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Abstract

With the new goal of K-12 education being to prepstudents to be college and
career ready at the end of high school, educag®as to start changing at the elementary
school level. The literature suggests that teaahees reflective professional
development (PD) to effectively teach to the neandards and to demonstrate change to
their current instructional practices. This mixedthod multiple-case study investigated
the impacts of a reflective professional developniBD) in changing elementary school

teachers’ instructional practices.

Teachers Instructional Portfolios (TIPs) were sdawith a TIP rubric based on
best practices in teaching mathematics problemirsplnd science inquiry. The TIPs
were also analyzed with a qualitative coding schebase descriptions were written and
all the collected data were used to explain theactgof the reflective PD on changes in

teachers’ instructional practices.

While we found no predictive patterns in relatiorteachers changing their
classroom practices based on the reflective PDglamn that teachers’ desire to change
might contribute to improvements in instruction. \so observed that teachers’ self-
assessment scores tend to be higher than the adiuatores corroborating with the

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

The new approach to K-12 education in the UnitedeSt urgent in preparing
students to be college and career ready. Our maaeinty is expecting students who
finish high school to be ready to enter the workéoand perform high-level tasks, which
increasingly demand strong background knowleddeeids such as science, technology,
engineering, and mathematics (STEM). In addititulents who follow the college path
will need to possess critical-thinking, problemvsog) and analytical skills to be
successful in freshman-level college courses armitfnout their undergraduate

programs (CCSSI, 2014; NRC, 2012).

Schools are being held accountable for making duessary changes so students
possess the new skills our society is requiringveleer, for that to be accomplished,
teachers will need to learn how to teach thesesialg that are key to college and career
readiness (CCR). To better facilitate students’niggy and support their efforts to
accomplish the goals of the “2tentury education”, teachers need to be well-pezha
and ready to foster students’ autonomy in beindiggemt in STEM content as well as in

the use of higher-order thinking skills (HOTS) (NRXD12).

When addressing the specific skills necessary t0®R, new instructional
practices need to be in place. For inquiry-baseshse and inquiry-oriented
mathematics, authority over content needs to eeshaway from teachers so they can

act as facilitators and supporters of studentgrddic learning and sense making of



mathematics (Anderson, 2002; Hiebert et al., 198@hceptual understanding and
HOTS both need to be targeted when planning anteiimgnting units of study as well as
multiple opportunities for students to construcameag, apply content and practice
HOTS need to be provided so students can be detweers and further develop their
understanding about the world (Anderson, 2002; &tieet al., 1997; Minner et al., 2010;
Stein et al. 2009). Black and Wiliam (1998) reimithe importance of the use not only
of summative but also formative assessments wétfack from teachers so students’

misconceptions are addressed and assessment da&l i improve instruction.

In order to succeed in implementing these instometi practices, which
contribute to students being CCR at the end of bajtool, change needs to start at the
elementary school level. Dougherty (2013) pointsfour reasons to explain why early
learning is important in order for students to bdege and career ready at the end of
high school: (1) learning takes time, (2) learnmgumulative, (3) student interests often
develop at an early age, and (4) empirical evideshosvs the difficulty of catching
students up in middle and high school (p. 2). Hoavei is very difficult to start teaching
for STEM content and HOTS in the early stages aifrisg as suggested by Dougherty
(2013), because (1) teachers haven't experien@ditid of instruction themselves and
(2) typical elementary school instruction is chéedazed by rote memorization, fact-
based instruction over higher order thinking (Glassein, 2013, Linn et al., 2006;
Schoenfeld, 1988). For this reason, it is recomradrid provide professional

development for elementary school teachers sormsjive the necessary support to
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implement the essential instructional practicegrepare young students to be ready for

middle and high school (Dougherty, 2013).

Considering professional development one of thevarsto addressing teachers’
inexperience with CCR instructional practices thiltarget the new goals of the 21
century education, Ingvarson et al. (2005) arguefgssional development for teachers
is now recognized as a vital component of politteenhance the quality of teaching and
learning in our schools” (p. 2). Nevertheless, exary kind of professional development
can promote teachers’ understanding and abilitpnfdement these new instructional
practices. Gulamhussein (2013) suggests that da issue isn’t that teachers aren’t
provided professional development, but that thecsipfferings are ineffective at
changing teachers’ practice or student learning1jpSpecific professional development

needs to be planned and delivered to foster chanddetter implementation of teachers

instructional practices.

Guskey (2002) emphasizes that there is need féegsimnal development to
provide teachers with extra time to practice the Bkills being acquired, to ensure that
teachers will receive feedback on student learpnogress, and to provide follow-up and
support during the process. Adding to Guskey’s gaiagarding professional
development, Ingvarson et al. (2005) points tonded for a content focus, with active
learning, and collaborative examination of studeotk for effective professional
learning to happen. Summarizing the characterisficsiccessful professional

development, EImore and Burney (1997) state:
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it focuses on concrete classroom applications négd ideas; it exposes teachers
to actual practice rather than to descriptionsratfice; it offers opportunities for
observation, critique, and reflection; it providgsgportunities for group support

and collaboration; and it involves deliberate eatibn and feedback by skilled
practitioners with expertise about good teachipg263).

It is clear that effective professional developmmesds to include the characteristics
proposed by the above authors: collaboration betwegchers, feedback from experts,
follow up, and opportunities for teachers to reflec their own practice to have an

impact on teachers’ instructional practices.

From all the characteristics already cited, reiftecis reported to “be the key to
teacher learning and development” (Shulman & Sha|R804, p. 264). Harnett (2012)
points out the importance of teachers taking time tio reflect on their own actions to
enhance their own professional practice. Contnmiguto that, Ferraro (2000) states, that
for teachers, the primary benefit of reflectiveqgtiee is an understanding of their own
teaching and learning. Harnett (2012) argues,rofgssional development is to bring
about lasting change it must involve the teacherserned in analyzing, critiquing,
reflecting upon, and improving their own classropractice” (p. 382). Reflective
professional development seems to be an effecppertunity for teachers to implement
new instructional practices, reflect about theiplementation and change their practice

based upon what they have reflected on.

Parise and Spillane (2010) suggest “there is dattitamong school reformers
and education researchers that augmenting tharngawpportunities of practicing

teachers will enhance teacher performance anddemtproved student outcomes” (p.



324). Even though teachers’ professional developiseextremely important to
accomplish the goals of 2tentury education, it does not make sense to gecdeiachers
with opportunities to experience professional depaient without studying whether it is
actually contributing to changes in teachers’ instipnal practices. Guskey (2002)
reinforces that “in the absence of evidence oftpaschange in students’ learning, [...]
significant change in the attitudes and beliefeeathers is unlikely” (p. 386). In
consideration to Guskey’s assertion, Gulamhuss¥h3) illustrates how teachers’ and
students’ change can represent a Catch-22:
to internalize a practice and change their beltefschers must see success with
their students, but student success is very hacdree by initially, as learning
new skills takes several attempts to master. Qigaifective professional
development means confronting this reality anddang a significant amount of

support for teachers during the critical implem&otaphase in one’s actual
classroom. (p. 12).

