teachers in rural districts in the U.S. The profes-
sional development included three key components: (a) intensive adult-level science 
content instruction; (b) pedagogical training focused on science instruction and how 
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to connect science to language arts and mathematics; and (c) training and support 
designed to facilitate teacher collaboration. The program provided teachers with 
over 100 contact hours each year and included intensive summer institutes, regional 
meetings, and school site sessions. The authors of this paper were not involved in 
designing or providing the professional development, but the second author served 
as an external evaluator.

The content instruction during the summer institutes focused on a different 
branch of science each year (physical, earth, and life sciences) and was based on 
topics included in the California state science standards. A team that included a uni-
versity professor with expertise in science and advanced mathematics, an elemen-
tary teacher with expertise in research-based instructional strategies and science 
inquiry, and an English language learning specialist led the 6-day summer institutes. 
Following each summer institute, teachers participated in regional meetings as well 
as sessions at their schools during the academic year.

The pedagogical component, which emphasized scientific inquiry, was inter-
twined with the adult-level content instruction. Teachers learned science content 
through research-based instructional strategies that included scientific inquiry as 
well as hands-on experiments and investigations. The pedagogical component also 
introduced teachers to a model of instruction called Scaffolded Guided Inquiry 
(SGI) that they could use back in their classrooms (Vanosdall et al. 2007). The cen-
tral aim of this guided inquiry process is to promote learning through student inves-
tigation. The inquiry-based instruction mirrors scientific methods and engages stu-
dents in higher-level thinking and science process skills such as making predictions, 
summarizing knowledge, analyzing data, and evaluating their findings. SGI lessons 
are meant to take place over several days and include nine steps: (a) display the big 
idea; (b) gather needed materials; (c) discuss an engaging scenario; (d) identify a 
focus question; (e) make a prediction; (f) collect data; (g) make claims based on evi-
dence; (h) draw a conclusion; and (i) reflect. As part of the inquiry process, students 
are supposed to write in science notebooks and record their focus question, predic-
tion, data, claims and evidence, conclusions, and reflections.

The professional development program also helped teachers create inquiry-based 
science units based on the SGI model through the use of a curriculum-mapping tool. 
The tool provides a process for documenting curriculum, planning for implementa-
tion of standards, and matching assessment with instruction. As part of the pedagog-
ical component, teachers also learned instructional strategies shown to be effective 
for English Language Learners and approaches for integrating science instruction 
with mathematics and language arts.

To enhance collaboration among teachers in these rural schools, the program cre-
ated opportunities for teachers to work together. For example, during summer insti-
tutes, teachers worked in teams to develop curriculum maps for various grade levels. 
With the aim of creating professional learning communities, the program organized 
teachers into cluster groups according to the geographic proximity of their schools. 
During each school year, teachers participated in regional “cluster” meetings where 
they could reunite to discuss implementation, share strategies, and plan events. The 
program also hosted a website for teachers to communicate, share lesson plans, and 
access instructional resources.
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Participants

The 3-year program included 39 teachers from 16 schools in 16 districts in north-
ern California in the U.S. Half of the districts were one-school districts in which 
a particular grade level may have only one teacher. Student enrollment prior to the 
program ranged from 148 to 5087, and student performance on standardized tests 
indicated low academic achievement. Due to changes in teaching assignments, relo-
cations, death, and attrition, there were 34 participating teachers by the end of the 
3-year program. Our longitudinal follow-up research project includes 30 of those 
teachers, representing 14 schools and 13 districts.

In this study, we used a comparative case study approach with a purposive sam-
ple of four teachers. A case study design is particularly well suited to examining 
how and why contemporary events occur (Yin 2003). Comparative cases facilitate 
examination of factors that may mediate teachers’ professional practice but may 
not be evident with single cases or cases that do not differ in ways important to 
the general problem (Patton 2002). Since the aim was to investigate why teachers 
made varied decisions about science instruction after the professional development 
ended, the teacher was the unit of analysis. To select teachers, we used survey data 
from the larger research project to examine teachers’ instructional time in science 
over a 7-year period: 3-years of the professional development and 4-years after the 
program ended. We plotted teachers’ responses to two key questions: (a) number of 
minutes in a typical science lesson and (b) number of days that science is taught in a 
typical week. To examine critical cases, which had “strategic importance in relation 
to the general problem” (Flyvberg 2001, p. 78), we reviewed the plots and selected 
four teachers who had differing patterns of instructional time in science and who 
taught in different schools. The patterns included: low instructional time that gradu-
ally increased over the years (Miranda); gradual decrease in time before a small rise 
followed by a sharp decrease (Robert); increases to high instructional time before 
dropping to moderate amounts (Gabriela); overall high instructional time but yearly 
variations that included both increases and decreases (Rachel).

Although instructional time was the key variable for selecting teachers, the four 
teachers are representative of the larger group of K-2 teachers (primarily white 
females with a range of teaching experience). The student population at their schools 
ranged from approximately 200–800 and approximately 5–55% English language 
learners. Their teaching assignments included first and second grades, and the num-
ber of other participating teachers at their schools ranged from zero to four. The 
school contexts are described more specifically in each case study.

