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Abstract 

 

With the new goal of K-12 education being to prepare students to be college and 

career ready at the end of high school, education needs to start changing at the elementary 

school level. The literature suggests that teachers need reflective professional 

development (PD) to effectively teach to the new standards and to demonstrate change to 

their current instructional practices. This mixed-method multiple-case study investigated 

the impacts of a reflective professional development (PD) in changing elementary school 

teachers’ instructional practices.  

 Teachers Instructional Portfolios (TIPs) were scored with a TIP rubric based on 

best practices in teaching mathematics problem-solving and science inquiry. The TIPs 

were also analyzed with a qualitative coding scheme. Case descriptions were written and 

all the collected data were used to explain the impacts of the reflective PD on changes in 

teachers’ instructional practices. 

 While we found no predictive patterns in relation to teachers changing their 

classroom practices based on the reflective PD, we claim that teachers’ desire to change 

might contribute to improvements in instruction. We also observed that teachers’ self-

assessment scores tend to be higher than the actual TIP scores corroborating with the 

literature on the usage of self-assessment to evaluate teachers’ instructional practices. 
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Introduction 

The new approach to K-12 education in the United State is urgent in preparing 

students to be college and career ready. Our modern society is expecting students who 

finish high school to be ready to enter the workforce and perform high-level tasks, which 

increasingly demand strong background knowledge in fields such as science, technology, 

engineering, and mathematics (STEM). In addition, students who follow the college path 

will need to possess critical-thinking, problem-solving and analytical skills to be 

successful in freshman-level college courses and throughout their undergraduate 

programs (CCSSI, 2014; NRC, 2012).  

Schools are being held accountable for making the necessary changes so students 

possess the new skills our society is requiring. However, for that to be accomplished, 

teachers will need to learn how to teach these new skills that are key to college and career 

readiness (CCR). To better facilitate students’ learning and support their efforts to 

accomplish the goals of the “21st century education”, teachers need to be well-prepared 

and ready to foster students’ autonomy in being proficient in STEM content as well as in 

the use of higher-order thinking skills (HOTS) (NRC, 2012).  

When addressing the specific skills necessary to be CCR, new instructional 

practices need to be in place. For inquiry-based science and inquiry-oriented 

mathematics, authority over content needs to be shifted away from teachers so they can 

act as facilitators and supporters of students’ scientific learning and sense making of 



2 
 

 

mathematics (Anderson, 2002; Hiebert et al., 1997). Conceptual understanding and 

HOTS both need to be targeted when planning and implementing units of study as well as 

multiple opportunities for students to construct meaning, apply content and practice 

HOTS need to be provided so students can be active learners and further develop their 

understanding about the world (Anderson, 2002; Hiebert et al., 1997; Minner et al., 2010; 

Stein et al. 2009). Black and Wiliam (1998) reinforce the importance of the use not only 

of summative but also formative assessments with feedback from teachers so students’ 

misconceptions are addressed and assessment data is used to improve instruction.  

In order to succeed in implementing these instructional practices, which 

contribute to students being CCR at the end of high school, change needs to start at the 

elementary school level. Dougherty (2013) points out four reasons to explain why early 

learning is important in order for students to be college and career ready at the end of 

high school:  (1) learning takes time, (2) learning is cumulative, (3) student interests often 

develop at an early age, and (4) empirical evidence shows the difficulty of catching 

students up in middle and high school (p. 2). However, it is very difficult to start teaching 

for STEM content and HOTS in the early stages of learning as suggested by Dougherty 

(2013), because (1) teachers haven’t experienced that kind of instruction themselves and 

(2) typical elementary school instruction is characterized by rote memorization, fact-

based instruction over higher order thinking (Gulamhussein, 2013, Linn et al., 2006; 

Schoenfeld, 1988). For this reason, it is recommended to provide professional 

development for elementary school teachers so they receive the necessary support to 
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implement the essential instructional practices to prepare young students to be ready for 

middle and high school (Dougherty, 2013).  

Considering professional development one of the answers to addressing teachers’ 

inexperience with CCR instructional practices that will target the new goals of the 21st 

century education, Ingvarson et al. (2005) argue “professional development for teachers 

is now recognized as a vital component of policies to enhance the quality of teaching and 

learning in our schools” (p. 2). Nevertheless, not every kind of professional development 

can promote teachers’ understanding and ability to implement these new instructional 

practices. Gulamhussein (2013) suggests that the “real issue isn’t that teachers aren’t 

provided professional development, but that the typical offerings are ineffective at 

changing teachers’ practice or student learning” (p. 1). Specific professional development 

needs to be planned and delivered to foster change and better implementation of teachers’ 

instructional practices.  