For this reason, before we can even investigatiests’ learning as a result of
professional development, we need to investigatether it is changing teachers’

instructional practices.

The purpose of this mixed-methods, multiple-cagdysts to investigate the
power of reflective professional development inrafing elementary school teachers’
instructional practices. Teachers Instructionakf®bos (TIP) about mathematics and
science integrated units from first and second @mgntation were analyzed from eight
elementary school teachers. Both quantitative araditqtive analyses were conducted
using a rubric (Saxton & Rigelman, unpublished) esgkarchers-developed coding

schemes to characterize the changes in teachstsictional practices.



Literature Review

The literature review for this study is focusedumderstanding effective
instructional techniques for science and mathematiaching and learning and how
those strategies can be fostered in professiomvalalement (PD) to create change in
teacher’s instructional practices. A first sectientitiedinquiry and Problem-Solving-
Based Teaching and Learningreviews methods that are widely accepted as éféent
science and mathematics teaching. Two researchigpapé a review of the Framework
for K-12 Science Education provide an overviewrmfuiry-based learning and two other
papers inform about mathematics problem-solvingation. Those five references are
used as the theoretical foundation for this reseaksecond section, entitled
Professional Developmentdescribes effective characteristics of profesaion
development in general and also presents exampgoessful PD programs. Finally,
the last section, entitle@eflective Professional Development and Change in
Teachers’ Instructional Practice,presents two articles about the importance of

reflective professional development to achieve gean teachers’ instructional practices.

Inquiry and Problem-Solving-Based Teaching and Leamning

Anderson (2002) presents an overview of inquirgdience education (starting
with the National Science Education Standards decujnincluding multiple meanings
of the term, and the value of inquiry as an indgtamal practice. According to the author

and his review of the National Science Educati@n8&ards (NSES), the term inquiry
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refers to the scientific inquiry that motivatesestists to research; it also is used as the
“heart of learning”, as an active learning prodesshich students are engaged. Finally,
Anderson states inquiry as a teaching methodologye specifically a science teaching
methodology, citing th&ISES inquiry “refers to the activities of studentswhich they
develop knowledge and understandings of scientiéas, as well as understanding of
how scientists study the natural world” (p. 2). &dht comes to science education
research results, Anderson analyzes a wide rangeeeht and older studies that
demonstrate a positive impact of inquiry teachingtudent’s skills, attitudes towards
science and cognitive achievement. At the same, #ftinderson states more research is
under way to better demonstrate all the positiveaiats of science inquiry in students’
learning. In fact, more research is necessary Isecdngre is resistance from parents,
teachers, policy makers that are “not convincedttiese objectives are as important as

more specific knowledge of vocabulary and fa¢fs"6).

Later, the author analyzes the question of wheterhers are capable of
implementing inquiry learning for their studentsidre reports that research so far was
positive “under the right circumstancgg’ 7). He also highlights that it is important to
understand the difficulty of doing so. Teachersthteelearn “how to teach
constructively, acquire new assessment competereas new teaching roles, learn
how to put students in new roles and foster new$oof student work” (p. 8) which can
conflict with their beliefs and the methods theye&leped in their prior experiences and

trainings. Finally, Anderson emphasizes that caltabon is a “powerful stimulus for the
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reflection” (p. 9); this observation applies to students tb#iaborate with each other and
their teachers in reaching their own conclusiortsatao teachers relationships with other
teachers, which can be helpful to overcome diftieslin training good teachers and

“change beliefs, values and understandir{gs®).

Building on Anderson’s work, Minner et al. (201@nghesize research results
from 1984 to 2002 in Inquiry-Based Science InsiauctThey define inquiry learning
similarly to Anderson (2002): “Learners are engalggdcientifically orientated
guestions; learners give priority to evidence (ledyners formulate explanations (...),
learners evaluate their explanations (...), learnemsmunicate and justify their proposed
explanations’(Minner et a., 2010, p. 476). A total of 138 stgdieere considered and
51% of those report positive impacts of inquiryese instruction, which does not
represent a statistically significant associatibmquiry to increased conceptual learning.
However, Minner et al. (2010) emphasize that “sghsat model refinement indicated
that the amount of active thinking, and emphasidraming conclusions from data, were
in some instance significant predictors of the éased likelihood of student

understanding of science content” (p. 493).

Finally, the authors highlight that of all compavatstudies, more than half had
significant statistical evidence of a benefit, espity the ones involving hands-on
activities and “emphasis on student responsibiljpy"493). While this data is not
“overwhelmingly positive(p. 493), it demonstrates a trend that “instructigtiin the

investigation cycle has been associated with imguiatudent learningp. 493).



9

The Framework for K-12 Science Education: PractiGessscutting Concepts,
and Core Ideas (2012) adds to the above convemnsaliout engaging students in
scientific inquiry by acknowledging that it requsreoordination of both content and
higher order thinking skills. The authors stateygaging in the practices of science helps
students understand how scientific knowledge dggelsuch direct involvement gives
them an appreciation of the wide range of apprcatiet are used to investigate, model,
and explain the world” (p. 42). In addition, inclog scientific inquiry in teaching and
learning can foster students’ curiosity, motivditerh to learn, and deepen their

understanding of the work of scientists and engiee

To better include science inquiry and engineeriegigh in the classrooms, the
framework suggests the implementation of eightges: (1) asking questions (for
science) and defining problems (for engineeringj) developing and using models, (3)
planning and carrying out investigations, (4) amadyg and interpreting data, (5) using
mathematics and computational thinking, (6) comtsing explanations (for science) and
designing solutions (for engineering), (7) engagmgrgument from evidence, and (8)
obtaining, evaluating, and communicating informatith is not expected of students to
develop new scientific theory, but to use theorgdabmodels to argue, build
explanations and demonstrate understanding oft§aenewpoints. In summary, the
framework argues, “students’ opportunities to imseethemselves in these practices [the

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

(p. 47).

Addressing mathematics education, Hiebert et 897) state that it is crucial that
students learn mathematics with understanding.alitieors identify that students “need
problem-solving methods that can be adapted togiesations, and they need the know-
how to develop new methods for new kinds of prolsie(p. 1). Hiebert et al. also
suggest a framework for thinking about classroontsthe practice of mathematics.
They emphasize that the framework can lead teatheeslect on their practice and to
identify possible changes in their mathematicsurcsional practices. Their framework
has five dimensions: “(1) the nature of the leagrtesks, (2) the role of the teacher, (3)
the social culture of the classroom, (4) the kihchathematical tools that are available,

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

With Hiebert et al.’s (1997) framework as a backugrd for teachers’ reflection,
teachers can keep students engaged in mathemwficeading opportunities for
students to understand math since they begin wipeadat. The authors advocate that
student learning with understanding means to léskitis so they are remembered, can
be applied when they are needed, and can be adljisst®lve new problems” (p. 6).
Three characteristics are proposed for tasks terfetudents’ learning mathematics with
understanding: (1) the subject of the task needi® foroblematic for students, (2) the
task needs to be based on students’ backgroundi&dgey and (3) the task should

engage students in thinking about important mattiesmaoncepts and skills. In
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summary, mathematical tasks should be viewed gsditgnities to explore mathematics

and come up with reasonable methods for solutipn8].