Data sources and analysis

Primary data sources for the case studies included teacher surveys, self-efficacy 
assessments, and interviews. The teacher survey, developed by Horizon Research, 
Inc (2000) for national studies of science teaching at the elementary level, focused 
on teachers’ opinions about science and science instruction, their preparedness, 
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and their instructional practices. The self-efficacy assessment, the Science Teach-
ing Efficacy Beliefs Instrument (STEBI) developed by Riggs and Enochs (1990) 
specifically for use with elementary teachers, focused on teachers’ beliefs about 
their effectiveness in teaching science. Teachers, as part of the larger research 
project, completed the teacher surveys and self-efficacy assessments at seven 
time points: pre-program, in each of the three program years, and in each of the 
three post-program years. To examine perceptions of principal support and use of 
instructional strategies and student activities, we examined a series of questions 
from the teacher survey (see Table 1). Teacher ratings were converted to numeric 
values on a five-point scale, and composite scores were calculated. For each case 
study teacher, we plotted composite scores across the 7-year period. To examine 

Table 1  Items from the teacher survey

Category Survey item

Instructional strategies in science Introduces content through formal presentations
Demonstrates a science-related principle or phenomenon
Teaches science using real-world concepts
Arranges seating to facilitate student discussion
Uses open-ended questions
Requires students to support their claims with evidence
Encourages students to explain concepts to one another
Encourages students to consider alternative explanations
Allows students to work at their own pace
Helps students see connections between science and other 

disciplines
Uses assessment to gauge what students know before or 

during a unit
Embeds assessment in regular class activities
Assigns science homework
Reads and comments on students’ reflections

Student activities during science instruction Participates in discussions with teacher
Works in cooperative groups
Works on solving a real-world problem
Shares ideas or solves problems in small groups
Engages in hands-on activities
Designs or implements their own investigation
Works on extended science investigations
Records, represents, and/or analyzes data
Writes reflections in notebook
Uses mathematics to solve problems

Principal support for science Encourages selection of science content and strategies that 
address individual learning styles

Encourages implementation of national standards in sci-
ence education

Encourages innovative instructional practices
Provides needed materials and equipment
Provides time for teachers to meet and share ideas
Encourages making connections across disciplines
Acts as a buffer between teachers and external pressures
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teachers’ self-efficacy over time, we plotted their overall scores on the self-effi-
cacy assessment for the seven administrations.

As part of the larger research project, researchers conducted in-person or tel-
ephone interviews with teachers 2, 3, and 4-years after the program ended. Each 
interview lasted approximately 1 h and was audio-recorded and subsequently tran-
scribed. These semi-structured interviews focused on instructional time in science, 
confidence in teaching science, content knowledge in science, instructional and cur-
ricular choices, integration of science into other subjects, and support and resources 
for teaching science. The questions probed for changes in the years after the profes-
sional development ended and reasons for any reported changes.

Analysis of interview data followed qualitative research procedures such as cod-
ing and data displays (Bogdan and Biklen 1998). All verbatim interview transcripts 
were compiled in an electronic database and coded initially according to a priori 
codes from the conceptual framework and interview protocols. A second round of 
coding identified emergent sub-categories; for example, sub-categories in the con-
textual factors category included curricular demands, administrative support, teacher 
support, and resources. The software allowed for multiple codes to be assigned to 
interview excerpts, which aided in searching for and retrieving data across catego-
ries. For example, teachers’ descriptions of science instruction in their classrooms 
may have included information related to multiple codes such as “strategies used”, 
“Scaffolded Guided Inquiry”, “changes in strategies”, and “factors influencing strat-
egies”. The code “lack of” could be assigned as a double code to any of the catego-
ries. To establish reliability in coding, we used a system of multiple coders for each 
transcript. All coders received training in the coding system and demonstrated com-
petence in applying the codes on a sample transcript. Two coders then independently 
coded each interview transcript; the coders achieved inter-rater reliability higher 
than 85% based on the percentage of matches (Creswell 2005). Any discrepancies 
between the two were noted, discussed, and resolved. The discrepancies were minor 
and centered on the additional codes for an excerpt. A third coder subsequently 
reviewed all coded transcripts for consistency with the system.

For this study, we searched the database to retrieve and organize interview data 
for the case study teachers, reviewed their full interview transcripts, and created data 
displays for the teachers. Data analysis focused on explanation building (Yin 2003), 
specifically on understanding why instructional shifts for each teacher occurred over 
the 7-year period. Using the plots for each teacher, we examined shifts in reported 
instructional time, self-efficacy, administrative support, and use of instructional 
strategies and student activities. We subsequently looked in the interview data for 
excerpts related to each of these categories and for emerging influences on each 
teacher’s instruction in science. For example, one teacher described in an interview 
how bus schedules influenced the length of the instructional day—an unexpected 
contextual factor that was not captured in the survey data. In constructing each case, 
we focused on the teachers’ explanations and rationales for their decisions about 
science instruction after the professional development ended. After constructing 
each teacher case, we conducted a cross-case analysis, first examining similarities 
and differences across teachers. Our aim was to look for patterns and key factors 
across teachers and settings and to understand how these factors influenced teachers’ 
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decisions about science instruction over time. The small sample of teachers limits 
the generalizability of the findings to other teachers, but the findings may suggest 
areas for future longitudinal research and potential approaches for sustaining profes-
sional development outcomes.

Individual cases

In the following sections, we present each of the four case studies and discuss four 
aspects of the teachers’ science teaching: (a) their teaching assignments; (b) changes 
in instructional time in science after the professional development ended; (c) the 
impact of the professional development program; and (d) factors that influenced 
their decisions about science instruction. After presenting the four individual cases, 
we propose and describe five key findings from our cross-case analysis that relate 
to sustainability of professional development outcomes. These findings address: (a) 
teachers’ desire to teach science in relationship to constraints; (b) changes in teach-
ers’ use of inquiry-based instructional strategies in science; (c) positive and negative 
influences on instructional time for science; (d) shifts in school level support; and 
(e) teachers’ personal commitment to teach science.

Miranda

Teaching assignment

Throughout the 3-year professional development and 4-year follow-up study, 
Miranda taught second grade at a small elementary school that enrolled approxi-
mately 400 students. The student population consisted of approximately 76% His-
panic and 21% White students. Approximately 47% of the students in the school 
were English language learners, and over 90% qualified for free and reduced lunch. 
The percentage of students qualifying for free and reduced price lunch as part of the 
U.S. National School Lunch Program is often used as an indicator of the concen-
tration of poverty within a school. However, the percentage may overestimate the 
actual number of students living in poverty.

