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This dissertation is a mixed methods exploratosecsgtudy on the

implementation of problem-based inquiry. The treftechnological changes have
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created a wave of global change, brought new utatetig of learning, and requires a
shift in education to develop and accommodate giefty in 2% century skills and
competencies. As a result, in many countriesuiolg the United States, the push to
benchmark educational standards is in place togpeegtudents for success in college and
careers. The narrow nature of traditional teaclsingtegies that currently prevails in
schools has been branded as one of the reasostsiflents’ low performance. In
particular, teacher-centered didactic instructiothwhe goal of preparing students for
high stakes testing has led to a “teaching todk€ pattern rather than focusing on
deeper understanding. This study argues thatg@moeblased inquiry is a strategy that can
help students gain and retain knowledge bettel@mgkr. Problem-based inquiry’s
promise of creating a rigorous academic environnrenthich all students can be
engaged and involved, as well have the opportdarty better understanding of learning
materials and a fuller construction of knowledgatisined. Recognizing that knowledge
is socially constructed, this study examined prnoblesed learning as the involvement of
both teachers and students in the constructionedf bwn knowledge. The overarching
purpose was to examine if, by implementing probleased inquiry, a school that
followed a prescribed curriculum with a teacherteesd instruction approach was able
to transform its teaching pedagogy to a more stiudemtered environment that focuses
on student’ success and prepares them for todéybslized high tech world. For this
reason in Phase | eighteen teachers participateghm-structured interviews, and in
Phase Il nineteen teachers participated in focaspinterviews. Furthermore, selected
classrooms and teacher collaboration meetings lasdrooms were observed to explore

the ease and benefits of its implementation, wiitding its barriers. In addition,

XVi



teachers’ lesson plans and students’ work were mehtio corroborate with interviews
and observations data. This study offers recomuaugs to policy makers and
educators in taking steps towards meeting the reaugints for the Next Generation

Science Standards.
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CHAPTER ONE: INTRODUCTION

Students have long been the focus of researchestadtning to observe and better
understand trends in their learning and achievemidotvever, since the mid-1990s this
focus has taken an international spin. There aeynorganizations (The Organization
for Economic Co-operation and Development —OECE@nds in International
Mathematics and Science Study —TIMSS; and IntesnatiAssociation for the
Evaluation of Educational Achievement —IEA, to naafew) interested in studying,
evaluating, and comparing students’ performanddentify the way “globalization will
change the world’s economies” (OECD, retrieved, &nber 20, 2012). The challenge
that schools today are facing is how to best peeptardents for our global society; this
has been the impetus for the present study.

Context of the Problem

The evolution of technology has created a mediaratad and globalized world
wherein people are more connected than in prexaenturies (Darling-Hammond, 2010;
Wagner, 2010). International reports testify tinat globalized and competitive nature of
modern society accentuates the need for studemsaster 21 century competencies in
order to be successful in contemporary societyl{pHammond, 2010, 2007; OECD,
2010; Partnership for 21Century Skills (P21), 2009; Wagner, 2010). Highaol
graduates need to be armed with new sets of skifiich Wagner calls th8even
Survival Skill§2010). These skills include: critical thinkingdaproblem-solving,
collaboration across networks, agility and adafitgpinitiative and entrepreneurialism,
effective oral and written communication, accessind analyzing information, and

curiosity and imagination. Other researchers lemphasized the four C's:



collaboration, creativity and innovation, communiica and critical thinking, and
problem solving (The Acme Network, 2010; Medvedl@0 To ensure that more
students are acquiring these skills, educationbarsthess leaders have not only called for
more uniform and higher standards, but also tha®tmerican standards be
internationally benchmarked (Achieve, 2010; Koh#99). The goal of the new
Common Core State Standards (CCSS), as well ddekieGenerations Science
Standards (NGSS) is to shift traditional teachimg tmnore student-centered approach
with strategies that are able to instil®2dentury competencies in students. It is
anticipated that such a shift will enable studémtse competitive in the complex global
workforce (Darling-Hammond, 2010; Kohn, 1999; Ctersen, Horn, & Johnson, 2011).
One might wonder why America should move towardnmationally
benchmarked standards. Quite simply, in a globahemy, “the yardstick for success is
no longer improvement by national standards albnehow education systems perform
internationally” (OECD, 2010, p. 3). Recently, Ancan 15-year-old students ranked
22" and 28' when compared to 65 other nations in science attiematics respectively
(OECD, n.d.). The data show that American studardgdagging behind their peers in
other nations in science and mathematics (Darliagifhond, 2010; OECD, 2013, 2010).
According to Partnership for 2Century Skills (P21) (2009), the United Stateari®ng
the world leaders in job growth in the fields oflt@ology and telecommunication. Yet
American graduates are not filling many of the jbbsause they are not prepared to

assume these positions. As such jobs continuediees there will be increased demand



for individuals with the needed knowledge (mathesce, and technology) and®21
century competencies.

The pressing matter is how U.S. schools will etlaetproposed standards in such
a way that they will support students’ success@e@ares them for today’s globalized
high tech world. Currently, with the ranking ottbinited States students in mathematics
and science it seems that continuing with the daatitional teaching system will not
enable students to acquire the desired competemeested to be successful in today’s
global economy. This is a challenge faced by skshodew content standards have been
established, but knowing the pedagogical approacteded to help students meet these
new standards is important. Also, the contentthegrofessional development needed
for teachers will play crucial roles. This studgpred one pedagogical approach —
problem-based inquiry -- as a teaching strategyitheapable of developing 2tentury
skills such as collaboration, communication, probkolving, and teamwork in
elementary students.
Globalization and the Effects of Technology

All 21 century schools face ever-increasing demandsdorerthat their students
are well equipped for entry into colleges, the viorke, and citizenship (Darling-
Hammond, 2010; Dorph, Shields, Tiffany-Morales, trigar& McCaffrey, 2011).
Changes in society constantly affect the directibeducation and have led to numerous
educational reforms in the past. One of the elési@rsociety that has changed in the
past century has been the development of informatiml communication technology

(ICTY), particularly the World Wide Web. Human commuations and connections have



taken a leap forward; rapid changes and advancemém use of technology have led to
booming economic growth and a demand on educatsysé¢ms and schools to prepare
students for the complex world of the future. Trealbgy is an essential tool in today’s
learning that provides a link between the schdaksroom, and outside world skills
required for independent learning (Gibson, 20059,&#ong, Choy, & Wu, 2010; Hattie,
2009; Lambert & Gong, 2010). Wilkins (2000) poohieut that literacy in math, science,
and technology is a prerequisite fo'2Entury students’ achievement.

The 2f' century demands a literate populace for the futtett-being of the
economy. Yet the result of National Assessmertichfcation Progress (NAEP) (2005)
attest to the lack of skills, such as higher-leealsoning and inquiry, needed for an
information-generating and information-transformempnomy in American youth. The
21 century society is highly dependent on sciencetadanology, and the acquisition of
the 2F' century skills.

21% Century Competencies and Skills.