Guskey (2002) emphasizes that there is need for professional development to 

provide teachers with extra time to practice the new skills being acquired, to ensure that 

teachers will receive feedback on student learning progress, and to provide follow-up and 

support during the process. Adding to Guskey’s points regarding professional 

development, Ingvarson et al. (2005) points to the need for a content focus, with active 

learning, and collaborative examination of student work for effective professional 

learning to happen. Summarizing the characteristics of successful professional 

development, Elmore and Burney (1997) state: 
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it focuses on concrete classroom applications of general ideas; it exposes teachers 
to actual practice rather than to descriptions of practice; it offers opportunities for 
observation, critique, and reflection; it provides opportunities for group support 
and collaboration; and it involves deliberate evaluation and feedback by skilled 
practitioners with expertise about good teaching. (p. 263). 

It is clear that effective professional development needs to include the characteristics 

proposed by the above authors: collaboration between teachers, feedback from experts, 

follow up, and opportunities for teachers to reflect on their own practice to have an 

impact on teachers’ instructional practices. 

 From all the characteristics already cited, reflection is reported to “be the key to 

teacher learning and development” (Shulman & Shulman, 2004, p. 264). Harnett (2012) 

points out the importance of teachers taking the time to reflect on their own actions to 

enhance their own professional practice. Contributing to that, Ferraro (2000) states, that 

for teachers, the primary benefit of reflective practice is an understanding of their own 

teaching and learning. Harnett (2012) argues, “if professional development is to bring 

about lasting change it must involve the teachers concerned in analyzing, critiquing, 

reflecting upon, and improving their own classroom practice” (p. 382). Reflective 

professional development seems to be an effective opportunity for teachers to implement 

new instructional practices, reflect about their implementation and change their practice 

based upon what they have reflected on. 

Parise and Spillane (2010) suggest “there is great faith among school reformers 

and education researchers that augmenting the learning opportunities of practicing 

teachers will enhance teacher performance and lead to improved student outcomes” (p. 
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324).  Even though teachers’ professional development is extremely important to 

accomplish the goals of 21st century education, it does not make sense to provide teachers 

with opportunities to experience professional development without studying whether it is 

actually contributing to changes in teachers’ instructional practices. Guskey (2002) 

reinforces that “in the absence of evidence of positive change in students’ learning, […] 

significant change in the attitudes and beliefs of teachers is unlikely” (p. 386). In 

consideration to Guskey’s assertion, Gulamhussein (2013) illustrates how teachers’ and 

students’ change can represent a Catch-22:  

to internalize a practice and change their beliefs, teachers must see success with 
their students, but student success is very hard to come by initially, as learning 
new skills takes several attempts to master. Crafting effective professional 
development means confronting this reality and building a significant amount of 
support for teachers during the critical implementation phase in one’s actual 
classroom. (p. 12). 

For this reason, before we can even investigate students’ learning as a result of 

professional development, we need to investigate whether it is changing teachers’ 

instructional practices.  

The purpose of this mixed-methods, multiple-case study is to investigate the 

power of reflective professional development in changing elementary school teachers’ 

instructional practices. Teachers Instructional Portfolios (TIP) about mathematics and 

science integrated units from first and second implementation were analyzed from eight 

elementary school teachers. Both quantitative and qualitative analyses were conducted 

using a rubric (Saxton & Rigelman, unpublished) and researchers-developed coding 

schemes to characterize the changes in teachers’ instructional practices.  
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Literature Review 

The literature review for this study is focused on understanding effective 

instructional techniques for science and mathematics teaching and learning and how 

those strategies can be fostered in professional development (PD) to create change in 

teacher’s instructional practices. A first section, entitled Inquiry and Problem-Solving-

Based Teaching and Learning, reviews methods that are widely accepted as effective in 

science and mathematics teaching. Two research papers and a review of the Framework 

for K-12 Science Education provide an overview of inquiry-based learning and two other 

papers inform about mathematics problem-solving education. Those five references are 

used as the theoretical foundation for this research. A second section, entitled 

Professional Development, describes effective characteristics of professional 

development in general and also presents examples of successful PD programs. Finally, 

the last section, entitled Reflective Professional Development and Change in 

Teachers’ Instructional Practice, presents two articles about the importance of 

reflective professional development to achieve change in teachers’ instructional practices. 

Inquiry and Problem-Solving-Based Teaching and Learning 

Anderson (2002) presents an overview of inquiry in science education (starting 

with the National Science Education Standards document), including multiple meanings 

of the term, and the value of inquiry as an instructional practice. According to the author 

and his review of the National Science Education Standards (NSES), the term inquiry 
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refers to the scientific inquiry that motivates scientists to research; it also is used as the 

“heart of learning”, as an active learning process in which students are engaged. Finally, 

Anderson states inquiry as a teaching methodology, more specifically a science teaching 

methodology, citing the NSES: inquiry “refers to the activities of students in which they 

develop knowledge and understandings of scientific ideas, as well as understanding of 

how scientists study the natural world” (p. 2).  When it comes to science education 

research results, Anderson analyzes a wide range of recent and older studies that 

demonstrate a positive impact of inquiry teaching on student’s skills, attitudes towards 

science and cognitive achievement. At the same time, Anderson states more research is 

under way to better demonstrate all the positive impacts of science inquiry in students’ 

learning. In fact, more research is necessary because there is resistance from parents, 

teachers, policy makers that are “not convinced that these objectives are as important as 

more specific knowledge of vocabulary and facts” (p. 6).  