Change in instructional time

As shown in Fig. 1, Miranda reported little or no science teaching before the profes-
sional development program but, over the years, she gradually increased the time 
allotted to a typical science lesson from 10–20 min to 30–40 min. The number of 
days vacillated between 1 and 2 days a week.

Impact of professional development

Miranda, who has “always been fascinated with science”, described the professional 
development program as providing her “that booster shot of love of science that 
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I already had”. Given her passion for the subject, she primarily “wanted to know 
how I can do it better”. She wanted more information about tools, strategies, and 
materials so she could teach science in “a way that is going to make the students 
as excited and passionate about it as I am”. Miranda was unsure that she “had all 
the level of knowledge that I needed” but she was never intimidated about teach-
ing science. She credited the professional development program with improving her 
content knowledge, particularly in physical science, but she most appreciated learn-
ing about inquiry-based strategies for use across all three branches of science. For 
example, she described being uncertain how to teach physical science in a “mean-
ingful way to students rather than just using the textbook which is pretty boring”, 
but coming away from the professional development with “some really good ideas” 
and activities, such as race car experiments for teaching force and motion, that she 
took “straight to the classroom”.

Miranda identified “learning the SGI model” as a key benefit of participating 
in the 3-year professional development program. She viewed the model not only 
as a valuable strategy for teaching content but also as “an excellent way” to teach 
“that whole scientific methods that they need to know in the upper grades”. She 
also highlighted the way in which the hands-on, investigative strategies increased 
student engagement in science: “They love science. If they can do those hands-on 
activities, they are so engaged they want to go on and on with whatever activity… 
They get so energized, so excited, it is amazing”. She also found the strategy help-
ful with English learners because “It is so hands-on and every lesson starts out with 

Fig. 1  Change in teacher ratings related to (top left) instructional time: minutes per day in typical les-
son (10 or fewer = 0; 11–20 = .13; 21–30 = .25; 31–40 = .38; 41–50 = .5; 51–60 = .625) and days of sci-
ence instruction per week (none = 0; one = .2; two = .4; three = .6; four = .8; five = 1); (top right) principal 
support (1 = strongly disagree to 5 = strongly agree); (bottom left) self-efficacy (1 = low to 5 = high); and 
(bottom right) instructional strategies and student activities (1 = never to 5 = all or almost all)
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understanding the vocabulary of what you are working with… and we draw a pic-
ture of it as part of our inventory chart”. Unlike other teachers who ended up elimi-
nating some steps of the model due to time constraints, Miranda reported doing all 
of the steps but extending SGI lessons over more days or weeks:

Sometimes you have to draw it out over time. It’s still really meaningful 
for them because you’re covering so many standards. All the writing that is 
involved and the prediction and the summarizing, and then you go back to 
your focus question, and then you have time to reflect and wonder and come up 
with more questions.

As shown in Fig.  1, Miranda’s self-efficacy in teaching science increased during 
the professional development program and stayed stable over the subsequent years. 
After the program ended, she had only one additional opportunity for science-related 
professional development. The focus was lesson study, and she and a second-grade 
teacher from a different school collaborated on developing, teaching, and refining a 
lesson based on rocks and minerals.

Factors that affected science instruction

Miranda consistently identified time as the primary factor that made it difficult to 
teach science. Although finding instructional time for science is a common issue for 
elementary teachers, Miranda faced additional time constraints due to the school’s 
ongoing designation as a program improvement site. Schools that do not meet state-
wide proficiency goals (related to student performance and state standards) for two 
consecutive years are designated program improvements schools by the state and 
are subject to improvement and corrective action measures. In an effort to improve 
student test scores, the school principal contracted with a program to focus on math-
ematics and language arts standards. In addition to required workshops, meetings, 
and walk-throughs, Miranda felt “a lot of stress to implement the strategies in this 
[new] program” and was trying “to figure out how to fit science in” during the after-
noon when she often had to “finish what I didn’t get to in language arts and math”. 
She described the press of preparing students for benchmark exams in mathemat-
ics and language arts and the challenge of “still having time for science”. 2-years 
after the professional development ended, in an interview scheduled in October, 
Miranda indicated that she had not “even started with science” yet that school year. 
She thought that “time and consistency” were particularly important when using the 
SGI model: “You have to be consistent and work on this model. You have to use this 
model often enough so that they get used to forming predictions and conclusions… 
You just have to do it enough times”. However, due to the pacing schedule and all of 
the practice tests in language arts and math, she increasingly felt like “I don’t have 
enough time to teach science”.

The emphasis on student performance in math and language arts was compounded 
by turnover in school administrators. Although Miranda remained at the same school, 
the school principal changed four times during the 7-year period of this research, and 
Fig. 1 shows how she reported different levels of support by the principals. Miranda 
indicated that each principal had differing priorities. For example, whereas a previous 
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principal supported her efforts to hold a family science night and helped secure teacher 
buy-in so that “every teacher at every grade level was doing some kind of science pro-
ject in their classroom”, a subsequent principal wanted to hold a family literacy night 
instead. She reported that science instruction was “never really discussed or talked 
about” with any of the principals with whom she worked, and that there was no means 
for securing needed materials. Miranda also reported little collegial support for sci-
ence instruction. She was the only person from her school, not just her grade level, who 
opted to participate in the 3-year professional development program. She stated there 
was little or no support for science instruction “coming from the district or the site, so 
it is just a matter of what I decide to do as a teacher or as a grade level. I haven’t really 
had much support from my grade level over any of these years… So whatever I did in 
science I did on my own”.