Therationale for formulating 21% century competencies. One of the reasons
that 2f' century education needs to be different from tfe¥ipus century is the rise and
development of ICT (Dede, 2009) and the creatioa 0wéw set of jobs requiring new
skills (Warschauer & Matuchniak, 2010). Therefdahe first rationale for formulating
new competencies in students is to prepare themufoent and future workforce
demands. In the past, technological skills wertepast of job requirements; yet these
skills now play an integral role in recruiting eropées. The employment projection

from 2002 to 2012 anticipated that 80% of the fstsgeowing occupations ask for



technological fluency (U.S. Department of LaborQ@0) Economists have observed a
decline in jobs that are routine cognitive work@utine manual labor (Dede, 2009).
Present jobs demand more expert thinking and thigyab complete other complex
tasks that cannot be easily programmed by computers

The second rationale for developing'@Entury skills in students is the way ICT
takes part in changing the nature of “perenniaillsknd creating new “contextual”
skills (Dede, 2009, p. 2). Some skills, such dgboration or communication, are not
new to this century. Nevertheless, with the uskZaf, collaboration has moved from
face-to-face and across a table to cross-borderactions. Today, individuals can search
for anything on their computers and instantly figital data. But this overwhelming
amount of information at individual’s immediate glisal can include incomplete,
unrelated, or biased information. It is importembe able to filter through this
information; these are #entury skills have to be learned and teachertharenes who
need to instill these competencies in students.

The third rationale focuses on the need to shétdirriculum focus. An
examination of the 20century curriculum illustrated the current focngtie present
curriculum and the need for future change. Faiaimse, teaching to the test and the lack
of professional development are two reasons whyc2htury competencies have been
underemphasized (Dede, 2009; Roschelle, Pea, Hodsbedin, & Means, 2000). There
is a great need for unlearning the “underlying st$iandustrial-era operating practices”
and for a transformative relearning of 2¥ntury competencies (Dede, 2009, p. 4).

Educators and administrators will need to discenatwart of the current curriculum



could afford to be deemphasized in order to finsmdo teach the essential®2dentury
competencies (Dede, 2009).

The final rationale for the formulation of 2tentury skills comes from ICT and
its application to the classrooms. By simply segvas a supplement to traditional styles
of instruction and learning, technology is notyukkalized (Roschlle et al., 2000).
Rather, it needs to be used as a tool to extemdihggin new ways. While the
advancement of technology has created a giantiteesard, and 2% century
competencies need to be developed in every indajidioe complex problems of
implementing such changes will require knowledgél, sinderstanding on the part of
educators, and a political emphasis to supporetisbanges.

Description of the 21% century skills and competencies. For students to be
successful, new skills that have come to be knasvi2 &' century skills and
competencies,” are demanded (Darling-Hammond, 2B@inership for ZLCentury
Skills, 2009; Wagner, 2010). The Partnership fot @entury Skills (P21) advocated for
the implementation of Zicentury interdisciplinary themes such as globadraness,
health, civics, environmental, and financial litges in the core school subjects (2009).
In the same fashion, a 2007 joint report of P2dng@lwith the State Educational
Technology Directors Association (SETDA), and thietnational Society for
Technology Education (ISTE), envisioned2Entury teaching and learning as focusing
on raising students who aedtical thinkers problem solversandinnovators There is
increasing need for students as well to learn abontemporary issues such as global

awareness, economic/financial, health, and enviesab literacies. Schools and



educational leaders are faced with the challengeegaring students with core
knowledge skills and also ensuring that they ameearwith the skills for a competitive
world. It is the role of educational leaders teate an environment where these skills are
taught equally to all students; thus, student némdsompetitiveness in a global arena
can be satisfied. Moreover, Mid Continent Regididilicational Laboratory (Lauer,
Stoutemyer, & Buhler, 2005) also recognized cultaveareness; productivity, self-
direction and ability to collaborate; technologgtacy (e-communications); global
awareness; and leadership skills as key compooé@ts' century skills. To acquire 21
century skills, students must be encouraged tdereaw ideas, gather information,
analyze the data and compare it with their preveyseriences, and last, to learn from
them all. ISTE (2008) developed a set of six bakilis that students need to acquire in
an increasingly digital world. These skills inctudtreativity and innovation;
communication and collaboration; research and mé&tion fluency; critical thinking,
problem solving and decision making; digital citiskip; and technology operation and
concept.

Other educators have emphasized the inevitabilideweloping and possessing
essential skills by all learners. Students whogaagluating from American schools have
to possess 2century skills to be able to compete for job opyoities that now require
a higher level of skills, especially technologiskills. This means that defining the
knowledge, skills, performance, and dispositionsdeel for 21 century living is at the
core of the change required in education to prefrerstudents for the global economy

of the 2£' century (Spires, Lee, Turner, & Johnson, 2008h08ls and educational



systems need to be aligned witi'ZEntury living, and this alignment should matcé th
objectives and goals of these frameworks, emphagihiat students need to learn the
core subjecti addition to21% century skills to be successful. At the same tiRgd
believes that schools or districts should offerpgrpthrough challenging learning
environmentsstandards, assessments, curriculum, instructiahpesfessional
development. Once this support is in place, tbalteg outcome will be the skills,
knowledge, and expertise that students need teedda the 2% century (2009).

In summary, there is considerable overlap amongpusiframeworks. Although
each of these frameworks has developed independeititi wordings of their own, they
share multiple common concepts with many overlapsrey them. All tap into the
importance of moving beyond teaching solely collgestis and toward teaching the skills
that will produce well-rounded students, usingtsiyaes that move towards engaging
students in their own learning. At a minimum, s need to have information and
communication skills, interpersonal, collaboratiand self-directional skills to work as
part of a group, and well-developed thinking skdlied problem-solving abilities.

Statement of the Problem

Given that American students are lagging in mathsaence in international
comparisons, and both higher education and em@ayerconvinced that students are
graduating without the skills needed to be succéssicollege or careers, there is a need
to rethink and retool American education (Dede,9Q0s Wagner (2010) has asserted,
it is not that teachers and the system are fadsmgiuch as it is that the system is obsolete

because it has not changed with the needs of . tFor survival and success in the



global marketplace, a critical ingredient is acdesan education that teaches
collaboration, critical thinking, creativity andgimlem-solving inquiry (Wirth, 1993, p.
364).

The major assumption here is that traditional teacmethods are not providing
the vital framework, strategies, and time needediézper learning to occur. A shift
from a focus on factual learning to ensuring thatlents are able to interpret, evaluate,
apply knowledge, and solve problems is needed pilzethe fact that educators are
trying to emphasize the ability of technology tansform teaching and learning
(Bransford, Brown, & Cocking, 2000), a shift withime current education system to
accommodate such changes has not yet taken plade (R009). Reinventing schooling
to meet the demands of today's global, flat, agtdech world is a huge challenge that
many educational systems are just beginning tdeadRontrary to traditional education,
where the emphasis was on memorization, recerdng@seemonstrates that it is the
structure of the knowledge domain that guides bedilching and learning.