Later, the author analyzes the question of whether teachers are capable of 

implementing inquiry learning for their students and he reports that research so far was 

positive “under the right circumstances” (p. 7). He also highlights that it is important to 

understand the difficulty of doing so. Teachers need to learn “how to teach 

constructively, acquire new assessment competencies, learn new teaching roles, learn 

how to put students in new roles and foster new forms of student work” (p. 8) which can 

conflict with their beliefs and the methods they developed in their prior experiences and 

trainings. Finally, Anderson emphasizes that collaboration is a “powerful stimulus for the 
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reflection” (p. 9); this observation applies to students that collaborate with each other and 

their teachers in reaching their own conclusions but also teachers relationships with other 

teachers, which can be helpful to overcome difficulties in training good teachers and 

“change beliefs, values and understandings” (p. 9). 

Building on Anderson’s work, Minner et al. (2010) synthesize research results 

from 1984 to 2002 in Inquiry-Based Science Instruction. They define inquiry learning 

similarly to Anderson (2002): “Learners are engaged by scientifically orientated 

questions; learners give priority to evidence (…), learners formulate explanations (…), 

learners evaluate their explanations (…), learners communicate and justify their proposed 

explanations” (Minner et a., 2010, p. 476). A total of 138 studies were considered and 

51% of those report positive impacts of inquiry science instruction, which does not 

represent a statistically significant association of inquiry to increased conceptual learning. 

However, Minner et al. (2010) emphasize that “subsequent model refinement indicated 

that the amount of active thinking, and emphasis on drawing conclusions from data, were 

in some instance significant predictors of the increased likelihood of student 

understanding of science content” (p. 493).  

Finally, the authors highlight that of all comparative studies, more than half had 

significant statistical evidence of a benefit, especially the ones involving hands-on 

activities and “emphasis on student responsibility” (p. 493). While this data is not 

“overwhelmingly positive” (p. 493), it demonstrates a trend that “instruction within the 

investigation cycle has been associated with improved student learning” (p. 493).  
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The Framework for K-12 Science Education: Practices, Crosscutting Concepts, 

and Core Ideas (2012) adds to the above conversation about engaging students in 

scientific inquiry by acknowledging that it requires coordination of both content and 

higher order thinking skills. The authors state, “engaging in the practices of science helps 

students understand how scientific knowledge develops; such direct involvement gives 

them an appreciation of the wide range of approaches that are used to investigate, model, 

and explain the world” (p. 42). In addition, including scientific inquiry in teaching and 

learning can foster students’ curiosity, motivate them to learn, and deepen their 

understanding of the work of scientists and engineers.  

To better include science inquiry and engineering design in the classrooms, the 

framework suggests the implementation of eight practices: (1) asking questions (for 

science) and defining problems (for engineering), (2) developing and using models, (3) 

planning and carrying out investigations, (4) analyzing and interpreting data, (5) using 

mathematics and computational thinking, (6) constructing explanations (for science) and 

designing solutions (for engineering), (7) engaging in argument from evidence, and (8) 

obtaining, evaluating, and communicating information. It is not expected of students to 

develop new scientific theory, but to use theory-based models to argue, build 

explanations and demonstrate understanding of scientific viewpoints. In summary, the 

framework argues, “students’ opportunities to immerse themselves in these practices [the 

8 practices cited above] and to explore why they are central to science and engineering 
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are critical to appreciating the skill of the expert and the nature of his or her enterprise” 

(p. 47). 

Addressing mathematics education, Hiebert et al. (1997) state that it is crucial that 

students learn mathematics with understanding. The authors identify that students “need 

problem-solving methods that can be adapted to new situations, and they need the know-

how to develop new methods for new kinds of problems” (p. 1). Hiebert et al. also 

suggest a framework for thinking about classrooms and the practice of mathematics. 

They emphasize that the framework can lead teachers to reflect on their practice and to 

identify possible changes in their mathematics instructional practices. Their framework 

has five dimensions: “(1) the nature of the learning tasks, (2) the role of the teacher, (3) 

the social culture of the classroom, (4) the kind of mathematical tools that are available, 

and (5) the accessibility of mathematics for every student” (p. 2). 

With Hiebert et al.’s (1997) framework as a background for teachers’ reflection, 

teachers can keep students engaged in mathematics by providing opportunities for 

students to understand math since they begin to practice it.  The authors advocate that 

student learning with understanding means to learn “skills so they are remembered, can 

be applied when they are needed, and can be adjusted to solve new problems” (p. 6). 