Despite the contextual challenges and lack of support, Miranda seemed determined 
to continue to teach science and to incorporate investigative strategies. As shown in 
Fig. 1, her use of inquiry-based and student-centered instructional strategies increased 
significantly after the first year of the professional development and changed only 
slightly after it ended. She expressed concern that many teachers facing time con-
straints “are reduced to almost the worst strategy to teach science—reading boring stuff 
out of a book”. Even though the professional development had ended, she resolved that, 
“The legacy that it has left for me is to keep teaching science as much as you can even 
though your site administrator or your district may not push for it anymore”.

Summary

After the professional development, Miranda gradually increased her time teaching sci-
ence, but struggled to fit science into the instructional day over the years. Requirements 
related to the school’s designation as a program improvement site, frequent changes in 
administrators and their priorities, and little support from colleagues made it ever more 
challenging to teach inquiry-based science on a consistent basis. Rather than abandon 
science instruction or investigative strategies, she pushed to teach science as much as 
possible within the contextual constraints.

Rachel

Teaching assignment

Throughout the 7-years of this research, Rachel taught first grade at the same elemen-
tary school. The school had a population of just under 600 students that consisted pri-
marily of White (77%) and Hispanic (12%) students. Approximately 54% of the stu-
dents qualified for free and reduced lunch.

Change in instructional time

As shown in Fig.  2, Rachel taught science for approximately 30–40  min twice a 
week before the professional development started. Over the next 6-years, the number 
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of days that she taught science varied from 2 to 4 days per week, and the number of 
minutes in a typical lesson ranged from 30 to 60 min. In some years, Rachel taught 
science for longer time periods but fewer days a week. For example, at the end of the 
3-year program, she described teaching science “every Tuesday and Thursday after-
noon” for approximately 90 min as well as “here and there” on other days.

Impact of professional development

Rachel’s self-efficacy in teaching science increased after the program’s first year and 
then stayed stable over the subsequent years (see Fig. 2). Given her limited science 
coursework as an undergraduate, Rachel viewed increased content knowledge as an 
important benefit of her participation in the professional development. In addition to 
gaining a “better background” in the three branches of science addressed in the pro-
gram, Rachel pointed out the value of learning more about the standards and how to 
incorporate inquiry-based strategies into her science teaching. She credited the pro-
fessional development with not only building her content and pedagogical knowl-
edge but also fostering her interest in teaching science:

I have not gone back to the textbook. I feel like [the professional development 
program] has made science much more interesting and so much more fun to 
teach.

Fig. 2  Change in teacher ratings related to (top left) instructional time: minutes per day in typical les-
son (10 or fewer = 0; 11–20 = .13; 21–30 = .25; 31–40 = .38; 41–50 = .5; 51–60 = .625) and days of sci-
ence instruction per week (none = 0; one = .2; two = .4; three = .6; four = .8; five = 1); (top right) principal 
support (1 = strongly disagree to 5 = strongly agree); (bottom left) self-efficacy (1 = low to 5 = high); and 
(bottom right) instructional strategies and student activities (1 = never to 5 = all or almost all)
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My love for science has changed… I’m always searching for new ideas and 
new wonderful things to add to my lessons and I think that has changed. I 
never sit and say, ‘Okay, these are our lessons and this is what we’re doing’ 
and then do it year after year.

She said that teaching science involved active learning for both her and her students. 
In the years after the professional development ended, Rachel chose to complete two 
one-week science-related professional development programs—one on oceans and 
another on forests—that increased her own knowledge and resulted in lesson plans 
that could be used in her classroom.

Factors that affected science instruction

For Rachel, the factors that most influenced her decisions about science instruction 
were the standards and students’ interest. The standards provided the foundation for 
organizing the science curriculum, and students’ interest reinforced her choice of 
instructional strategies. Noting that the students’ love of science made her “want to 
do more”, she tried to incorporate more hands-on activities to keep students actively 
engaged:

I don’t think reading a textbook is going to get them excited. I think getting 
into the activity and maybe reading the directions of the experiment. They 
have to be engaged… When kids are interested, they are going to go search for 
more.

To add more science investigations, Rachel started “Fun Fridays”, which she 
described as “some quick Friday science things that they can do within a short time. 
It has nothing to do with the full science unit I am doing at the time. That is so they 
can get in there and do a little experiment”.

Over the years, Rachel’s use of inquiry-based, student-centered strategies 
declined slightly (See Fig. 2). In interviews, she described continuing to use the SGI 
model promoted in the professional development but adapting it to take less time 
and to fit the students’ writing skills. She thought it was important for the students to 
“make predictions, observe, and chart what they’re observing, and then write about 
what the outcome was”. But she dropped some steps such as the engaging scenario 
and reduced the total amount of journal writing, focusing “more on the prediction 
with their writing and what they found”, because “the writing sometimes for first 
graders is too much”. At the time of Common Core State Standards implementation, 
a national initiative to establish consistent educational standards across the states 
in the U.S., Rachel expressed some concerns about having spent “the last 5-years 
building these programs” only to have “complete changes with the science curricu-
lum coming”.

When asked what would help her continue to teach science, Rachel identified 
funding and time for collaboration:

It would be nice to have more money. It’s always good to have time to col-
laborate with peers and build a stronger program. Schools never give us 
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enough time for that, to just collaborate with other teachers… and be able 
to build a stronger program that gets better every year instead of putting 
together a unit and using it over and over again.