In their handbook for project-based learning, Markh Larmer, and Lavitz
(2004) introduced design-based, collaborative worassrooms as a powerful learning
method that teaches student§' 2&ntury skills. Knowing that 2century competencies
refer to the growing global movement that has pgdited in redefining the goals of
education and how learning and teaching is pratiiceveryday life, Oxford (1997)
believes that teachers need to design a curricahamnd a theme-based approach where
these skills are considered as part of the comterat. In another study, Lerman and

Hicks (2010) have focused on the ability of teclogglin this transformation through
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communication, collaboration, and creativity by kexmg how Google applications can
help teachers. Also, various scholarly reseanatliss (Barron & Darling-Hammond,
2010), policy proposals (NCREL, 2003; P21, 2004) mational commission reports
(NCTM, 1989; NRC, 1996) have argued that in ordertdéday's student to be prepared
for tomorrow’s workforce, they need to explore thf@ problems (Cited in Barron &
Darling-Hammond, 2010). When students are expioraal-life problems, they are
more engaged and motivated. Therefore, it is ddusavho by asking “open-ended
guestions and posing intriguing problems engagerem’s imaginations and help
motivate them to explore, discover, create, anthig@rilling & Fadel, 2009, p. 94).
Another assumption of this study is that with tdeancement of ICT and its
broad availability, it is crucial to use it and nvate students to navigate deeper into the
learning of science through both scientific inquarnyd technology-based learning. These
changes pose considerable challenges for teachénsyawork to shift their instructional
practices from teacher-centered textbook-baseclictgin with a primary focus on
teaching information and factual recall to studegmtered analysis and the use and
creation of knowledge from multiple sources. Weilfg902) has identified five key
areas that instructional practice needs to chantieeainiversity level in order to become
a learner-centered pedagogy. These five key amehsle: the balance of power, the
function of content, the role of the teacher, tgponsibility for learning, and the
purpose and processes of evaluation. These kag aam easily be translated into

elementary teaching instruction, and they can babfe to this transformation.
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Problem-based Inquiry as an Instructional Strategyfor Deep 2£' Century Learning

Since the early 1990s, research has focused otifidieg skills and competencies
students need to succeed in th& @dntury (Marzano & Heflebower, 2012). Also,
emerging is a growing body of research on the insstuctional approach to teach these
skills. Recent research has emphasized probleedbagquiry as one crucial learning
approach (Azer, 2009; Belland, Ertmer, & Simong&@®Blumenfeld et al, 1991;
Etherington, 2011; Hansen, 2006; Hmelo-Silver, 2004rx, Blumenfeld, Krajcik, &
Soloway, 1997; Tandogan & Orhan, 2007; Torp & S20€2; Vardi & Ciccarelli,

2008). ltis a pedagogical approach for movingamls creating more student-centered
classrooms, wherein students are required to usgatthinking, problem solving,
innovation, creativity, data analysis, and teamwoFkis approach is receiving growing
attention among educators. Scholars who argueéoe student-centered classrooms
believe that learning is conceptualized as protdeing (Murray, Olivier, & Human,
1998; Bransford et al., 2000; Newell & Simon, 197 inquiry (Dewey, 1902); as
sense-making (Piaget, 1962); and as intellectu@hboation (Vygotsky, 1978) (as cited
in Roschelle et al., 2000, p. 94).

When learning is considered as problem solvingfabas shifts to finding the
appropriate instructional approach to use. Profased inquiry is one pedagogical
approach that shows promise in better meeting ¢ees10f today’s students and
preparing them for an information-rich, global stgi It is a pedagogical approach that
engages students to actively participate in them earning at all levels of education

working, either individually or in small groups, solving real problems and moving
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towards their own understanding and achievemeobwrete outcomes (Giltekin, 2005;
Moursund, 1999) and for the shift from a teachent@ed learning environment to a
student-centered one.

Research shows that to be ready and equipped Witbehtury competencies,
students need to be exposed to teaching stratigieactually engage them in
communication, collaboration, creativity, critidhinking, and teamwork. Well-designed
problem-based inquiry units have been shown togmgtudents in deep learning,
problem solving, and critical thinking (GultekirQ@5; Krajcik, Blumenfeld, Marx, &
Soloway, 1994; Marx et al., 1997). Research algmests students learn and retain
information better and longer when they are acyiegigaged in their own learning and in
an environment that is designed to motivate thenhewhceiving instruction from
teachers who are facilitators of learning. Whenshts work in collaboration and in
teams, they play a key role in their own learnimgtigh active participation and creation
of their own outcomes. As Hmelo-Silver, Duncarg &hinn (2007) suggest, “There is
growing evidence from large-scale experimental guasi-experimental studies
demonstrating that inquiry-based instruction resitsignificant learning gains in
comparison to traditional instruction and that disentaged students benefit most from
inquiry-based instructional approaches” (p. 108dpothe, Vjaughn, Hill, and Hill (2008)
have explored the positive effects of problem-basgqdiry on language acquisition for
the English Language Learners (ELL) students. Adsadents of teachers employing
problem-based inquiry in the teaching of sciendpedormed other students who were

not exposed to such instruction (Johnson, Zhanigale, 2012).
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However, schools face several challenges in imphtimg problem-based
inquiry. First, teachers feel enormous pressumt@r the curriculum and prepare
students for year-end standardized tests. Althqughlem-based inquiry is more
effective in long-term learning gains, “coveraga@hdye a challenge, as problem-based
inquiry units often take longer to implement. Setoduring the last few decades the
heavy focus on textbook-based curricula has noipeed teachers to make the transition
to problem-based inquiry. They have little timel@axperience in collaboratively
designing inquiry units and often little experiemadacilitating group work. Third,
because great emphasis and large time blocks aotedkto literacy skills, teachers feel
there is insufficient time in the school day to agg in problem-based inquiry (The
National Academies, 2005). The adoption of the @amm Core State Standards and the
Next Generation Science Standards offers an opdairtgachers to begin rethinking
instruction, as these standards will require sttelenbecome critical thinkers and
problem-solvers in order that they may do well loa assessments.