Stein et al. (2009) analyzed mathematics instroeatitasks in terms of their
cognitive demands. Citing the Professional StarglaodTeaching Mathematics, the
authors state that

opportunities for student learning are not creaietply by putting students into

groups, by placing manipulatives in front of thempy handing them a

calculator. Rather, it is the level and kind ohting in which students engage
that determines what they will learn. (p. 11).

Students are led to distinct opportunities depemdimthe level of cognitive demand the
mathematical instructional task they are supposeatbtrequires. Since teachers are the
ones selecting the tasks to be used in their dasss, they need to learn how to
differentiate each task based on the level of cogndemand. Stein et al. exemplify
close relationship between the learning goals had¢lected task by arguing “if a
teacher wants students to learn how to justifyxpiagn their solution processes, she

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

Next, the authors characterize the cognitive dehtdmathematical tasks in four
levels. The first two levels are low in cognitiverdand: (1) memorization and (2)
procedures without connections to understandingning and concepts. The next two
levels are considered high in cognitive demandp(8tedures with connections to
understanding, meaning, or concepts and (4) doiapematics. Stein et al. (2009) assert

that not all mathematical tasks should engage stade challenging cognitive demand
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activities. Lower-level cognitive demands tasksiarportant to “improve students
performance on tests that consist of low-level #g&md may lead to greater efficiency of
time and effort in solving routine aspects of pesb$ that are embedded in more

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

When analyzing mathematical tasks, it is importaribok beyond the surface of
the task to be able to understand what kind okihgnit requires. Stein et al. (2009)
suggest that when designing a mathematics taske#iober should consider the learning
goals of student performance as well as the apjtedevel of challenge for their
students’ cognitive ability. Finally, the authongje teachers to provide students with
opportunities to “engage with tasks that lead tepde, more generative understanding

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

Black and Wiliam (1998) present their conclusiabsut formative assessment
based on an extensive literature review they hédighed prior to 1998. The authors
state that an assessment becomes formative whervitience is actually used to adapt
the teaching to meet student needs” (p. 140). BdackWiliam emphasize the
importance of formative assessment to raise acimemeoverall, indicating the need to
include feedback on students’ work, and to activelyplve students in their own
learning. The authors state that “feedback to ampylghould be about the particular
gualities of his or her work, with advice on whatdr she can do to improve, and should

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

be successful as an assessment practice.

The authors found out in their literature reviewattthe way formative assessment
is being used in the classroom is not appropriatethat it needs to be better developed
to increase its impact on student learning. One suaygested by Black and Wiliam to
improve formative assessment is to provide studertksgenuine opportunities for them
to self-assess. The authors argue “opportunitiepupils to express their understanding
should be designed into any piece of teachingthfigrwill initiate the interaction through
which formative assessment aids learning” (p. 1#Bgy conclude their review by
stating that formative assessment is an importamiponent of classroom practice and

when it is well implemented, it can raise standaridschievement.

In summary, the Inquiry-Based and Problem-Solviegching and Learning
section presents a review of effective practicescience and mathematics teaching that
are the foundation of this research study. Fomsaeit highlights the importance of
scientific inquiry, students’ collaboration andiaetengagement, and opportunities for
content and higher order thinking skills to be tatugracticed and applied together. With
the framework for science education, the eightre@eanquiry and engineer design
instructional practices are presented and a joatibn for its implementation is provided.
For mathematics, it emphasizes the nature of thlel@m-solving task and the
importance of learning mathematics with understagud-ormative assessment is also

seen as an instructional practice that needs ingonewnt but when well developed can
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contribute to raise standards of achievement.h&lsé characteristics of effective
teaching and learning are considered in this stadippes to observe changes in
teachers’ instructional practices when particigatma reflective professional

development opportunity.

Professional Development

Guskey (2002) presents a model of teacher charsgltzm professional
development (PD). The author starts by definingdd@yrams as “systematic efforts to
bring about change in the classroom practicesaufiters, in their attitudes and beliefs,
and in the learning outcomes of students” (p. 38hgn, some reasons for PD to fail are
exposed: (1) not taking into consideration whatiwadés educators to engage in PD, and
(2) not considering the “process by which changeathers typically occurs” (p.382).
Guskey notes that teachers indicate their own ssdoeteaching based on students’
performance. Considering that, Guskey points oultdtwattracts teachers to professional
development, therefore, is their belief that itlwkpand their knowledge and skills,

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

A model of teacher change is proposed in view ofgssional development that
first wants to change teachers’ beliefs and skii$ $o then impact students’ learning
outcomes. According to Guskey’s alternative motgjnificant change in teachers’
attitudes and beliefs occurs primarily after thaingevidence of improvements in student

learning” (p. 383) In support of this model, thereur presents a variety of studies where
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teachers only became committed to a new practtee thiey had observed the impact of
it in their students. Further, Guskey describesndla model proposed 100 years ago to
illustrate the relationship between behavioral oese and emotion. Finally, he identifies
three principles that should guide program devetpden planning PD to ensure
success: “(1) recognize that change is a graduhdficult process for teachers; (2)
ensure that teachers receive regular feedbackuderst learning progress; and (3)
provide continued follow-up, support and pressijpe’388). At the end Guskey
concludes, “careful attention to the order of cheaagents described in this model is
likely not only to facilitate change-making, busalto contribute to the endurance of
change” (p. 389). It is important to understand tha process for teachers to change
instructional practice through professional deveiept is complex and follows a general
pattern where teachers first change their classio@aatice, then a change in student

learning outcomes occurs, and finally teachersefelnd attitudes are changed.

In another study, Ingvarson, Meiers, and Beavi®%2 examined the “effects of
structural and process features of professionatldpment programs on teacher’s
knowledge, practice and efficacy” (p. 2). The auwshmombined data from four studies to
report their results from 3250 teachers. Thoseheagarticipated in more than 80
different professional development opportunitied eompleted a common survey
instrument, providing a possibility for a cross-gram analysis. Teachers were surveyed
at least three months after participating on the BBd that caused a response rate

average of 50%. The authors developed a framewoekdluate the effectiveness of PD
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programs based on four impacts resulting for trjai knowledge, practice, student
learning, and teacher efficacy. Further, they e@ain instrument (4-point scale) to
measure the research-based critical features ot&ment focus, follow up, active

learning, feedback, and collaborative examinatibstwdent work.