Rachel was the only first grade teacher at her school who participated in the 
professional development program. After the program ended, she no longer 
collaborated with participants from other districts or even participants in other 
grade levels at her school. However, she reported discussing science with other 
first-grade teachers at some grade level meetings. Although the school did not 
have extra funding for science, Rachel benefited from other school-level factors. 
For example, the parent-teacher association contributed resources for a school 
science night and parents volunteered their time in classrooms. She stated that 
the parent support was particularly helpful when conducting science labs and 
pointed out that she had at least one parent for “the groundhog activity” and 
“four parents and myself when we dissected owl pellets”. Although Rachel 
reported varying levels of support with changes in school administrators (see 
Fig. 2), the principals typically allowed teachers flexibility in terms of curricu-
lum and instruction. The teachers were not required to adhere to daily schedules 
or strict pacing guides in mathematics and language arts and could opt to inte-
grate science with other subjects as they deemed appropriate. As she stated, “We 
are really on our own. Nobody tells us that we can’t teach it [science] or when 
we have to teach what… We can do it, but we have to find the money”.

Perhaps the most striking school-level factor that facilitated science instruc-
tion in the early elementary grades was time in the instructional day. The school 
enrolls students in grades kindergarten through eighth grade but has only one 
school bus run. Consequently, the instructional day extends from 8:15 a.m. to 
2:50 p.m. for all grade levels rather than only the upper grades. In interviews, 
Rachel acknowledged the challenge that most first grade teachers face trying 
to fit science into a shorter instructional day. She noted that while the longer 
instructional day allowed her to teach more science, it did not provide the time 
needed to “be prepped and ready to go the next day”. Despite the time required 
for preparation, Rachel viewed science as “the good part of the day”. As she 
summarized, “To be honest, the science part of teaching makes me happy. I like 
it, and I think the kids like it”.

Summary

After the professional development ended, Rachel’s instructional time in sci-
ence both increased and decreased over the years but remained higher than other 
teachers. Her students’ interest motivated her use of inquiry-based strategies, 
and she found ways to adapt investigations to take less time and better fit her stu-
dents’ skills. Rachel benefited from contextual factors such as flexibility in daily 
schedules, parent volunteers, and a bus schedule that increased the length of the 
instructional day.
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Robert

Teaching assignment

Robert taught second grade at the same elementary school throughout the 7-year 
period of the research. The school had a student population of approximately 860 
students, including 62% Hispanic students and 53% English language learners. Over 
90% of the students qualified for free and reduced lunch.

Change in instructional time

As shown in Fig. 3, the number of days that Robert taught science increased from 
1  day pre-program to 3  days after the program’s first year and stayed consistent 
thereafter. In contrast, the time allotted to a typical science lesson did not increase 
from pre-program but rather stayed about 30  min until dropping to 11–20  min 
4-years after the professional development ended.

Impact of professional development

Having completed a biology major in college, Robert stated that he “gained some 
content knowledge [from participating in the professional development] but prob-
ably benefited more from the methodology than the content”. The program provided 
opportunities for “collaborating with other teachers on ideas” and “trying out and 

Fig. 3  Change in teacher ratings related to (top left) instructional time: minutes per day in typical les-
son (10 or fewer = 0; 11–20 = .13; 21–30 = .25; 31–40 = .38; 41–50 = .5; 51–60 = .625) and days of sci-
ence instruction per week (none = 0; one = .2; two = .4; three = .6; four = .8; five = 1); (top right) principal 
support (1 = strongly disagree to 5 = strongly agree); (bottom left) self-efficacy (1 = low to 5 = high); and 
(bottom right) instructional strategies and student activities (1 = never to 5 = all or almost all)
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seeing what works with the kids”. For example, before the program, he was unsure 
how to carry out hands-on, inquiry-based activities with students: “I wasn’t sure 
what to do. I wasn’t really clear on what the standards were. You interact with other 
people and think, ‘I think the kids could handle that. I could do that in the class-
room’”. Once he began using the strategies, he recognized their value for students: 
“I wasn’t doing hands-on [before the professional development] and now I do. And 
they do remember and get it better when they experience it”. He found it helpful to 
have students “do the hand-on [activities] first” and “to predict what they think will 
happen” before reading about it in the textbook. For instance, he brought in fruit 
flies for students to follow the life cycle, and the class tried growing corn in different 
ways such as “taking away the light, taking away the water, putting it in a jar, cutting 
the roots off”. He reported that his students’ excitement about science motivated him 
and boosted his confidence in teaching it.

Factors that affected science instruction

Robert’s survey results show a rise in overall self-efficacy in teaching science yet 
a decline in his use of inquiry-based and student-centered instructional strategies 
(see Fig. 3). In interviews after the program ended, Robert repeatedly reported little 
change in his science instruction: “The things I’m doing now I just keep on doing… 
I like our textbook. I like our interactive workbook”. He pointed to the standards, 
the book, and the materials he had on hand as the primary factors influencing his 
decisions about science curriculum. In terms of science instruction, he identified 
time as the main constraint. The structure of the school day left “about an hour a 
day that is discretionary”. The content of instruction during that discretionary time 
depended on “what kind of work we need to get finished or if we are doing test-
ing and things”. For example, in one interview, Robert indicated that with the grad-
ing period approaching, “we have to get the writing test done and we have to finish 
something in math” during the discretionary time that week. He later suggested that 
“probably the major factor would be when we spend time on social studies instead 
of science”. Robert said that he used a shortened version of SGI about three to five 
times a year because “it is just time consuming to do it on a regular basis”. Each year 
in interviews, he referred to the same examples of inquiry-based lessons—observing 
the life cycle of the fruit fly and dissolving salt in water. As noted on Fig.  3, the 
amount of instructional time Robert devoted to science and his use of inquiry-based 
and student-centered instructional activities dropped after the program ended and 
again in the last year. He noted that the school had “a new writing program and that 
has affected” the time devoted to science. Consequently, science instruction more 
frequently became a 15-to-20-min textbook-based activity.