Purpose of the Study

The purpose of this study was to explore both tielenges and benefits of
implementing problem-based inquiry in science lasgo assist teachers in transitioning
to a student-centered inquiry classroom. Thuesplored the challenges teachers
encountered in implementing this strategy. Thigl@satory case study documented,
described, and analyzed elementary teachers’ exypms in implementing problem-

based inquiry in science classes and used datativomphases. Phase | data came from
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a collection of extant data from an Extended Leayfiiime (ELT) research conducted in
summer 2012. Phase Il data was collected duriegaimmer of 2013.
Research Questions
This study investigated the following research tjoes:
1. What challenges do teachers face in shifting fraaaher-centered didactic
approach to student-centered teacher facilitatchieg?
2. What are the benefits of shifting from a teachea student-centered
approach?
3. How do teachers stimulate inquiry and enable stisdengenerate their own
guestions?
4. In what ways do student perceive they were engaggdnerating their own
guestions?
5. In what ways do the IDDL Inquiry Prompt Process #ralincorporation of
the 5E model support student science inquiry?
Theoretical Frameworks
The lenses of constructionism (Papert, 1991),idigied cognition (Hutchins,
1995a, 1995b), and Rigor/Relevance Framework guigedata collection, analysis, and
interpretation for this study. Both theoreticahstructs drew on concepts of how people
learn (Bransford et al., 2000) and viewed learr@a@ reconstruction of knowledge
rather than solely a transmission of knowledgee @fi' century advancement has been
in better understanding cognition —the mental pgedkat is involved in thinking, gaining

knowledge, perceiving, comprehending, and rememderChildren’s learning is most



15

effective when cognition develops via active engaget, participation in groups,
frequent interaction and feedback, and connectiaedl-world contexts (Roschelle et al.,
2000).
Constructionism Framework

This study’s theoretical perspective was baseaistuctionism that is
multidisciplinary in nature, drawing its influent®m philosophy, psychology, and
sociology (Kang, Choi, & Chang, 2007). Construcigon posits that individuals are
constantly constructing the reality of their woaldd that most knowledge is constructed
in and through social interaction (Spodark, 200B)is social construction of reality is an
ongoing and dynamic process, and it is driven aathtained by social interactions
(Berger & Luckman, 1967; Esterberg, 2002; Wheat®®@7). “Constructionism” in
action consists of ‘building knowledge structuriggéspective of the circumstances of the
learning” (Papert, 1991, p.1). Both students &aathers engage in the process of
constructing and reconstructing their own knowlettgeugh the use of problem-based
inquiry, which creates opportunities for engagemeritical thinking, investigation, and
discovery (Crawford, 2000; Burke, under review).
Distributed cognition

The distributed cognition theory developed outtbhegraphic studies of airline
cockpits and ship navigation (Hutchins, 1995a, 1993 he result of Hutchins’ study of
the navigation team, for instance, identified hasnpleting a cognitive task involved
using harmonized actions as well as specializetyation tools to accomplish a job that

was not possible to be done by any single individdallan, Hutchins, & Kirsh, 2000).
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This means that a coordination of activities isassary, not only between the people and
artifacts, but also across an ingrained culturentfary to traditional approaches,
distributed cognition stresses the social aspdategnition. The distributed cognition
theory provides a framework for exploring how cdiye activities are distributed across
groups, space, time, and artifacts (Hollan e2800). For the purpose of this study, both
constructionism and distributed cognition providieaamework for exploring how
teachers and students interact throughout an iyMpaised science unit.
Rigor/Relevance Framework

Daggett (2005, 2008) argued that the educatioresyst the United States has
not kept up with the changing nature of work, erdeament of technology and the
competitive job market despite all the efforts eatocs make. He identifies the measure
of academic excellence as a mean to provide ssasaments through giving a score to
individual students will not help our studentshieit competition to fill the available
jobs. The No Child Left Behind (NCLB) Legislatidxct created a pressure for all
educators to get their students to the minimumigesfcy levels. Daggett (2005) values
the state assessment but not as a finish linegmdile believes “if curriculum, instruction,
and relevant learning become focus, the testsaki# care of themselves” (p.1). This
has led the International Centre for Leadershifgdncation (where Daggett is the
founder and the president) to create the RigoriRelee Framework to examine
curriculum, instruction, and assessment. This &aork is based on two continual
(Bloom’s knowledge taxonomy, and the applicatiordedaleveloped by Daggett)

represented by a four-quadrant model. With thehasig this framework puts on making
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changes in curriculum and assessment, | have usedvaluate teachers effort in this
study in creating a problem-based inquiry environthand in leading to students
learning improvement.
Methods

This study employed an exploratory case study\estigate the implementation
of problem-based inquiry and its challenges ancfiesn(Yin, 2009). A case study, by
definition is an investigation of a definite pheremon (Merriam, 1988; Yin 2009) or an
exploration of a “bounded system” or a case...oveetihrough detailed, in-depth data
collection involving multiple sources of informatisich in context” (Creswell, 2008, p.
61). “The bounded system, or case, might be saldmtcause it is an instance of some
concern” (Merriam, 1988, pp. 9-10).
Rationale for Selection of the Study Site

The Carmel Elementary School (a pseudonym) offaredxcellent site for this
study because this school was designated as umftgrpig and required to initiate a
Turnaround reform process. The Turnaround modehie school required the district
to select a new administrator who in turn replaoeer 2/3 of the classroom teachers. All
teachers in the district could apply for and altluding current teachers at the school,
were interviewed for these positions.

As part of a requirement for the Turnaround pro¢kedearning time for students
was increased through a summer school Extendedibgafime (ELT). For this reason,

the school selected to extend student and teaeamrihg over a three-year problem-
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based inquiry of summer school session focusectiencse. Data were collected in the
second year of the program.

At the time, | was part of a research téahat started data collection. This
specific case captivated my interest into furtimestigating, documenting, describing,
and analyzing the outcome of problem-based ingmplementation. Thus this site
presented an excellent opportunity to explore hovblem-based inquiry was
implemented in the science lessons. When thetsesithat study were shared with the
school staff and administration a new opportunitsa to continue the study during the
implementation of the next summer of 2013.

Thus, a case study created an excellent environfoeoollecting a variety of
data including: surveys from students and teaclodservation notes, and interviews.
Therefore, the method of data collection for thiglg consisted of two phases involving
mixed methods. Both phases of data collection ds¢a from quantitative and
gualitative methods and multiple sources See Figjure | interviewed all eighteen
teachers to add to the qualitative data availaiole fPhase I. Because of the team effort
and individual work, | had access to a wealth argilative and qualitative data to
explore, analyze, and describe the outcomes gftiteaomenon under study. Therefore,
the extant data available to me for analysis insBHancluded: a mirrored pre and post
students’ teamwork survey. Qualitative data fas ffhase included: classroom
observation notes, teacher lesson plans, and stuaek samples of formative

assessments and final products.
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Qualitative Quantitative Qualitative Quantitative
Data Data Data Data
| Teac]fler | - Student Classroom Teache
| Interview | | teamwork survey Observation R e,
Classroom ‘ . Teacher Teacher Lesson | Pre&Fostscience |
Observation Questionnaire Plans Assessment
| TeacherLesson | Teacher Team
Plans | planning minutes
Student Work | Teacher Focus
Sample | Group Interview
Student Work
sample
Student Focus
Group Interview

Figure 1.1. Phase | and Phase Il of Data Collection

In Phase Il, quantitative data included: a mirrgoeeland post NGSS aligned
student assessment, and teacher survey. Qualitidia for Phase Il included: classroom
observation notes, planning materials such as ézaebekly lesson plans, and
collaboration and team planning minutes that wexstqal each week via Google Drive
and later made accessible to me. Integration ahtjiative and qualitative approaches of
data collection created a comprehensive imageeoéxiperiences of teachers’ efforts in
implementing problem-based inquiry strategy angstlates the challenges they
encountered and the benefits they observed.
Significance of the Study

Both the CCSS and NGSS place more emphasis orcecar scientific inquiry.