Ingvarson et al. argued that “the quality of impaica program should not only be
measured in terms of whether it meets the deveddpbjectives, but also in terms of the
extent to which the program moves teachers’ prestiowards those associated with
research-based standards for effective teachinglQp In summary, they found that the
“opportunities to learn” (content focus, activerta@ag, follow-up, collaborative
examination of student work, and feedback on prattiad the largest effect on PD
program outcomes as measured by teacher reporauithers suggest that one of the
most significant findings from their study was “hoarely designers built in
opportunities for feedback and coaching in the wta&e, despite research on their
centrality to learning new and complex skills” §{8). They also concluded that the
impact of the PD on teachers’ efficacy was relatetthe impact of teachers’ instructional

practices on their students’ learning outcomes.

Elmore and Burney (1999) documented, describedaaatyzed an attempt to
“use professional development to mobilize knowlenigéhe service of systemwide
instructional improvement” (p. 264). The authorss#to report on the Community
School District 2 (CSD) in New York because thistdct had a unique systematic way

of implementing PD. CSD professional developmeahgiad been implemented for 8
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years when Elmore and Burney wrote their reporttaedlistrict’s main goal was to

improve teaching and learning in the schools.

Elmore and Burney describe the five major categansed to create the CSD
professional development model. The first of thostegories include a professional
development laboratory where visiting teachers spehweeks observing and practicing
in resident teachers’ classrooms. The second aat@gs the investment in hiring
instructional consultants who worked directly wiltie teachers at each school site. Peer
network and visits to other school sites were kel tcategory and fostered the contact of
teachers and principals with exemplary practicesddition to those 3 categories, the
district also offered off-site training during teemmer and school year to promote
content-focused training over a long term. Thénfdategory was oversight and principal
visits to review the performance of the schoolsval as to provide opportunities for

district staff to know a lot more about the schools

Elmore and Burney suggest that this PD model wolblesdhuse it implemented
strategies to succeed. It did not try to “chanddiatensions of teaching practice at once,
but that it sets in motion a process for makinghgjes in teaching practices, and it
creates the expectation that these changes wihrdeeply and broadly in the system”
(p. 281). Finally, the authors report the main elsgeristics of successful PD as:

it focused on concrete classroom applications oéga ideas; it exposes teachers

to actual practice rather than to descriptionsratfice; it offers opportunities for

observation, critique and reflection; it providggportunities for group support

and collaboration; and it involves deliberate eaibn and feedback by skilled
practitioners with expertise about good teachipg263).
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In summary, the section about Professional Devetyimrovided a definition of
professional development as well as an altern&Denodel for teacher change (Guskey,
2002). Further all studies in some way emphasiaeftr teachers’ instructional practices
to change, it is necessary to have evidence oéstudarning improvement. Examples of
successful PD implemented were described and améylmore and Burney, 1999;
Ingvarson, et al., 2005) as well as the charatiesisf successful PD were shared
(Elmore and Burney, 1999; Guskey, 2002; Ingvardal.e2005) serving as a foundation

for this research study.

Reflective PD and Change in Teachers’ InstructionalPractice

Ferraro (2000) wrote a short review of the impactof reflective practice in
education. She uses the definition proposed by 5¢@06) to state “reflective practice
involves thoughtfully considering one’s own expades in applying knowledge to
practice while being coached by professionals seigline” (p. 2). Further, the author
reinforces the importance of building a unique lgrokind for reflection that should be

specific to every teacher and teacher’'s own expeee

Next, Ferraro (2000) argues, “critical reflectigmon experience continues to be
an effective technique for professional developrhgmt3). Moreover, effective teaching
practice has also been linked to “inquiry, refleatiand continuous professional growth”

(p- 5). Finally, the author emphasizes that reifflegpractice has a benefit to teachers’
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deeper understanding of their own teaching stgd@roving their effectiveness as

teachers.

Harnett (2012) investigated the effects of teachrefection on their own
practice. As Ferraro, Harnett (2012) also reinfdrttee need for teachers to reflect
critically to enhance their professional practitke author implemented an action
research project with two elementary school teactiet had a reflection day where the
researcher asked probing questions to encourage tho teachers to reflect on their

lessons.

The author claims that there was a discrepanaydset what teachers believed
they were doing in the classrooms and what the wesilly doing. Harnett (2012) also
asserts that when teachers engage in reflectivertyppties, they are “pulled out” of the
“automatic pilot” mode to be become grounded inpdeederstanding of their own
teaching and learning (p. 379). In addition, ththausupports the idea that “unless
teachers are assisted to develop their refleckiis $o the point where they are able to
critigue and monitor their own behavior in the sla®m, such routinised [sic] and
unreflective practice will be unlikely to changed. 382). Finally, Harnett urges for
professional development to include teachers’ amslgritique and reflection upon

improving their own instructional practices.

In summary, the section about Reflective Profesdi®evelopment and Change

in Teachers’ Instructional Practice presents anttedn of reflective practice and its
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importance to teachers’ education programs. TluB@seemphasized the necessity of
professional development to include opportunitestéachers to reflect on their own

teaching to be able to change their instructionatices.

Summary

Inquiry and problem-solving-based teaching andnliearis widely recognized to
be a collection of successful teaching practicegeeially when applied to science and
mathematics. In comparison with a traditional fornvhere students receive knowledge
from the teachers, the inquiry and problem-soliaged teaching stimulates students to
provide their own conclusions by being challengétth \uestions that can be answered
with hands-on activities and by practicing highegdes thinking skills. One problem that
arises with the implementation of inquiry and peshisolving-based teaching is the need

to support and educate teachers so they can acgwrénstructional practices.

To support teachers’ implementation of inquiry @ndblem-solving-based
strategies, the next section of this literatureawweviewed three papers about
professional development. The articles provide g{amof successful PD programs
(Ingvarson et al., 2005; EImore and Burney, 199@) presented a PD model of teacher
change (Guskey, 2002). The studies also highligtitatithe success of PD programs
depend upon teachers’ change in instructional wescthat will have positive effects on

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

reflection) and serve as a foundation for this gtud

Finally, the last two articles, in the last sectiare specifically about reflective
PD and its relevance to teachers changing thenuictsonal practices. Both papers
suggest ways to implement reflection in profesdideaelopment, providing examples
of successful experiences. However, there is sggraficant amount of research articles
specific about the impacts of reflective profesalatevelopment in changing teachers’

instructional practices, indicating that more reslan this field is necessary.

All the research studies summarized in this litmatreview contribute to the
knowledge that serves as a foundation to this shiesestigation. Understanding the
factors that contribute to change in teacherstutsional practices within inquiry and
problem-solving-based learning will support thedfirgs of this study about a reflective

professional development experience.

Research Question

This study investigates the impact of reflectivefpssional development in
changing elementary school teachers’ instructipnattices 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 in\gzgte the influence of reflective
professional development on teachers’ instructipnattices, by conducting an in-depth

investigation of selected cases.