Although he “got a lot of good ideas” from other teachers involved in the profes-
sional development program, Robert stated that he did not maintain contact with them 
after the program ended. He initially shared ideas with another second-grade teacher 
who also participated in the program and who taught in the room next to his. But she 
retired, leaving him wishing for “at least one other teacher [at his grade level] that 
wanted to work together”. He participated in some school-sponsored professional 
development on English language development and Common Core strategies in the 
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years after the program ended, but had no additional professional development in 
science.

As shown in Fig. 3, Robert reported variations in principal support over the years. 
In interviews, he generally described administrators as supportive of science as long 
as teachers “get the key things done—and that is reading, writing, and math”. The 
school has a science lab, but Robert did not use it because his science instruction can 
be done in the classroom, which saves the time of walking students to and from the lab 
and reserving it in advance. To expand his teaching of science, Robert indicated that 
he would need “a mandate from the administration that we are supposed to teach sci-
ence × number of minutes per day… but that’s probably not going to happen unless the 
state says it will be tested” in the early elementary grades.

Summary

Although Robert made gains in self-efficacy in teaching science and appreciated the 
instructional strategies he learned through the professional development, he changed 
little about his teaching methods in science. With time constraints, little collegial sup-
port, and variations in principal support, he relied heavily on textbook-based instruction 
after the professional development ended and eventually reduced science to 15–20 min 
lessons.

Gabriela

Teaching assignment

Throughout the 3-year professional development and 4-year follow-up study, Gabri-
ela taught first grade at a small, rural school that enrolled fewer than 200 students in 
grades kindergarten to eighth. Given the small school size, there was only one teacher 
per grade level. The student population consisted of approximately 50% Hispanic and 
45% White students. Approximately 70% of the students qualified for free and reduced 
lunch, and approximately 27% of the students in the school were English language 
learners.

Change in instructional time

Prior to the professional development, Gabriela reported teaching science about 
3  days a week for 10  min or less (see Fig.  4). After the first year, her instructional 
time increased to lessons of approximately 40–50 min twice a week and then shifted 
to shorter periods of time on more days of the week. Her reported instructional time 
in science eventually increased to approximately 50–60 min 5 days a week but then 
dropped the following year to 20–30 min about three times a week.
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Impact of professional development

In each interview, Gabriela identified the collaboration and networking with other 
first grade teachers as a key benefit of the professional development. As the only first 
grade teacher at her school, she had not been able to work with a grade level partner 
on science curriculum and instruction. At the professional development meetings, 
Gabriela loved to talk with other first grade teachers, “pick their brains”, and work 
together to develop grade level science units. As she described,

We got more ideas and we got to problem solve and see things differently and 
say, “Oh, I had never thought of a certain concept in a certain way…”. It was 
just seeing somebody else’s perspective and seeing how they taught it and 
what works for them. I really don’t have that [at my school].

When the program ended, she especially missed that collaboration and pointed out: 
“Now, I’m by myself again”. Although she talked with the second-grade teacher 
who also participated in the professional development, they did not do joint plan-
ning because they “try not to teach the same thing”. Other teachers at her school 
seemed less invested in teaching science, and “the way they talk about it, they make 
it seem so hard”. Gabriela “did not want to be dragged down by that”, so she gener-
ally opted to “do my own thing’. Despite “negative feedback from other teachers” 
about the idea, she managed to start a school garden, and she worked with the sec-
ond-grade teacher to host a school science night for 2-years. When teachers started 
to resist coming back to school in the evening, the event ended.

Fig. 4  Change in teacher ratings related to (top left) instructional time: minutes per day in typical les-
son (10 or fewer = 0; 11–20 = .13; 21–30 = .25; 31–40 = .38; 41–50 = .5; 51–60 = .625) and days of sci-
ence instruction per week (none = 0; one = .2; two = .4; three = .6; four = .8; five = 1); (top right) principal 
support (1 = strongly disagree to 5 = strongly agree); (bottom left) self-efficacy (1 = low to 5 = high); and 
(bottom right) instructional strategies and student activities (1 = never to 5 = all or almost all)
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Gabriela appreciated other aspects of the professional development such as “the 
hands-on projects” and “how the scientists break down the information that would 
normally be very scientific into normal language”. She credited the 3-year program 
with boosting her confidence in teaching science, particularly physical science, and 
in using investigative strategies. Her overall self-efficacy and her use of inquiry-
based and student-centered instructional strategies increased during the professional 
development and declined somewhat after the program ended (see Fig. 4).

Factors that affected science instruction

In interviews, Gabriela stated that she continued to use hands-on, inquiry-based les-
sons developed during the professional development because “they make the science 
come alive [for the students]… And they love it because it is not just out of a book. 
It comes alive”. Instead of complaining about the writing involved, her students 
would ask “When are we going to do science again? When do we get to use our 
journals?” Beyond student interest, Gabriela viewed the strategies as improving stu-
dents’ ability to problem solve and willingness to make mistakes: “Once we started 
doing more science, they got more confidence in working things out and not getting 
frustrated as easily and being able to work problems out”.

Similar to other teachers, Gabriela identified time as a key constraint to teach-
ing more science: “It seems like we never have enough time to do everything. But 
I think [limited] time is the worst thing. We actually have to look at the clock, ‘Oh, 
we have to move on to the next thing’”. To address time constraints, she changed 
her instructional strategies “only a little bit”. She determined which topics, such as 
seasons, could be addressed in language arts or social studies and devoted more time 
in science to topics such as liquids and gasses that were best taught through the SGI 
model and experiments. With the SGI model, she modified some steps such as limit-
ing the number of objects in the kit inventory, writing out the engaging scenario for 
the students to read, and providing the first part of prediction sentences. But, for the 
most part, she opted “to just continue where we left off. It just takes a long, long 
time to complete a unit”.