The NGSS emphasizes “deeper learning,” ensurirtgstbdents are able to apply what
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they know (National Academy of Science, retrievidg. 15, 2012). In an effort to
create internationally competitive students, stepge been taken to change the standards
in place. The next phase would be implementingructional strategies that enhance
students’ learning in Science, Technology, Engimgeand Mathematics (STEM)
disciplines and at the same time provide studerttsmultiple opportunities to learn and
practice 21 century competencies that play a major role iir fiséures in society. Many
elementary school teachers have limited backgroimssience and are using
instructional practices that have not been effectespecially in under-performing
schools serving high needs students, where thes foiconarily is on teacher-centered
didactic instruction. They will face challengestlasy work to meet new instructional
demands.

This study contributes to a better understandiniip@$e challenges. It strived to
find the reasons behind challenges teacher’s facedplementing problem-based
inquiry for science instruction. Findings fromdtstudy have the potential to impact
school practices and reforms. Also, the resulthisfstudy contribute to the larger field
of education in several ways: (1) it highlightedwhigachers and students go about taking
the first steps moving towards inquiry learning, i(2dentified the challenges and
benefits teachers encounter as they work to makstitit to a student-centered inquiry
classroom, (3) having students generate questemesaled to be a tool that can easily be
used by teachers in implementing problem-basedrynqd) the combined use of the
inquiry prompt questioning process and the 5E iegrmodel instructional model were

powerful processes for guiding both teachers amdiesits in engaging in problem-based
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inquiry units that were aligned to NGSS, (5) byntiiying powerful professional
development that support teachers in their jouraay, (6) the study theoretically
explored how constructionism, distributed cognitibaory and the Rigor/Relevance
Framework provided a basis for understanding tamlag process that occurs in
problem-based inquiry classrooms. This informatgihbe particularly useful to school
leaders, practitioners, and policy makers in idgimy what are the support and
professional development needs for teachers.

Definition of Key Terms
Common Core State Standards (CCE3)ntrary to the past where each state had its own
standards, CCSS are shared across each statetstgilents an understanding of what is
expected from them. CCSS are the first attemptdate a rich and succinct framework
to prepare students for college and career. Ehp®ssible by emphasizing rigorous
competencies, skills, and knowledge of English lLeagge Arts and Mathematics that
students need to learn to be academically sucdedsbuty-eight states, two territories,
and the District of Columbia adopted CCSS by 2010.
Constructionism:The key emphasis of constructionism is to reteal individuals and
groups take part in constructing their everydayityeaThe idea is that “knowledge is not
simply transmitted from teacher to student, buivatt constructed by the mind of the
learner” (Kafai & Resnick, 1996, p. 1).
Distributed cognition: As a branch of cognition science, distributed ctgniargues that
cognition is not narrowed to an individual; ratltes distributed across individuals,

space, artifacts, and time. Its proponents mairitat distribution of cognition extend to
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social interactions, material settings and acrioss.t More specifically, it is interaction
with one or more technologies, started from inteoas among people or the usage of the
products from the past.

Next Generation Science Standards (NGS3ese standards are based on the K-12
Science Education Framework developed by the NaltiResearch Council. NGSS are
collaborative, state-led efforts in creating K-tZesce standards that are not only rich in
content, but are also internationally benchmarkadorder for students to be college and

careers ready, they need to master these stan@axsis nextgenscience.orfretrieved,

Aug. 29, 2012).

Problem-based inquiryThis is defined as an “instructional (and curraailearner-
centered approach that empowers learners to conekezrch, integrate theory and
practice, and apply knowledge and skills to develamable solution to defined
problems” (Savery, 2006, p. 12).

Technology In this study technology is defined as a pigicequipment that students
have access to either at school or at home tosiada@l to gather information. This
includes equipment such as: camera, video, prajesbond recording equipment,

desktop computer, laptop, smart phone, iPod, a.iPa
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Endnotes

Throughout this dissertation ICT and technologyused interchangeably.

“Transformative Inquiry Design for Effective Schoalsd Systems (TIDES) is a non-profit organization
located in San Diego that thrives to transform etiooal system by partnering with school distreusl
engaging key stakeholders (superintendent, prifgipad teachers) in inquiry towards building efffex
schools for 21 century learners. The researcher, as part of BIBSearch team, participated in

conducting a research on the implementation oflprokbased inquiry during the summer of 2012



CHAPTER TWO: REVIEW OF RELATED LITERATURE

The intent of this literature review is twofoldir$t, it will provide a basis to
review the past literature. Second, it will usstpaerature review as a foundation to
discuss the structure for the present study. [kimture review begins with an
exploration of the historical development of leaghand traditional beliefs on how
children learn. It will then investigate the coptteal basis of schooling and current
educational needs for students’ success in theeti@tates. Traditional and didactic
instruction will be investigated to provide a compan base for the discussion on
problem-based inquiry. Then, problem-based inquitybe explored deeper as the
decisive instructional pedagogy that can help sttsi® attain competitive 2century
competencies. Last, the theoretical frameworkHerpresent study is discussed. For
this purpose, the theoretical constructs of contitnism and distributed cognition that
underlie many current studies are explored and tess&dme this study.

Introduction

As discussed in Chapter one, three primary foreesl@amanding and shaping
changes in American education: technology and gjlddaon, the nature of the learners
who are entering our schools, and the demand bpdasand higher education for
students to develop new competencies more in akgimmvith critical thinkers and
problem-solvers. Figure 2.1 captures these tloee$ and shows how they relate to the
three bodies of literature that will be reviewedhrs chapter. This figure provides a
visual for understanding the rest of the chapteimplies that before arriving at the
theoretical framework discussion, there are thrappmnterconnected secondary forces

pressuring 2% century schools that need to be reviewed. Thesenslary forces include:

24
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the historical development of the research on iagrand current understanding of the
way children learn; new standards such as Commaoe Sate Standards (CCSS) and the
Next Generation Science Standards, which requiveds to retool and rethink

education; and, an effective teaching strategy,emanproblem-based inquiry, which

aligns with the way children learn and the demasfdhe new standards.

5
EE
2%
e

New Standards

Figure 2.1. Visual Representation of Primary andoBdary Forces Affecting
21% Century Schools

Historical Development of Learning and the Way Chitiren Learn
Children’s learning is a complex topic. While aiosity for learning and

methods of influencing it have been around for gees, the systematic study of learning
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started in the early 30century (De Corte, 2010). The evolution of thedgtof mind and
brain, and the process of thinking and learning, ihareased in the last few decades
(National Research Council -NRC, 1996). Due te fiurrent political and educational
changes, Dumont, Istance, and Benavides (2010gdhg over recent years, learning
has moved center stage across many countries.e Tikeschanges include: a profound
transformation from reliance on an industrial ktnawledge base society, a strong focus
on measuring learning outcomes, the sense of megdhe limits of educational reforms
and the need for a fresh focus on education, thid development of information and
communication technology, and a growing researcie ba

In recent decades, advancement of technology anohttve towards
globalization have been the fundamental changésnghsocieties from an industrial to a
knowledge base (Dumont, Istance, & Benavides, 20T0)s transformation and an
emphasis on knowledge have created a substantisdratefor 21 century competencies.
This demand has called attention to the qualitygurhtity of learning occurring in
classrooms, with the concern that traditional apphes of learning are insufficient
(Dumont et al., 2010; Hargreaves & Shirley, 2000hK, 1999). As a result, researchers
believe that there is a need for transformatioscimools to change them into®2dentury
environments for learning. This is a transform@atiaoving away from the early %0
century views of education and learning.