Three characteristics are proposed for tasks to foster students’ learning mathematics with 

understanding: (1) the subject of the task needs to be problematic for students, (2) the 

task needs to be based on students’ background knowledge, and (3) the task should 

engage students in thinking about important mathematics concepts and skills. In 
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summary, mathematical tasks should be viewed as “opportunities to explore mathematics 

and come up with reasonable methods for solution” (p. 8).   

Stein et al. (2009) analyzed mathematics instructional tasks in terms of their 

cognitive demands. Citing the Professional Standards for Teaching Mathematics, the 

authors state that 

opportunities for student learning are not created simply by putting students into 
groups, by placing manipulatives in front of them, or by handing them a 
calculator. Rather, it is the level and kind of thinking in which students engage 
that determines what they will learn. (p. 11). 

Students are led to distinct opportunities depending on the level of cognitive demand the 

mathematical instructional task they are supposed to do requires. Since teachers are the 

ones selecting the tasks to be used in their classrooms, they need to learn how to 

differentiate each task based on the level of cognitive demand. Stein et al. exemplify 

close relationship between the learning goals and the selected task by arguing “if a 

teacher wants students to learn how to justify or explain their solution processes, she 

should select a task that is deep and rich enough to afford such opportunities” (p. 12).  

 Next, the authors characterize the cognitive demand of mathematical tasks in four 

levels. The first two levels are low in cognitive demand: (1) memorization and (2) 

procedures without connections to understanding, meaning and concepts. The next two 

levels are considered high in cognitive demand: (3) procedures with connections to 

understanding, meaning, or concepts and (4) doing mathematics. Stein et al. (2009) assert 

that not all mathematical tasks should engage students in challenging cognitive demand 
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activities. Lower-level cognitive demands tasks are important to “improve students 

performance on tests that consist of low-level items and may lead to greater efficiency of 

time and effort in solving routine aspects of problems that are embedded in more 

complex tasks” (Stein et al., 2009, p. 15). 

 When analyzing mathematical tasks, it is important to look beyond the surface of 

the task to be able to understand what kind of thinking it requires. Stein et al. (2009) 

suggest that when designing a mathematics task, the teacher should consider the learning 

goals of student performance as well as the appropriate level of challenge for their 

students’ cognitive ability. Finally, the authors urge teachers to provide students with 

opportunities to “engage with tasks that lead to deeper, more generative understanding 

regarding the nature of mathematical processes, concepts, and relationships” (p. 15).   

 Black and Wiliam (1998) present their conclusions about formative assessment 

based on an extensive literature review they had published prior to 1998. The authors 

state that an assessment becomes formative when “the evidence is actually used to adapt 

the teaching to meet student needs” (p. 140). Black and Wiliam emphasize the 

importance of formative assessment to raise achievement overall, indicating the need to 

include feedback on students’ work, and to actively involve students in their own 

learning. The authors state that “feedback to any pupil should be about the particular 

qualities of his or her work, with advice on what he or she can do to improve, and should 

avoid comparisons with other pupils” (p. 143). Feedback on students’ work is one of the 
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instructional practices that the authors believe needs significant improvement in order to 

be successful as an assessment practice. 

The authors found out in their literature review that the way formative assessment 

is being used in the classroom is not appropriate and that it needs to be better developed 

to increase its impact on student learning. One way suggested by Black and Wiliam to 

improve formative assessment is to provide students with genuine opportunities for them 

to self-assess. The authors argue “opportunities for pupils to express their understanding 

should be designed into any piece of teaching, for this will initiate the interaction through 

which formative assessment aids learning” (p. 143). They conclude their review by 

stating that formative assessment is an important component of classroom practice and 

when it is well implemented, it can raise standards of achievement.  

In summary, the Inquiry-Based and Problem-Solving Teaching and Learning 

section presents a review of effective practices in science and mathematics teaching that 

are the foundation of this research study. For science, it highlights the importance of 

scientific inquiry, students’ collaboration and active engagement, and opportunities for 

content and higher order thinking skills to be taught, practiced and applied together. With 

the framework for science education, the eight science inquiry and engineer design 

instructional practices are presented and a justification for its implementation is provided. 

For mathematics, it emphasizes the nature of the problem-solving task and the 

importance of learning mathematics with understanding. Formative assessment is also 

seen as an instructional practice that needs improvement but when well developed can 
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contribute to raise standards of achievement. All those characteristics of effective 

teaching and learning are considered in this study in hopes to observe changes in 

teachers’ instructional practices when participating in a reflective professional 

development opportunity. 