Other teachers at her small school did not share her interest in teaching science, 
but Gabriela benefited from other forms of support at the school level. Although 
she reported less principal support after the professional development ended (see 
Fig. 4), Gabriela pointed out that the principal offered some flexibility in the sched-
ule and resource allocation. Each teacher received $250 a year to “use for anything 
we want”. She chose to use her funding for science. With respect to the schedule, 
Gabriela stated: “He [the principal] doesn’t tell us you just have to focus on lan-
guage arts and math. He lets me have the freedom of doing the science”. But the 
flexibility did not mean that she could devote as much time as she wanted to sci-
ence instruction: “You have to do your minutes for language arts, for math, and then 
basically what is left over, that is used for science or social studies or PE (physical 
education)”. Gabriela observed an increased focus on math and language arts in the 
school with the implementation of the Common Core standards. In the last year of 
this research, a change in the language arts schedule led Gabriela to decrease her 
instructional time in science to 20–30 min about three times a week. Specifically, 
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the school decided to group students and rotate these groups with different teachers 
for an additional hour of English language development. This change affected her 
instructional time with students and reduced by half the time she devoted to science.

Because Gabriela sees science as a vital part of the curriculum for her students, 
she strives to keep teaching it as much as possible: “For me, science is really impor-
tant, so I have to give them that time”. Gabriela stated that she needs to stay optimis-
tic and focus on her students’ interest and excitement for science. She summarized: 
“I just have to remember that what I’m doing is good, and they are learning”.

Summary

After the professional development, Gabriela managed to increase her instructional 
time in science to a high level before it dropped to a moderate amount due to a 
change in her school’s language arts schedule. She wanted to continue using inquiry-
based strategies due to the students’ interest and the learning that she observed. 
Though she lacked collegial support in her school, Gabriela benefited from modest 
funding to use for science, some flexibility in the daily schedule, and her personal 
drive to teach science.

Cross‑case discussion

Our cross-case analysis highlights five key findings related to sustainability of pro-
fessional development outcomes. First, all four teachers valued the professional 
development and gained both skills and confidence in teaching science, but all of 
them also faced constraints. Largely because of students’ reactions, the teachers 
expressed an ongoing desire to teach science using inquiry-based strategies that 
they learned in the professional development. When using hands-on, inquiry-based 
strategies, the teachers observed students’ increased engagement and excitement 
about science. Despite their desire to use these instructional approaches, the teach-
ers encountered constraints, particularly stemming from the emphasis on math and 
language arts. Across schools, the curriculum in the early elementary grades focused 
primarily on math and language arts, and the standardized testing focused exclu-
sively on those two areas. In one case, the school implemented a new writing pro-
gram that further decreased instructional time for science. At another school, the 
principal, due to the school’s status as a program improvement site, contracted with 
a program to try and raise student test scores in math and language arts. In some 
schools, teachers had more discretionary instructional time that could be devoted to 
science. Beyond the emphasis on math and language arts, teachers encountered var-
ied levels of resources, collaboration with colleagues, parent volunteers, and admin-
istrative support for teaching science

Second, constraints on instructional time led to less frequent or adapted use of 
inquiry-based strategies over time. Despite teachers’ positive views about SGI, they 
struggled to find instructional time to implement the full model, which included nine 
steps. Two of the teachers, Rachel and Gabriela, modified or eliminated some of the 
steps and trimmed the amount of writing for the early elementary students in order 
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to reduce the overall amount of time needed. Miranda reported using all of the steps 
but extending the time frame to complete the model, sometimes from days to weeks. 
Robert opted to use a shortened version of SGI for specific science topics several 
times a year, but he eventually reverted to frequent use of short textbook lessons in 
science. Only one of the four teachers ended up dropping inquiry-based strategies, 
but all of them reported changes in their use of these strategies over time.

Third, factors that influenced the instructional day affected science instruction 
in both positive and negative ways. For instance, strict pacing schedules at some 
schools left little time for science instruction, particularly on a consistent basis. As 
described above, teachers had less curricular flexibility at schools with increased 
pressure to raise student test scores. In contrast, at schools without strict daily sched-
ules, teachers could more easily fit science into their instructional plans, sometimes 
by integrating science with other subjects. The most unusual factor that facilitated 
science instruction for one teacher was the bus schedule. Since there was only one 
school bus run at this small, kindergarten through eighth grade rural school, all 
grades had the same instructional day. Consequently, Rachel had an extra hour a 
day, which enabled her to include more science instruction. These variations in the 
instructional day reflect the varying amounts of instructional time in science that 
teachers reported over the years.

Fourth, the professional development program bolstered individual level factors 
such as teachers’ skills and self-efficacy in science, but school level factors, such as 
principal support and resources, shifted over time and often worked against sustain-
ing instructional changes. The plots for the four teachers provide a visual representa-
tion of the shifts in their reported support from school principals. Over the 7-years 
of this study, all of the teachers worked with multiple principals. As new principals 
arrived, they often brought differing priorities and allocations of resources, which 
had both positive and negative effects on teachers’ science instruction. For example, 
a new principal at Miranda’s school ended up switching the family science night 
to a family literacy night. Gabriela benefited from an allocation of $250 that she 
opted to use on science, but she ended up reducing science instruction because of a 
change in the language arts schedule. Perhaps more influential on teachers’ science 
instruction was the amount of flexibility that principals afforded teachers in terms of 
curriculum and the instructional day. Rachel encountered differing levels of support 
as principals changed over the years, but, with each one, she retained the ability to 
determine her daily instructional schedule and the option to integrate science with 
other subjects. This flexibility, combined with other school level factors, led her to 
spend more instructional time on science than the other case study teachers.