In the early 1900s, behaviorists’ understandingpafning dominated thinking
and education in the United States (De Corte, 20T0)behaviorists, such as Thorndike
(1922), all human activities, including thinkingeling, and acting, were considered

behavior. Therefore, learning occurs when a belnasireinforced through stimulus-
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response connection. The basic idea of the behstvperspective implies that “learning
consists of a change in behavior based on the sitiqui strengthening and application
of associations between stimuli from the environtmerand observable responses of the
individual” (De Corte, 2010, p. 36). In other werdearning occurs as a response to
environmental stimuli. Learners were taken to asspve recipients of knowledge, and
textbooks were the preferred methods of instructiBkinner’s later radical or
selectionist behaviorism theory inherits from bebasm the idea that animals’ behavior
can be studied and further compared to human befsavEkinner, following the
behaviorists’ philosophy, emphasized the environtrasrthe cause of behavior and
focused on operant conditioning. His selectiometel identifies behavior as evolving
or selected by the environment (Magliaro, Locked3uton, 2005).

Concurrently with behaviorism, Gestalt psychologg #he Wirzburg School of
the psychology of thinking were also predominarnEurope. These schools, contrary to
their behaviorist counterparts, did not considerchslogy as the science of behavior.
Rather, they believed that the organized wholeagenthan the collection of its parts.
Thus, learning consisted of “gaining insight, digeang a structure, and hence of
acquiring understanding” (De Corte, 2010, p. 3B)e Wirzburg School, for instance,
emphasized the study of thinking and problem sglvimherefore, deep thinking
depended on using appropriate solution methodsraotived using specific methods for
solving specific problems.

In the late 1950s, an important change in Amergsythology known as the
“cognitive revolution” developed (De Corte, 201038). This revolution brought a shift

from behaviorism to cognitive psychology, a thettrgt posited individuals are an
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assembly of responses to external stimuli. Theywerceived as information
processors. Of course, Gestalt psychology antMimezburg School, along with the
emergence of computers as an “information-procgs$avice,” were influences on the
shift to cognitive psychology (De Corte, 2010, 8).3Learning, for cognitive
psychology, was seen as knowledge acquisitionviddals exposed to diverse
information absorbed the information, and througime cognitive operation in their
minds, could save the information to memory (Det€d010). Thus, the cognitive
psychology movement brought a fundamental changeniphasizing the central role of
information processing and knowledge acquisitiomdividuals.

During the 1970s and 1980s, as a result of numessearch studies on human
learning and thinking, an idea emerged that huraamsot passive recipients of
information, but rather they actively participatetihe creation of their knowledge. The
focus was on the learner as a sense-maker (De,Q066). Research influenced by the
work of Piaget (1962) and Bruner (1961) resultethsmadvent of constructivism.
According to constructivism, learners actively pap@ate in constructing their
knowledge. Contrary to Gestalt psychology, whiatv $earning as a recording of the
information, constructivism viewed learning as iptetation of information and
knowledge construction.

In the late 20 century, the constructivist perception of learnives revised to
take into consideration the impact of context amda action (Kafia & Resnick, 1996).
Of course, it was heavily impacted by the work osBan psychologist, Vygotsky.
Piaget’s view led to constructivism and Vygotskyonived at the same time as Piaget,

offered a broader conception of constructivisms ¥ew differed from Piaget’ view in
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the sense that he believed learning leads to dewedot. This is contrary to Piaget, who
believed that development leads to learning. Tgofsky, children collaborate in co-
constructing their own knowledge. But, at the séame, their learning is shaped by their
surroundings, i.e., environment, community, peopiends, and family. That is why
discussion of this theory all have social or cidtwrords included, such as sociocultural
theory, cultural-historical theory, or social-histal theory.

There were two important factors in his vision. g@isky (1978) referred to
scaffolding as instructional support teachers dae t students when they are learning
new skills, content, or knowledge. In this waye target objective will be reached
through a set of sequential step-by-step skillsdhabroken down into smaller chunk for
better acquisition. Learners’ readiness for neawkiedge is also facilitated through
what Vygotsky labeled the zone of proximal develepin This is a bridge between what
learners can do on their own and what they aretatdecomplish with another person’s
help (such as a teacher, friend, other classmafmgrents). The emergence of social
constructionism, based on Vygotsky’s work, emplesthe fact that learning happens
during social interaction; in other words, it isapled through participation and social
negotiation.

During the last two decades, research studiesayniteg in education have
focused on learning and teaching in real classroohis has made significant
contributions to the understanding of student legrm various school subjects while at
the same time helping to understand a varietyauftmg strategies that have enabled

effective learning.
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Current Understanding of Learning. Bransford et al. (2006) differentiated
among three main branches of research on leanmmdjcit learning and the brain;
informal learning; and designs for formal learnargl beyond. Implicit learning
encompasses learning environments in which leatmapgpens naturally and information
is acquired without the individual's awareness. ekample of this would be language
learning in young children. Informal learning i&iad of learning that happens in a non-
school setting, such as in playgrounds and museuiasigns for formal learning and
beyond correspond with learning in both educatice#ings, such as schools, and
“beyond,” thus making a connection to informal teag activities (Bransford et al.,
2006).

Another significant issue in the current understagaf learning is the
acquisition of “adaptive expertise.” An importamtad for learning in different subjects is
to acquire “adaptive expertise” or “adaptive congpek,” as compared to “routine
expertise” (Bransford et al., 2006; De Corte, 2048tano & Inagaki, 1986). A routine
expertise entails the ability to do a set of comptautines skillfully and accurately
(Bransford et al., 2006; Hatano & Inagaki, 1986hjlesadaptive expertise or competence
is the “ability to apply meaningfully-learned knaaglige and skills flexibly and creatively
in different situation” (De Corte, 2010, p. 45)hi¥ means that adaptive expertise
requires the individuals to stretch their knowledge move away from their existing
comfort zone (Bransford et al., 2006). To develop expertise in students means
helping them learn about themselves as thinkergpastlem-solvers (Bransford et al.,
2006) and, at the same time, encouraging acquisificome cognitive, affective, and

motivational components (De Corte, 2010). To Istadients towards adaptive expertise
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requires moving away from traditional teacher-diedcand guided learning towards
using novel classrooms practices. “School learnegds to be more ambitious than was
traditionally the case in taking on additional aitiees: it should be active/constructive,
cumulative, self-regulated, goal-directed, situatadlaborative, and knowledge
building” (De Corte, 2010, p. 47). This is whatBsford et al. (2006) call “design for
formal learning and beyond” where the studentsddtrtheir adaptive expertise beyond
their comfort zone.
Current Learners