Professional Development 

 Guskey (2002) presents a model of teacher change based on professional 

development (PD). The author starts by defining PD programs as “systematic efforts to 

bring about change in the classroom practices of teachers, in their attitudes and beliefs, 

and in the learning outcomes of students” (p. 381). Then, some reasons for PD to fail are 

exposed: (1) not taking into consideration what motivates educators to engage in PD, and 

(2) not considering the “process by which change in teachers typically occurs” (p.382). 

Guskey notes that teachers indicate their own success in teaching based on students’ 

performance. Considering that, Guskey points out “what attracts teachers to professional 

development, therefore, is their belief that it will expand their knowledge and skills, 

contribute to their own growth, and enhance their effectiveness with students” (p. 382).  

A model of teacher change is proposed in view of professional development that 

first wants to change teachers’ beliefs and skill sets to then impact students’ learning 

outcomes. According to Guskey’s alternative model, “significant change in teachers’ 

attitudes and beliefs occurs primarily after they gain evidence of improvements in student 

learning” (p. 383) In support of this model, the author presents a variety of studies where 
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teachers only became committed to a new practice after they had observed the impact of 

it in their students. Further, Guskey describes a similar model proposed 100 years ago to 

illustrate the relationship between behavioral response and emotion. Finally, he identifies 

three principles that should guide program developers when planning PD to ensure 

success: “(1) recognize that change is a gradual and difficult process for teachers; (2) 

ensure that teachers receive regular feedback on student learning progress; and (3) 

provide continued follow-up, support and pressure” (p. 388). At the end Guskey 

concludes, “careful attention to the order of change events described in this model is 

likely not only to facilitate change-making, but also to contribute to the endurance of 

change” (p. 389). It is important to understand that the process for teachers to change 

instructional practice through professional development is complex and follows a general 

pattern where teachers first change their classroom practice, then a change in student 

learning outcomes occurs, and finally teachers’ beliefs and attitudes are changed. 

 In another study, Ingvarson, Meiers, and Beavis (2005) examined the “effects of 

structural and process features of professional development programs on teacher’s 

knowledge, practice and efficacy” (p. 2). The authors combined data from four studies to 

report their results from 3250 teachers. Those teachers participated in more than 80 

different professional development opportunities and completed a common survey 

instrument, providing a possibility for a cross-program analysis. Teachers were surveyed 

at least three months after participating on the PDs and that caused a response rate 

average of 50%. The authors developed a framework to evaluate the effectiveness of PD 
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programs based on four impacts resulting for trainings: knowledge, practice, student 

learning, and teacher efficacy. Further, they created an instrument (4-point scale) to 

measure the research-based critical features of PD: content focus, follow up, active 

learning, feedback, and collaborative examination of student work.  

Ingvarson et al. argued that “the quality of impact of a program should not only be 

measured in terms of whether it meets the developers’ objectives, but also in terms of the 

extent to which the program moves teachers’ practices towards those associated with 

research-based standards for effective teaching” (p. 10). In summary, they found that the 

“opportunities to learn” (content focus, active learning, follow-up, collaborative 

examination of student work, and feedback on practice) had the largest effect on PD 

program outcomes as measured by teacher report. The authors suggest that one of the 

most significant findings from their study was “how rarely designers built in 

opportunities for feedback and coaching in the workplace, despite research on their 

centrality to learning new and complex skills” (p. 18). They also concluded that the 

impact of the PD on teachers’ efficacy was related to the impact of teachers’ instructional 

practices on their students’ learning outcomes. 

 Elmore and Burney (1999) documented, described and analyzed an attempt to 

“use professional development to mobilize knowledge in the service of systemwide 

instructional improvement” (p. 264). The authors chose to report on the Community 

School District 2 (CSD) in New York because this district had a unique systematic way 

of implementing PD. CSD professional development plan had been implemented for 8 
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years when Elmore and Burney wrote their report and the district’s main goal was to 

improve teaching and learning in the schools.  

Elmore and Burney describe the five major categories used to create the CSD 

professional development model. The first of those categories include a professional 

development laboratory where visiting teachers spent 3-4 weeks observing and practicing 

in resident teachers’ classrooms. The second category was the investment in hiring 

instructional consultants who worked directly with the teachers at each school site. Peer 

network and visits to other school sites were the third category and fostered the contact of 

teachers and principals with exemplary practices. In addition to those 3 categories, the 

district also offered off-site training during the summer and school year to promote 

content-focused training over a long term. The fifth category was oversight and principal 

visits to review the performance of the schools as well as to provide opportunities for 

district staff to know a lot more about the schools.  