Fifth, teachers with high personal commitment to teach science found ways to 
cope with constraints, but personal interest and coping mechanisms may not suf-
fice over the long term. The teachers who described personal motivation and interest 
were more likely to find ways to teach science and to continue using inquiry-based 
methods in their instruction. For example, Miranda highlighted her own fascination 
with science and described wanting to help students experience a similar passion 
for the subject. But she encountered contextual challenges such as the school’s des-
ignation as a program improvement site, a strict pacing schedule, a new program 
focused on raising students’ test scores in math and language arts, and four different 
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principals in 7-years. Despite these obstacles, she managed to continue using inves-
tigative strategies after the program ended and to slightly increase instructional time 
in science. In contrast, Robert referred to the textbook and standards as key influ-
ences on his decisions about teaching science. He noted students’ interest in hands-
on, inquiry-based activities, but over time, he ended up focusing more on math and 
language arts instruction and relying on short, 15-min, textbook-based activities in 
science. Without contextual supports or personal drive, Robert found it too challeng-
ing to sustain science instruction over time. Without contextual supports but with 
personal drive, Miranda continued to teach science in her second-grade classroom. 
But she modified her instructional strategies and taught science less frequently than 
other teachers.

Conclusion and implications

This research examined reported changes in early elementary teachers’ science 
instruction over a 7-year period that included their participation in a 3-year profes-
sional development program. The case studies of four teachers who had differing 
patterns of instructional time offer insights into the reasons why instructional shifts 
occur after professional development ends. Our findings highlight three key issues 
related to sustaining professional development outcomes in science.

First, these case studies suggest that contextual factors are as important as indi-
vidual factors in sustaining science instruction after professional development 
ends. A central focus of professional development programs is building teachers’ 
skills and individual abilities in order to improve classroom instruction in science 
(Banilower et al. 2007; Heck and Crawford 2004; Heck et al. 2006). Given the typi-
cally limited STEM backgrounds of rural teachers (Avery 2013; Arnold et al. 2004) 
and the challenge in providing content-specific professional development in rural 
schools (Harmon et al. 2007), changes in teachers’ abilities and confidence in teach-
ing science are critical. However, as this study illustrates, professional development 
may succeed in building teachers’ skills and self-efficacy in science teaching, but 
without supportive contextual factors, science instruction in the elementary grades 
is unlikely to be sustained over time. These case studies highlight how contextual 
factors both promoted and inhibited instructional time in science as well as teachers’ 
use of inquiry-based instructional strategies.

Second, the most challenging contextual constraints for teachers were a lack of 
instructional time and administrative support, stemming from competing curricular 
priorities, and limited ongoing opportunities to collaborate with other teachers. For 
the early elementary grades, the emphasis on math and language arts was particu-
larly influential across schools. But, at some schools, factors such as state designa-
tion as a program improvement site brought new programs and increased emphasis 
on those subjects. School principals also changed over the years; and, reflecting the 
difficult decisions facing administrators in rural settings (Farmer 2009), the changes 
also brought shifts in administrative priorities and support for science education. In 
addition, given the small school sizes, the teachers often had few or no grade-level 
colleagues at their school to collaborate with on developing inquiry-based science 
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instruction. The professional development offered regular opportunities for partici-
pants to collaborate with grade-level colleagues, but, given the distances between 
schools, those connections became more challenging to maintain after the profes-
sional development ended. Although the teachers maintained their ability and inter-
est in using investigative and inquiry-based strategies to teach science, they reported 
less frequent and modified use over time due to contextual challenges that were 
heightened in their rural settings. These contextual supports and constraints fluctu-
ated not only across schools but also from year to year.

Third, relying on teachers’ personal motivation to teach science in the face of 
ongoing contextual challenges is not a viable approach for sustaining science 
instruction over time. The case studies illustrate how an individual teacher’s inter-
est in science can be a positive contributing factor in decisions about instructional 
time and strategies. But personal motivation cannot compensate fully for a lack of 
supports at the school level. In rural schools, the competing and shifting contextual 
challenges that teachers encounter (Jimerson 2005) combined with limited organi-
zational support (Harmon et  al. 2007), stand to overwhelm the interest in science 
engendered by professional development. Rural elementary schools that are able to 
maintain high instructional time in science after professional development ends have 
supportive school contexts combined with teachers motivated by student interest in 
science (Sandholtz and Ringstaff 2016). When lacking supports, some teachers will 
find a way to include science in their curriculum, but they simply cannot allocate the 
same amount of instructional time as teachers in more supportive settings, whether 
in rural communities or other settings. Contextual constraints that continue over the 
long-term may gradually erode teachers’ commitment to teaching science, especially 
in the early elementary grades where science is not a required part of the curricu-
lum and in rural settings where teachers are more isolated and have less access to 
science-focused educational opportunities (Avery 2013).

Professional development plays an important role in science education reform 
efforts. But professional development outcomes are unlikely to persist over time 
without contextual supports for science instruction. Teachers’ professional skill 
in teaching science may be thwarted by policies and accountability measures that 
emphasize mathematics and language arts and fail to include science in the early 
elementary grades (Hayes and Trexler 2016; Judson 2013). Without policies that 
make science as important as mathematics and language arts in the early elementary 
grades, changes in science instruction stemming from professional development will 
continue to be challenging to sustain. Although those providing professional devel-
opment are typically not in a position to make changes to policies and other contex-
tual factors, they may be able to offer some supports for teachers such as follow-up 
sessions, materials and supplies, or other science-focused opportunities. More lon-
gitudinal studies that examine the influence of context on elementary teachers’ deci-
sions about instructional time and strategies in science are important to determine 
the types of supports that are workable and will promote sustainability of profes-
sional development outcomes.
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