Today'’s students (born during the mid- to late-19%0e referred to as
Generation Z (McCoog, 2008; Walliker, 2008). Tlaeg also being called the New
Millennium Learners (Dumont et al., 2010), MilleahGeneration, Internet Generation,
Net Generation, and/or Digital Native (Prensky, 200This new generation forms a
cohort that is ready and prepared to respond towsiand fast stimuli. Understanding
how they play, learn, and socialize outside thestlaom and school environment is
essential to identify how they learn (Ananiadou &G, 2009). Digital media has
transformed learning environments for these stueytallowing them to network and to
have access to information anywhere and at any(fduenont et al., 2010). They are
highly connected and very comfortable with usinglrag¢echnologies such as mobile
phones, instant messaging, YouTube, Facebook, agd, ® name a few.
Technological advancement throughout the globeitanthpact on our societies has
created various non-formal learning situationsstoidents that cannot be ignored. Many
members of Generation Z are rarely found withoatrtbell phones, most of which have

Internet access. This generation is typically gegan social interactions in the digital



32

context and readily available access to ICT has@ha the way they obtain information
and acquire knowledge. Today’s learners, disthactiom previous generations, learn
differently in that their learning is “highly so¢janvolves a good deal of experimentation
and ‘tinkering,” and encourages the production stmaring of knowledge. Digital media
facilitates learning that is more about interactiom participation and not the passive
consumption of information and knowledge (Anania&oGlaro, 2009 cited in Dumont

et al., 2010, p. 25).

While digital communications come easy to GenenaZipthey still need to learn
how to change these tools from a piece of equiprfagréntertainment) to an educational
aid and tool. Teachers will need to change fraditional teaching methods to ways of
teaching that put students in charge of their iegrnSo one needs to question how
present-day schools are challenging and engagingr@egon Z's minds. In the next
section, | will provide a short review of tradit@inrschooling and the need to move away
from it and towards a system that helps to prepaargents for the current and future job
market.

21 Century Schooling

Perpetuation of the Traditional American School Mocel. Traditionally,
schooling in the United States has been and cagitmbe under local control. There is
no national curriculum, and the various statesraoharge of their own curricular
guidelines, teacher training, and graduation regoents (Milson & Kerski, 2012). The
current U.S. education system is rooted in a tiathl school system, in teacher-centered
instruction where skills are drilled into studergsademic fields are taught separately

with a focus on “back to basics,” there is an engpghan ‘obedience to authority.” In
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addition, technology has not been fully recognias@n essential tool for learning (Dede,
2009; Kohn, 1999). In such school system, scievaelearned by reading science
textbooks and through memorizing important ternex{genscience, retrieved, Aug. 22,
2012), with focusing on learning “what do sciergtikhow.” Nowadays, the shift to
Science, Technology, Engineering, and Mathema8&%&\) and incorporating more
problem solving and critical thinking although imteble, is hard because supporting
students to get there seems to be somewhat profddegnaen our current educational
system (Kohn, 1999).

As | mentioned in chapter one, the current focusuoficulum does not match the
need for future changes. The traditional way atheng needs to give way to the ones
that put students in charge of their learning.

The Need to Modify the Traditional Schooling Model. According to Kohn
(1999), traditional schooling is unproductive amdppealing with its worksheets, drills,
and tests. Knowing that the “United States isditamstill while more focused nations
move rapidly ahead” (Darling-Hammond, 2010, p.@gests that traditional schooling
is one of the reasons students are not learniegtefély (Kohn, 1999). The flaws in the
present system call for a different kind of edumatia kind that instills the competencies
students need to prepare them for careers andyeoll& review of the literature in this
area demonstrates that since the 1980s, the regpntdor transforming the education
system has stemmed from a range of organizatiorcamanission reports. This range of
reports includes: the National Council of Teact#rslathematics (NCTM) report
(2009); National Research Council report (1996)itN&entral Regional Educational

Laboratory (NCREL) policy proposal (2003); Partmgpsfor 21 Century Skills (P21)
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policy proposal (2004); and scholarly researchhsaasgKohn (1999), and Levy and
Murnane (2004). All these reports, policy propssahd scholarly works assert that
learning should support “inquiry, application, puation, and problem-solving” (Barron
& Darling-Hammond, 2010) and should help studentadquire competencies that are
nurtured in the real world through complex and nregial projects.

Recently, Hargreaves and Shirley (2009) infer ftbeir studies of the highest-
performing systems that the best hope for educéiienn “change” strategies. They
sought to demonstrate that the old approachesucagidnal change are not well suited
for the core changes of the®2dentury. They have uncovered the strengths and
limitations of change efforts in education since 1960s believing that lessons learned
from the past are important for positive and suasidlie changes in the future. Also, they
believe, uncovering flaws of past educational re®provides a platform for their
suggested “fourth way.” They advocate for keepiy Gualities from each of the past
educational change efforts. For instance, thegastgwe keep inspiration, innovation,
and autonomy from the first wave of reform; urgeremmynsistency, and all-inclusive
equity from the second; and, balance and inclugisgnpublic involvement, financial
reinvestment, better evidence, and professionator&tfrom the third reform effort.
Advocating for an educational reform such as thetfoway, Hargreaves and Shirley
(2009) suggest keeping the best qualities fromipusveducational changes to create
outstanding reform in student learning and achieargm

In short, the first step towards helping studé@some more competent in STEM
disciplines starts from a few fundamental changebke education system as a whole.

Per Hargreaves and Shirley’s argument, (2009) eitucaystems of the 21century
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need to be transformed by moving away from higkestdesting into encouraging
innovation and creativity through selecting critizestructional strategies.

The need for new schooling. The pre-digital learning environment is portrayed
as a controlled environment with highly directestufsed, and limited resources. Despite
the push toward the digital world, expectations anttomes of schooling are still
measured by the last- century standards. Not#gaog the role of the educational system
was to prepare students who could academicallyeaerand help them to attain skills,
knowledge, and behavior to succeed in an industoailety. Today, the age of
industrialization has passed, and we have steppiedhie knowledge/information/digital
age where new skills are demanded (Hill & Hann&2B01). David (1994) defined the
American educational system as an interlockingajgpuzzle. To be successful with
introducing any transformation such as the usedirology, or to implement a new
instructional strategy other than the traditionalyywother pieces of this puzzle, i.e.,
teacher development, curriculum, and assessmedttodxe equally challenged.