Elmore and Burney suggest that this PD model worked because it implemented 

strategies to succeed. It did not try to “change all dimensions of teaching practice at once, 

but that it sets in motion a process for making changes in teaching practices, and it 

creates the expectation that these changes will reach deeply and broadly in the system” 

(p. 281). Finally, the authors report the main characteristics of successful PD as:  

it focused on concrete classroom applications of general ideas; it exposes teachers 
to actual practice rather than to descriptions of practice; it offers opportunities for 
observation, critique and reflection; it provides opportunities for group support 
and collaboration; and it involves deliberate evaluation and feedback by skilled 
practitioners with expertise about good teaching. (p. 263).  
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In summary, the section about Professional Development provided a definition of 

professional development as well as an alternative PD model for teacher change (Guskey, 

2002). Further all studies in some way emphasize that for teachers’ instructional practices 

to change, it is necessary to have evidence of student learning improvement. Examples of 

successful PD implemented were described and analyze (Elmore and Burney, 1999; 

Ingvarson, et al., 2005) as well as the characteristics of successful PD were shared 

(Elmore and Burney, 1999; Guskey, 2002; Ingvarson et al., 2005) serving as a foundation 

for this research study.   

Reflective PD and Change in Teachers’ Instructional Practice  

 Ferraro (2000) wrote a short review of the importance of reflective practice in 

education. She uses the definition proposed by Schon (1996) to state “reflective practice 

involves thoughtfully considering one’s own experiences in applying knowledge to 

practice while being coached by professionals in discipline” (p. 2). Further, the author 

reinforces the importance of building a unique background for reflection that should be 

specific to every teacher and teacher’s own experiences. 

 Next, Ferraro (2000) argues, “critical reflection upon experience continues to be 

an effective technique for professional development” (p. 3). Moreover, effective teaching 

practice has also been linked to “inquiry, reflection, and continuous professional growth” 

(p. 5). Finally, the author emphasizes that reflective practice has a benefit to teachers’ 
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deeper understanding of their own teaching style, improving their effectiveness as 

teachers.   

Harnett (2012) investigated the effects of teachers’ reflection on their own 

practice. As Ferraro, Harnett (2012) also reinforced the need for teachers to reflect 

critically to enhance their professional practice. The author implemented an action 

research project with two elementary school teachers that had a reflection day where the 

researcher asked probing questions to encourage those two teachers to reflect on their 

lessons.  

 The author claims that there was a discrepancy between what teachers believed 

they were doing in the classrooms and what they were really doing. Harnett (2012) also 

asserts that when teachers engage in reflective opportunities, they are “pulled out” of the 

“automatic pilot” mode to be become grounded in deep understanding of their own 

teaching and learning (p. 379). In addition, the author supports the idea that “unless 

teachers are assisted to develop their reflective skills to the point where they are able to 

critique and monitor their own behavior in the classroom, such routinised [sic] and 

unreflective practice will be unlikely to change” (p. 382). Finally, Harnett urges for 

professional development to include teachers’ analysis, critique and reflection upon 

improving their own instructional practices. 

 In summary, the section about Reflective Professional Development and Change 

in Teachers’ Instructional Practice presents a definition of reflective practice and its 
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importance to teachers’ education programs. This section emphasized the necessity of 

professional development to include opportunities for teachers to reflect on their own 

teaching to be able to change their instructional practices. 

Summary 

Inquiry and problem-solving-based teaching and learning is widely recognized to 

be a collection of successful teaching practices, especially when applied to science and 

mathematics. In comparison with a traditional format where students receive knowledge 

from the teachers, the inquiry and problem-solving-based teaching stimulates students to 

provide their own conclusions by being challenged with questions that can be answered 

with hands-on activities and by practicing higher order thinking skills.  One problem that 

arises with the implementation of inquiry and problem-solving-based teaching is the need 

to support and educate teachers so they can acquire new instructional practices.  

To support teachers’ implementation of inquiry and problem-solving-based 

strategies, the next section of this literature review reviewed three papers about 

professional development. The articles provide examples of successful PD programs 

(Ingvarson et al., 2005; Elmore and Burney, 1999) and presented a PD model of teacher 

change (Guskey, 2002). The studies also highlighted that the success of PD programs 

depend upon teachers’ change in instructional practices that will have positive effects on 

students’ learning. All three-research articles emphasize the characteristics of successful 
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PD (collaboration between teachers, feedback on teachers’ practice, follow up and 

reflection) and serve as a foundation for this study.  

Finally, the last two articles, in the last section, are specifically about reflective 

PD and its relevance to teachers changing their instructional practices. Both papers 

suggest ways to implement reflection in professional development, providing examples 

of successful experiences. However, there is not a significant amount of research articles 

specific about the impacts of reflective professional development in changing teachers’ 

instructional practices, indicating that more research in this field is necessary. 

All the research studies summarized in this literature review contribute to the 

knowledge that serves as a foundation to this thesis investigation. Understanding the 

factors that contribute to change in teachers’ instructional practices within inquiry and 

problem-solving-based learning will support the findings of this study about a reflective 

professional development experience.  

Research Question 

 This study investigates the impact of reflective professional development in 

changing elementary school teachers’ instructional practices by using a mixed-methods 

approach to better understand teachers’ practices. 
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Methods 

Overview 

The goal of this multiple-case study was to investigate the influence of reflective 

professional development on teachers’ instructional practices, by conducting an in-depth 

investigation of selected cases. 