This research investigated eight elementary sdeachers that submitted
Teacher Instructional Portfolios (TIP) for a prafesal development workshop
(described below). This study used a mixed-metlagggoach to analyze and accomplish
its goal. First, the TIP for each teacher was stoseng the TIP rubric developed by
Saxton and Rigelman (unpublished) based on bestiat®nal practices. Next, reflective
guestions posed by the researchers about each&rdPoeded following the TIP rubric
categories. The qualitative code was used to seaher’s written reflections and the
audio from each reflective professional developnsession. Finally, a detailed case

description was written for 4 out of the 8 teacheh® participated in this study.

Rigelman and Saxton developed a three-year loniggsimnal development
program about integration of science and mathesatielementary school teachers.
This three-year long research project and professidevelopment collected data from
around 20 elementary school teachers. It was edtiflonnect2MATH and
Connect2SCIENCE: Proficiency and Inquiry-Based haagin Math and Science. This

thesis is based on a reflective PD day that wasgbainis three-year long PD project.
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The main instrument used for this research wa3 #aeher Instructional Portfolio
(TIP). Saxton and Rigelman collected TIPs from elatary school teachers from grades
third to fifth about an integrated math and sciemc#. The TIPs had three main sections:
knowledge, skills and experience (KSE) outcomesgssment, and pedagogical strategy
reflections. The Data Sources section of this thpssents 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 elemgnsahool teachers of
grades three through five. They participated intktinee-year long professional
development (PD) project provided by Portland Stiteversity’s Center for Science
Education in conjunction with school districts frahe Portland metropolitan area. The
first sessions of the PD that are relevant torgsgarch study happened during the
summer of 2011 (content courses and Connect2INTEBAN). After that, the teachers
had an opportunity to implement mathematics anehse integrated units in the
following school year (2011-2012). By spring 20ig3chers turned in their TIPs and
participated in the reflective session of the PDribg the summer, teachers took content
courses once again. Those teachers had a chammality their planned integrated units
during the following school year based on theite®fons during the PD. By spring
2013, they had implemented a revised version of#émee integrated unit, turned in their
TIPs for year three (second implementation onnkegrated units) and also participated

in the last reflective session of the PD relevarthts study, even though their units were
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not the focus of the discussion. Those teachers wegited to participate in the research
and all voluntarily agreed to participate. The st criteria for these educators to
participate in the grant was based on the factthiegt were considered leaders in their
schools, as well as in the professional developmpeagram and had at least three years

of teaching experience.

Number of cases:rom the eighteen lead teachers who agreed taipate in the

three-year long PD project, only eight were ablestose and teach their integrated units
a second time. Some of the teachers were assigreditferent grade level or switched
to a different school, and therefore not able ke taart in this study. The eight teachers
submitted all the requested materials from théegrated mathematics and science unit
and continued to participate in PD the followingisg conforming to the expected

criteria to be included in this research.

Teacher demographicall teachers who agreed to be involved in this

investigation provided their consent to the redeenxto use their unit materials as well
as other data sources for the purpose of this reselaurther, they completed the Survey
of Enacted Curriculum (SEC) providing informatidmoat their own demographics,

education, and teaching experience. This informassummarized in Table 1.



Table 1

Demographics, Experience and Education of Particigd eachers from SEC
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UJ

Teacher| Gender Ethnicity Teaching Years Teaching at Highest

Experience (years] Current School Degree
Mary F American 3-5 Less than 1 BA or BS

Indian/ Alaskan
Native
Linda F White 6-8 3-5 MA or MS
Jennifer F White More than 15 More than 15 MA or M
Susan F Black/African 1-2 1-2 MA or MS
American

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 Participantdl teachers who participated in this study took

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

the summer of 2011, all educators were involvea aourse called

Connect2INTEGRATION where they developed their reathtics and science

integrated units. Table 2 provides information alibe courses taken by each teacher.



Table 2

Courses Taken by Each Teacher During the Sumnm&01f and Summer of 2012

Teacher Courses Taken in the Summer 2011 Cour$es Timathe Summer 2012
Mary Connect2Integration, and Connect2Science: Physical Science
Connect2Science: Earth Space
Linda Connect2Integration, and Connect2Math: Geometry,
Connect2Science: Physical Science Connect2Math: Measurement, and
Connect2Science: Earth Space
Jennifer| Connect2Integration, and Connect2MatltConnect2Science: Earth Space, and
Fractions Connect2Science: Physical Science
Susan | Connect2integration, and Connect2Math: Geometry,
Connect2Science: Earth Space Connect2Math: Measurement, and
Connect2Math: Whole Number
Nancy | Connect2Integration, and Connect2Math: Whole Number, and
Connect2Science: Physical Science Connect2Science: Physical Science
James | Connect2Integration, and Connect2Math: Whole Number, and
Connect2Science: Through Nature Connect2Science: Earth Space
Laura Connect2Integration, and Connect2Math: Whole Number, and
Connect2Science: Physical Science Connect2Science: Earth Space
Donna | Connect2integration, and Connect2Math: Geometry,
Connect2Science: Physical Science Connect2Math: Measurement, and
Connect2Science: Earth Space

Study Design
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This mixed-methods case study assessed the Tedob&tgtional Portfolios
using the TIP rubric, a qualitative coding scheo®uted on the three categories
presented on the TIP rubric, questions posed byeearchers on the TIPs, audio from
the reflective professional development sectioredodith the qualitative coding scheme,
written reflections from the reflective data dagifsassessment and result in a holistic

case description of each of the four teachers wére wtudied in-depth. Table 3 presents
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Integrated Wnit C2M-C25

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

Use the 3 ring binder and the provided pockets to document the
pedagogical strategies used in your unit. Insert any artifacts in the
order they are used so the sequence of events is clear.

Please make sure you include:

e Reflections about the pedagogical strategies used [see attached
prompts)

e 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-C2Z5

Pedagogical Strategies: Reflections

There are many different pedagogical strategies and more than one strategy can be used in any given
lesson.,

1] Pleaze list the pedagogical strategies you used while teaching your integrated unit.

2] Of the pedagogical strategies used while teaching your unit, please estimate the percentage of
class time spent using each strategy for the unit as a whaole.
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3a) Of the pedagogical strategies wsed, which strategies were most effective in helping students
better understand the math content? Why?

b} Of the pedagogical strategies used, which strategies were most effective in helping students
better understand the sclence content? Why?
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4a} Of the pedagogical strategies used, which strategies were most effective in helping students develop
problem solving skills? Why?

4b) Of the pedagogical strategies used, which strategies were most effective in helping students develop
science inguiry skills? Why?
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51 Of the pedagogical strategies used, which strategies were most effective in helping students
communicate their thinking in problem solving skifls and sdence inguiry skills? Why?

6] Of the pedagogical strategies used, which strategies were most effective in helping vou with
classroom management ? Why?
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7] What were the benefits and challenges of integrating math and science in your clazsrocom?
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Detailed TIP Instructions — Year 3

Knowledge, Skills, Experiences (K,S,E) Outcomes

Please arganize the unit materials in this section to represent the chronological

arder ef implementation as best as possible.

1)

2}

3)

Every teacher uses different strategies to plan and implement lessons. Please
insert what you use for your lessons in this section of your portfolio. This
includes, but is not limited to, the lesson planning template provided in the
integrated workshop, copies of your lesson planning book, textbook lessons or
pages, etc.

Use the 3 ring binder and the provided pockets to decument artifacts from
your unit that represent the knowledge, skills, and experiences outcomes for
your unit.

Artifacts you might select for your portfolio include:

Written lesson plans or planning notes (if generated ahead of time)
Powerpoint slides or lecture notes

MNotes, problems, or guestions you wrote on the white board or transparencies
Description of any classroom activities relevant to the outcomes

MNotes written to yourself about the lesson

Observation notes written to yourself about your students

Handouts given that relate to the ocutcomes (ex. Motes, worksheets, laboratory
instructions, problem descriptions, ete.)

Prior to turning in your instructional portfolio, please reflect on your original
unit plan and mark it with notes/adjustments as appropriate. (i.e. ‘did not do
this activity = ran out of time’, etc.). Portfolio’s turned in without this step
completed will be considered incomplete and will be returned for revision,



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:

o Reflections about the pedagogical strategies used (see attached prompts)
e 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 Please estimate the

your integrated unit. 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.



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?
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Score Classroom Roles Content and Cognitive Skills Heare
+ Lessons and actvilies reguire students Lo primarily raly on their +  The unil as implemented largels bath conlent and higher-
obsarvalions, reasoning and ineractions with their pears lo delermine the urdar cognifive skills, frequently al the same time,
accutacy of thaif resulls, the teacher faciitales studeal Baming by presenting sludants with epperunities b use both confent
pressing for higher cognitive levels of sludent thinking when needed. wricwledge and cognilive skills in the same activilies,
+ Lessons and aclvities require students 1o engage in inguiry (e.g., asking lassons, or investigation(s).
queslions, making abservalions, collecling dala, drawing conclusions) and |+ Lessons, activities, and investigation(s) in the unit, when
4 problam solving (e.q., loaking for patlems, making conjeclures, justitying laken logether, represent multipls and diverse varielies of 4
Ihose conjeclures) as a means of gaining deen canceplual understanding. oppertunities for sludents lo construct meaning, apply
|+ Activitiesfinvastigations are cogritively challenging wilh students as active canlent, and practics higher-order cognitive skills.
participants engaged in lsarning that is, i same respect, of (heir own
design,
+ Lessons and actvilies require students mainly rely on their observations |+ The unil as implemeanted largels bath content and higher-
and reasoning lo determina the aceuracy of Iheir resulls, leachers arder cognifive skills wilh frequent opportunities for
accasionally take the lead to factitate karning by posing or answering sludents bo use both conlent knowledge and cognitive skills
yuestions or locusing attention on an imparand concepl or a contradiclion, in the same activilies, lessans, or invastigation|s).
+ Lossons and acliviies require students Lo paricipale in inguiry and + Lessans, aclvilies, and investigalion(s) in tha unit, when
problem solving lo explore concepts, afler having compléled laken ogather, represent mulliple epoorlunities for sludents
3 laskslactivilies the teacher siructutes Lo provide scaliolding of concepls I construc! meaning, aoply content, and practice higher- 3
andiar skills, order cagritive skills.
+ Acliviliesinvestigations are staged so thal sludents are mosly active
parlicipants conlributing their own ideas, applying $ills previously leamed
 loa new conled, or making connecton lo concepts previousy leamed. | e
+ Lessons and aclivilies reguir students Lo mainly rely on their leacher tex, |+ The unil as implemented largeds bath conlent and higher-
ar mare sapable peers (o delerming be aceuracy of their results; tha locus order cognifive skills, howevar, th lessons, achivifies, and
af autherity for centent knowledge is fraguently focused on a source olher invesligations everemphasize conlent or cognitve skills at
Lhair the sludents’ reasoning. {he expense of the other learning fargats.
|+ Lessons and acbvities require students 1o engage in inguiry and problem |+ Lessons, aclivities, and investigationis) in the unil, when
salving by fallowing a predalermined stralegyffermal o thal are not a {aken logether, provide inconsislenl opporlunities fos
2 cohesive part of the larger unit, which limits the epporlunily for deep sludents to construcl meaning, apoly content, and practice 2
content leaming. highar-order cogniive skil's,
+ belivitiesasksinvestigations are slaged so thal students are mostly
passive participants folowing procedures or compleling activities ey
Knew how 1o accomlish,
+ Lessons and activilies requice students bo rely on (e leacher, lexd, or + The unil 25 implemanted Largels only content or higher-
other autharly lo delerming the accuracy of thair results, obsenvations, or urder cognifive skills.
cancaplual understanding. +  Lessons, achvities, and investigation(s) in the unit, when
+ Lessons and actvilies require students to engage in inguiry and groblem {aken Logather, do nol represent opperunities for students
1 shwng that have no connection or fail (o draw from confent leaming, {6 canslruct meaning, apply contenl, and practice higher- 1
inguiry and preblem salving is trealed a5 separate fram the “reqular® order cognifive skills.
clrricutum, Allarnatively, lessans and aclivities fail lo meel crilaria lo be
tansidered inguiry or problem sehing
+ Aclivilies/tasks/investigations are staged so hal students are passive
participants, wilh role memerization or mastery of vocabulary being the
pradaminzle goal,
0 | Evidence either missing o lo insufficient lo score. *  Evidence either missing or lo insufficient to score. ]




Teacher Instructional Portfolio (TIP) Rubric
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ffor Le

Student conceplions and skills are frequently assessed prior Lo, during,
and afler lessons through intenticnal salaction of formatve and
surmmative assessments thal fink clearly la learning goals,
misconceptions or skill defcits are addrassed through intentional teachar
mowves.

The umit is struciured with frequent opporiunites for stiudents to sell-
assess, reflect an their obsarvations, undersianding, o leachen/pear
feedbrack, and manitar their progress foward leaming Engeis.

The unit's assassmenis consistently have appropriate cognitive deamand,
reprasent appropriate learning progressions, are aligned with designated
learmirg goals and slandards, and genesale evidance of pedformance
criteria for meeling thase goats.

Siudent conceplions are freguently assessed pnm ta, dunng and after

lessans through intentional selection of formative and summative
asgassments thal link clearly ta learning goals.

The unit is sruciured with pariocdic ocpportunitias for studenls (o salf-
assess, reflect on thesr obsenations, undersianding, or leaches/pear
feedback, and manitor their progress loward learning largels.