This research investigated eight elementary school teachers that submitted 

Teacher Instructional Portfolios (TIP) for a professional development workshop 

(described below). This study used a mixed-methods approach to analyze and accomplish 

its goal. First, the TIP for each teacher was scored using the TIP rubric developed by 

Saxton and Rigelman (unpublished) based on best instructional practices. Next, reflective 

questions posed by the researchers about each TIP were coded following the TIP rubric 

categories. The qualitative code was used to score teacher’s written reflections and the 

audio from each reflective professional development session.  Finally, a detailed case 

description was written for 4 out of the 8 teachers who participated in this study.  

Rigelman and Saxton developed a three-year long professional development 

program about integration of science and mathematics to elementary school teachers. 

This three-year long research project and professional development collected data from 

around 20 elementary school teachers. It was entitled Connect2MATH and 

Connect2SCIENCE: Proficiency and Inquiry-Based Teaching in Math and Science. This 

thesis is based on a reflective PD day that was part of this three-year long PD project.  
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The main instrument used for this research was the Teacher Instructional Portfolio 

(TIP). Saxton and Rigelman collected TIPs from elementary school teachers from grades 

third to fifth about an integrated math and science unit. The TIPs had three main sections: 

knowledge, skills and experience (KSE) outcomes, assessment, and pedagogical strategy 

reflections. The Data Sources section of this thesis presents a detail description of the TIP 

as well as other data sources used in this study. 

Participants 

 Context. The participants of this study were eight elementary school teachers of 

grades three through five. They participated in the three-year long professional 

development (PD) project provided by Portland State University’s Center for Science 

Education in conjunction with school districts from the Portland metropolitan area. The 

first sessions of the PD that are relevant to this research study happened during the 

summer of 2011 (content courses and Connect2INTEGRATION). After that, the teachers 

had an opportunity to implement mathematics and science integrated units in the 

following school year (2011-2012). By spring 2012, teachers turned in their TIPs and 

participated in the reflective session of the PD. During the summer, teachers took content 

courses once again. Those teachers had a chance to modify their planned integrated units 

during the following school year based on their reflections during the PD. By spring 

2013, they had implemented a revised version of the same integrated unit, turned in their 

TIPs for year three (second implementation on the integrated units) and also participated 

in the last reflective session of the PD relevant to this study, even though their units were 
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not the focus of the discussion. Those teachers were invited to participate in the research 

and all voluntarily agreed to participate. The selection criteria for these educators to 

participate in the grant was based on the fact that they were considered leaders in their 

schools, as well as in the professional development program and had at least three years 

of teaching experience.  

 Number of cases. From the eighteen lead teachers who agreed to participate in the 

three-year long PD project, only eight were able to revise and teach their integrated units 

a second time. Some of the teachers were assigned to a different grade level or switched 

to a different school, and therefore not able to take part in this study. The eight teachers 

submitted all the requested materials from their integrated mathematics and science unit 

and continued to participate in PD the following spring conforming to the expected 

criteria to be included in this research. 

 Teacher demographics. All teachers who agreed to be involved in this 

investigation provided their consent to the researchers to use their unit materials as well 

as other data sources for the purpose of this research. Further, they completed the Survey 

of Enacted Curriculum (SEC) providing information about their own demographics, 

education, and teaching experience. This information is summarized in Table 1.  
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Table 1 
 
Demographics, Experience and Education of Participating Teachers from SEC 
 

Teacher Gender Ethnicity Teaching 
Experience (years) 

Years Teaching at 
Current School 

Highest 
Degree 

Mary F American 
Indian/ Alaskan 

Native 

3-5 Less than 1 BA or BS 

Linda F White 6-8 3-5 MA or MS 

Jennifer F White More than 15 More than 15 MA or MS 

Susan F Black/African 
American 

1-2 1-2 MA or MS 

Nancy F White 9-11 3-5 MA or MS 

James M White 9-11 9-11 MA or MS 

Laura F White 9-11 9-11 MA or MS 

Donna F White More than 15 More than 15 BA or BS 

 

Courses Taken by Participants. All teachers who participated in this study took 

courses during the summer of 2011 and 2012 to support their content knowledge. Also, in 

the summer of 2011, all educators were involved in a course called 

Connect2INTEGRATION where they developed their mathematics and science 

integrated units. Table 2 provides information about the courses taken by each teacher. 
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Table 2 
 
Courses Taken by Each Teacher During the Summer of 2011 and Summer of 2012 
 

Teacher Courses Taken in the Summer 2011 Courses Taken in the Summer 2012 

Mary Connect2Integration, and 
Connect2Science: Earth Space 

Connect2Science: Physical Science 

Linda Connect2Integration, and 
Connect2Science: Physical Science 

Connect2Math: Geometry, 
Connect2Math: Measurement, and 
Connect2Science: Earth Space 