The unit's assassmenis primarly have deavelopmernlally appropriale
cognitive damand, reprasent approprate learning prograssions, am
aligned with designaled learning geals and standards, and generate
avidencs of pardformance criteria for mealing those goals.

Student cenceptions semelimes are assessed prior o, during, and after

lessans through inlentional seleclion of farmative and summative
assassments that fink o some, bul nat all laming goals.

The umnit is struciured with opportunities for students to self-assess, or
monilor their progress toward leaming targels, bul thesa cpporiunibes
ara infraguant or superficial.

The majority of tha unil's assessments are afigned wilh designaled
learning goals and slandards and generate evidence of performance
criteria for meeating those goais, haowevar, a few assassmenls anre aither
nol appropriate in lerms of cognitive demand, nol representalive of
lzarning progressions, ar misaligned wilh goaks/standards,

Student canceplions are infresquantly or ot assassed pericar ba, during,
andior afler lessons through intentional selection of formative and
surmmative assessments.

The unit net s structured with eppodunilies for sludents lo self-assess,
or moanitar thair progress lowarrd Eaming largets.

The unil's assassments primarily ara aitner nod aligned with designaled
learsing goals and standards, nol represantative of learming
progressions, fail o ganerale avidence of parformance criteria for
mesgling those goals, or are not developmantally appropriate in terms of
cognitive demarsd.

Evidance aither missing or o insufficiant io score.
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Teacher Se-Assessment Rubric - Science

Connect2Math/Connect2Science Math Science Partnership

Teacher Self-Assessment [nstructional Vision: Science

Teather Na
I select/adapt tasks and activities informed by Strongly Disagree Disagree Agree Strongly Agree
* my deep, rich, and well-connected understanding of science; O ad ad 0
* my grade level content/core standards in science; g a a 0
v my students’ interests, questions, etc. and ' g | 0
* what | know about how students at this age learn. O a a O
Students look to me, the text, | Students rely on me, the text, | Students mainly rely on their | Students rely on their own
orsomeautharitybeyond | ormarecapablepeersto | observations and scientific observations and scientific
themselves to determinethe | provide the correct "answer” | reasoning todeterminethe | reasoning and interactions with
accuracy of their conceptual | or to verify that their | accuracy of their results, though | their peers to determine the
o | understanding or observation or conclusion | occasionally ] intervene to accuracy of their results’, 1 interject
E observations, makes sense. | answer a question or focus by asking questions to encourage
2 | attention on a contradiction. | student thinking at higher
3 | copnitive levels when needed,
g Smdgnts engage in inquiry Sruldgr?ts participate in | Students participate in inquiry Srudents engage in inqulry (eg,
devoid of other content activities thatare nota | toexplore concepts, butdoso | asking questions, making
learning (e.g, science inguiry | cohesive part of a larger unit | by following steps or observations, collecting data,
is separate from the which limits the opportunity | procedures [ purposefully drawing conclusions) as a means of
“regular” curriculum)?. for deep contentlearning.” | provide to allow for gaining deep conceptual
| confirmation of concepts.* understanding,
Students’learning Students’learning ' Students’ learning Students have opportunities to
oppartunities are limited to | opportunities are generally | opportunities include work individually, then with a
whole group instruction limited whole group ‘individual, partner, small and | partner or in a small group, and
sometimes followed by discussion and/or instruction | whole group but these may not | finally summarize with a whole

@
i
@
=
3
d | -
& | individual work time. followed by individual or | be selected based on the class discussion for sense making’.
£ partner work time, | particular task
= | Students regularly engage in | Students passively engagein | Students are mostly active Students regularly engage in
8 | tasks/activides thatrelyon | tasks/activities they know | participants in cognitively challenging
£ | rote memorization o how to complete (ie.they | activities/investigations activities/investigations that are, in
i | masteryof vocabulary, follow procedures)with | contributing their own ideas or | some aspect, of their own design
g partial connection to science | applying skills previously (question, data collection, display
CONCEpLs. | learned to a new context of data, &/or conclusions)’
Ardersen, 200 Marshal, 2000

1 Marshall, 2009

! Aplition, 2007; Afderson, 2007

A Banichi & Hitll, 2008; Marshall, 20608

* Banchi, % Bell, 2000, Natinnal Research Crancil, 2003; Stein, & Smith, 20611

© Marghall 2009: Secher; 2005

" Suei, Sanlth, Hemneayen, & Silver, 2009, Marsball, 2009 EDI]tI]lUBﬂ ON TEVETSE
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Student groups engagein | Student groups occasionally
activities/ worksheets with | have the opportunity to engage
limited and sometimes in tasks that have more than
unbalanced interactions. one approach. | assign group
roles to encourage individual
accountability®.

Student discourse is limited to | Students participate in

one word or short discourse with the teacher in
answers/explanationsto | either individual, small group,
questions from the teacher. | or whole group discussion.

Student groups sometimes
engage in tasks that provide
opportunities for student with
different abilities to contribute.
The goals of the group work are
increased conceptual

Students participate in
productive discourse but
interactions are consistently
mediated through the teacher.

Students engage in
activities/discussions where
multiple abilities are relevant
which leads to balanced, open
interaction in the group. Students
are asked to reflect on group
process and interactions”,
Students participate in productive
discourse with each other (and
myself, at times)- that is, social
exchange that provides the avenue
to construct and build on ideas

through interactions with
others™.
Student conceptions are nota | Student conceptions are Student conceptions are Student conceptions, both correct
" factor, rather the pacing assessed and misconceptions | assessed priortoand during | and incorrect, uide instructional
2 | calendar or curriculum guide | are partially addressed with | lessons, misconceptionsare  decisions'". | purposefully select
& | isthestrongest determinant | direct instruction. addressed through exploration  activities that will surface and/or
E of next instructional steps. and discussion of the concept. | contradict misconceptions.
i Students are not asked to self- | Students are occasionally Students have periodic Students have ongoing
G | assesstheirworkormonitor | asked toreflectonwhatthey  opportunities to reflect ontheir | opportunities to self-assess their
£ | their progress toward did or observed, but the observation and draw work and monitor their progress
£ | learning targets. reflection remains superficial | conclusions, but donot provide | toward learning targets™. |
ﬂ withafocus on vocabularyor | explanations or use evidence, | purposefully select self-
7 steps in the assessment tools that go beyond
< activity/investigation.” checklists to facilitate student
| reflection™*,
*Randsdel 2003

* Ranihackef], 2003; Db, 1994
! Lampert, & Bunk, 1499, Zohar & Nere, 2002 Jimem-Aleixandre, 2000; Nathan & Knuth, 2001

Marshalk, 200%: Retianal Dessiech Cogncal, 7003

 Rschbachnr & Reth, 2002; Stecher, 2005

 fndersea, 2002, Marshall, 2009; Black ardt Wiliam, 1558, Stigging, 2005, Fernandes, & Fortara, 1996
! Bingham,Holbronk, and Meyers, 2010
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Teacher Se-Assessment Rubric - Mathematics