Jennifer Connect2Integration, and Connect2Math: 
Fractions 

Connect2Science: Earth Space, and 
Connect2Science: Physical Science 

Susan Connect2Integration, and 
Connect2Science: Earth Space 

Connect2Math: Geometry, 
Connect2Math: Measurement, and 
Connect2Math: Whole Number 

Nancy Connect2Integration, and 
Connect2Science: Physical Science 

Connect2Math: Whole Number, and 
Connect2Science: Physical Science 

James Connect2Integration, and 
Connect2Science: Through Nature 

Connect2Math: Whole Number, and 
Connect2Science: Earth Space 

Laura Connect2Integration, and 
Connect2Science: Physical Science 

Connect2Math: Whole Number, and 
Connect2Science: Earth Space 

Donna Connect2Integration, and 
Connect2Science: Physical Science 

Connect2Math: Geometry, 
Connect2Math: Measurement, and 
Connect2Science: Earth Space 

 

Study Design 

This mixed-methods case study assessed the Teachers Instructional Portfolios 

using the TIP rubric, a qualitative coding scheme focused on the three categories 

presented on the TIP rubric, questions posed by the researchers on the TIPs, audio from 

the reflective professional development section coded with the qualitative coding scheme, 

written reflections from the reflective data day, self-assessment and result in a holistic 

case description of each of the four teachers who were studied in-depth. Table 3 presents 
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Detailed TIP Instructions – Year 3 
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Pedagogical Strategies 

This section should contain your reflections of, and about, the instructional strategies you 

used while teaching the integrated unit. It may also contain artifacts that you feel are 

important to help you illustrate the strategies you use when teaching your integrated unit. 

Please make sure to fill out the attached reflection prompts during or at the end of the unit. 

 

Use the 3 ring binder to document the pedagogical strategies used in your unit. Insert any 

artifacts in order they are used so the sequence of events is clear. 

 

Please make sure you include: 

 

• Reflections about the pedagogical strategies used (see attached prompts) 

• Any artifacts that demonstrate pedagogical strategies that were used (i.e. handouts 

you give students about group work, notes from class discussions, etc) 
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Integrated Unit    C2M-C2S Year 3 

Pedagogical Strategies: Reflections 

There are many different pedagogical strategies and more than one strategy can be used in 

any given lesson. 

1) Please list the pedagogical strategies you used while teaching your integrated unit. 

List the pedagogical strategies you used while teaching 
your integrated unit. 

Please estimate the 
percentage of class time 
spent using each 
strategy for the unit as a 
whole. 
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2) Of the pedagogical strategies used, which strategies were most effective in helping 

students better understand the math content? Please explain in detail and provide 

observations,examples, or specific data that leads you to this conclusion. 

 

 

 

 

 

 

3) Of the pedagogical strategies used, which strategies were most effective in helping 

students develop problem solving skills (i.e. looking for patterns, making conjectures, 

justifying those conjectures)? Please explain in detail and provide observations, examples, 

or specific data that leads you to this conclusion. 
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4) Of the pedagogical strategies you used, which strategies were most effective in helping 

students better understand the science content? Please explain in detail and provide 

observations, examples, or specific data that leads you to this conclusion. 

 

 

 

 

 

 

 

 

 

5) Of the pedagogical strategies you used, which strategies were most effective in helping 

students develop science inquiry skills (i.e. asking questions, making observations, 

collecting data, drawing conclusions) or engineering design skills (i.e. defining the 

problem, generate possible solutions, testing solutions, analyzing and interpreting 

results)? Please explain in detail and provide observations, examples, or specific data that 

lead you to this conclusion. 
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7) Please share an example from your unit that illustrates the roles that both you, as the 

teacher, and your students, as learners, took in this unit. Things that you might share include: 

what strategies you used to facilitate student learning in this example, who determined the 

accuracy of results or is the source for content knowledge (you, text, video, individual 

students, student groups, how are concepts explored or skills applied in the example, etc). 
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8) Please share an example from your unit, where you feel you were able to use cooperative 

learning or grouping strategies to foster deeper learning or the development of problem 

solving, science inquiry, or engineering design skills. Be specific about the classroom context 

in your example, strategies you used to set up successful group dynamics, evidence or 

observations that lead you to believe this strategy was effective, etc. 
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9) What were the benefits and challenges of integrating math and science in your classroom? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix B 

TIP Rubric 
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Teacher Self

 

Appendix C 

Teacher Self-Assessment Rubric - Science 
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Teacher Self-Assessment Rubric - Mathematics 
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Reflection Day Agenda and Questions that Guided Teachers’ Written Reflections

 

Appendix D 

Reflection Day Agenda and Questions that Guided Teachers’ Written Reflections
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