Connect2Math/Connect2Science Math Science Partnership

Teacher Self-Assessment Instructional Vision: Mathematics Teacher Nan

Iselect/adapt tasks and activities informed by Stongly Disagree  Disagree Agree Strongly Agree

* my deep, rich, and well-connected understanding of mathematics; 0 d O O

* my grade level content/core standards in mathematics; 0 d 0 O

 my students’ interests, questions, etc. and 0 ] O 0

* what ] know about how students at this age learn, O d O O

Students look to me, the text, or | Students rely on me, the text, or | Students mainly rely on their own | Students rely on their

some authority beyond more capable peers to provide | mathematical reasoning to mathematical reasoning to

themselves to determine the | to confirm/verifythattheir | determine the accuracy of their | determine the accuracy of

accuracy of their results. solution and/or selution path | results, though occasionally | their results',

Student Role

makes sense,

intervene to answer a guestion or

focus attention on a contradiction.

Students engage in inquiry and
problem slving separate from
other content learning.
Problem solving is treated as
separate from the "regular’

Students engage in inquiry and
prablem solving but do so by
following a particular strategy
or format.

Students engage in inquiry and
prablem solving after having
completed a similar task/activity
asa class.

Students engage in inquiry
and problem solving (&g,
looking for patterns, making
conjectures, justifying those
conjectures?) as 2 means to

curriculum, learn mathematics.
.| Students’learning Students’ learning Students’ learning opportunities | Students have opportunities
a opportunities are limitedto | opportunities are generally | include individual, partner, small | to work individually, then
T whole group instruction limited whole group discussion | and whole group but these may | with a partner or in 2 small
& | followed by individual work | and for instruction followed by | not be selected based on the group, and with finally
g | time individual or partner work | particular task. summarize with 2 whole
é time. tlass a whole class
- discussion®,
E Students regularly engagein | Students regularly engagein | Students primarily engage in Students regularly engage
g tasks/activities thatrelyon | procedural tasks/activities | tasks/activities they know howto | in cognitively challenging
& | rote memorization. they know how to complete. | complete and periodically tasks /activities*,
g complete more challenging
tasks/ activities.

Sicads & By, 1993

 Nattomal Counell of Teachers of Mathematics, 2084

Banchi, & Byll, 2008, National Nesearch Councll, 2603; Steie, & Staith, 2011

+$ten, i, Hesningsen, &k Sver, 2009, Marshal, 2019 continued on reverse
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Students engage in Students occasionally have the | Students engage intasksthat | Students engage in

tasks/activitiesthathavea | opportunity to engageintasks | have multiple entry pointsor | tasks/activities that have
@ | particular approach /procedure | that have more than one pravide opportunities for multiple entry points and/or
& |tofollow. approach. multiple abilities (ie, wide | provide opportunities for
§ range of intellectual abilities). | multiple abilities (ie, wide
i5 range of intellectual abilities)’.
E § | Student discourse s limited to | Students participate in Students participate in Students consistently
U & | oneword orshort discourse with me as eitheran | productive discourse but participate in productive
B & | answers/explanations to individual, small group, or interactions are consistently | discourse prompting sense
8= | questions from me. whole group discussion. mediated through me. making, conjecturing,
E (Productive discourse is social | justifying, and generalizing
@ exchange that providesthe | The process is facilitated by
; avenue to construct and build | mef,

on ideas through interactions
with others)

Student conceptions areonly | Student conceptions are Student conceptions are Student conceptions, hoth
w | slightly considered - the pacing | assessed and misconceptions | assessed prior toand during | correct and incorrect, guide
g | calendar or curriculum guide s | are partially addressed with | lessons; misconceptionsare | instructional decisions.
% | thestrongest determinantof | direct instruction. addressed through exploration | purposefully select activities
Fﬂ next instructional steps. and discussion of the concept. | that will surface and for
E contradict misconceptions’,
§ | Studentsare notasked to self- | Students are occasionally asked | Students have periodic Students have ongoing
‘E‘ assess theirwork or monitor | toreflect on what they did, but | opportunities to self-assess, | opportunities to self-assess,
£ | their progress toward learning | the reflection remains reflect on teacher/peer reflect on teacher fpeer
@ | targets. superficial (1., does not feedback, and monitor their | feedback, and monitor their
@ uncover informationabout | progress toward learning progress toward learning
s progress toward learning targets. targets®,

targets).

" Roaler, & Staples; 2008, Lotan, 2003: Calien, |9%4; Vgatiky, 1778

*Laspert & Bhink, 1999, Zahar & Nenet, 2002; Vsmens-Aloiandre, 2000; Nathan & Kagth, 2003
Marshall, 200%; National Research Council, 2003
F Anidersan, 20072: Marshall, 2009 Blak and Willai, 1998, Stiggles, 2005; Fernandi, & Foatang, 1996
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Appendix D

Reflection Day Agenda and Questions that Guideaie®’ Written Reflectior

CZ2M-C25: Year 2
Integrated Unit Data Reflection Day

Goals:

L Provide an opportunity for yvou to engage in reflective practice.
* Collaborate with your peers to revise the integrated wnits.
= Deepen your knowledge and skills for integration of disciplines.

*  Help you move your instructional practice along the pathway.

Agenda:

Structure for Year 2 Data reflection days:

L. Self-assessment (20 min)
. Goals of day & review data analysis process (10 min)

1. Integrated Unit data: Math or Science Reflection First {40 min)

I, Integrated Unit data: Math or Science Reflection Second (40 rmrin)
W, Integrated Unit data: Integration Reflection (43 min}
Wi Implications/reflection discussion focused on integration: {30 min)

. Individual reflection

b. Whole group disoussion
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C2M-C25

T

2.

A.

4,

Data analysis process:

Describing the Data
= What do vou see?
»  How would you describe the data?
*  Refirain from vocalizing judgments and inferprefariony af iy poinr.

Interpreting the Data
=  What does the data sugpest?
What are the assumptions we make about students and their learning?
What are the assumptions we make ahout teachers and their practice?
*  Tryto find as many possible interpretations of the data as possible.
* As others express their interpretations, ask guestions to better understand each
other.

Implications for Classroom Practice
= What are the implications of this data for student learning and achievement?
=  What are the implications of this data for teaching and assessment?
= Hased on the interpretations of the data,
- What steps could be taken next?
- What strategies might be most effective?
- What else would you like to see happen?
= What kinds of assipnments or assessments could provide this  information?
- What does this conversation make you think about in term of your cown practice?
- What does this conversation make you think about teaching and learning in
general?
- Are there implications for eguity?

Implications for vour Professional Learning Commumnity {PLC) next year
= What are the implications of this data for the goals of your PLC next yvear?

Based off the "Critical Friends ATLAS: Locking at Data Protocol”