The Trends in International Mathematics and SciStaey (TIMSS) ranked U.S.
students as 2Yin eighth grade science and™3& math in a comparison of 40 developed
nations (Darling-Hammond, 2009). The Programmaérftarnational Student
Assessment (PISA) has also ranked U.S. stude@®%and 28' compared to 65 other
nations in science and mathematics (OECD, 2018us;TAmerican students are lagging
behind their international peers in science ancheratatics (Darling-Hammond, 2010,
2007; OECD, 2010, 2013). For U.S. students todbe @ compete and thrive at the
global level, they need to demonstrate strong fatiods in mathematics and science

because the employment opportunities are expanaliS§EM-related disciplines
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(Achieve Report, 2010). Coincidentally, U.S. studeshow a lack in applying their
knowledge to real world skills; they lack the “atlap expertise” mentioned earlier.
Where to focus and how to introduce the requireahgks into the current schooling
system is a pressing issue for current educateysiéms. This is not an easy task, as
there is vast disagreement on this topic. In #d section of this chapter | will discuss
three areas more closely: lack of science teadmlgscience standards, emergence of
new standards, and the direct instruction strat@dys will lead my discussion to the
problem-based inquiry and ways it can instilf'2&ntury skills and competencies in
students.

Lack of Science Teaching and Science Standardé. review ofNo Child Left
Behind(NCLB) shows that when Congress passed this ksl in 2001, the
expectation was that stronger accountability dissewould be brought into public
education. The goal of NCLB was two-fold: firgi,ihcrease the academic performance
of all children, and second, to reduce the achiergrgap. NCLB focused on
standardized testing to create a homogenous clumicfor various states (Cuban, 2008;
Darling-Hammond, 2010). However, the false emhatione-size-fits-all’
standardized testing and the shift towards higkesgecountability was so grave that it
created a culture of ‘teaching to the test’ (Haagess, & Shirley, 2009). An unintended
consequence of NCLB’s accountability and high ssadssessments is that science
education has been put on hold or has encountareeis such as limited time where
minimal or no support is provided for teachers {(DgrHammond, 2010; Johnson et al.,
2012). Science was squeezed out of classroomscialip elementary school

classrooms, to make room for reading and math uth@gpressure of NCLB. The lack of
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science instruction is particularly acute in sclsa#rving high percentages of low
income, diverse student learning English as a sklaorguage. A decade after NCLB,
the abundant testing data provides proof of itsifaiin raising academic performance,
narrowing the achievement gap, and preparing Araerstudents for the future job
market.

Need for science learning. The recent development and changes in the growth of
the economy have identified Science, Technologgitgering, and Mathematics
(STEM) disciplines as the cornerstone of an advésceiety (National Research
Council, 1996; National Science Foundation, 199@) the demands for STEM
competencies have increased steadily (Carnevaligh S8nMelton, 2011). American
students need to demonstrate strong foundatiomathematics and science because
employment opportunities are expanding in STEMteelalisciplines (Achieve Report,
2010). “At least 70% of U.S. jobs now require spkzred knowledge and skills”
(Darling-Hammond, 2010, p. 2). The nature of tleekplace has also changed rapidly,
as the top 10 percent of in-demands jobs of 20d(di even exist in 2004 (Gunderson,
Jones, & Scanland, 2004). Accordingly, to be ableompete for entry into the work
place in science-related disciplines, students teédve an education that emphasizes
the development of competencies that are especisdiful in learning and using science.
Science education also plays a central role fastatients as it is preparing them to
become informed citizens. In the past, many coemmes have not developed in
students and one possible explanation for thislpnolis the limited or non-teaching of
science. With the development of technology amdniw directions in the job market,

the teaching of science is of considerable impagan
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Emergence of New Standards

In the following sections, | will review the lack science standards and the need
for having them. We cannot afford not to teacleisce anymore.

Lack of Science StandardsWhen it comes to science, there have been two
critical concerns: the lack of science teaching wedack of clear science standards to
guide K-12 instruction. Presently, both the NatidResearch Council (NRC) and the
National Science Foundation (NSF) stress the STERIglines as the cornerstones of an
advanced society and propose that the demandg M Sompetencies have increased
vastly (Carnevale et al., 2011). During the 199@$he United States, various national
associations of educators started to create stasdar different subject areas. For
instance, the American Association for the Advaneenof Science (AAAS) (1993)
created benchmarks for science literacy; the Nati@ouncil for the Social Studies
(NCSS) (1994) worked on standards for social s@snihe National Geography
Education Standards Project (NGESP) (1994) devdlsfandards for geography; and
the National Research Committee (NRC) (1996) depezldhe science standards (as
cited in Milson & Kerski, 2012). The work by AAA&hd NRC in science standards and
literacy were used by various states to develde st@ence standards, although usage
was limited. Still, these documents have aged,aavancements in the world dictated
transformational reforms in the science educaty@tesn to better prepare students for
the competitive global workplace.

The Need for New Standards.The results of the international science
assessment have directed science education comasuniembark upon the task of

developing a new science framework to replace akehse standards, in response to the
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workforce demands. This has primed initiation @i@tional reforms in various
disciplines that will bring with them a set of skdrstandards that can be accepted by all
50 states to create an educational unity. Onkase reforms is the adopted Next
Generation Science Standards (NGSS). With an esipba ‘deeper learning,” NGSS
supports science instruction that is limited in tn@mof core ideas but is explored in a
greater depth.

To move towards the needed change in the STEMpdiises, and in science
education in particular, NRC was in charge of angpa framework for the science
standards and consequenfghieve aligned NGSS with that framework (Achieve
Report, 2010). Contrary to NCLB that was a fedgmlernment initiative, NGSS is a
state-led effort with no federal government invohent. It is based on the
recommendations from National Research Council (N&@ was partly funded by the
Carnegie Corporation of New York. NGSS has mowed creating core ideas and
practices in science. This move should reducétinden on teachers who were covering
many skills in the past and provide them a chaadedus on mastering fewer relevant
skills. To develop these core ideas, the NRC assget of criteria. In order for any idea
to be considered as a core science idea, it hackét at least two of four criteria. It had
to:

¢ have a broad importance

e provide a key tool to better understand compleasde

e be either related to life experience of the stuslentoe connected
to their societal concerns

e be teachable at various grade levels.
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Additionally, after reviewing numerous science feamorks, standards, and
benchmarks and the related research on teachinipamdng of science, four domains of
science (i.e., life sciences, physical scienceshead space sciences, and engineering
and technology) were explored to create theseidess. Students who are college and
career bound need to master these core ideasstacbessful in the future.

Moreover, to prepare students for the future jobketsand to set internationally
accepted standardschieveexamined ten sets of international standardsifforreasons:
to inform the conceptual framework of science anddvelop the NGSS. These
standards were selected from countries either barséideir performance on the Program
for International Student Assessment (PISA) anthleir “economic, political or cultural
importance to the United States” (Achieve Repdi,®. The countries examined
imposed certain requirements on their student$) ag@articipating in integrated science
instruction from primary school, providing multipégamples, having a clear
organization and format, making connections tosssents, and developing students’
ability to use inquiry (Achieve Report, 2010).

In short, 26 states and several organizationslomiéded in creating NGSS that
went into effect in early 2013 and by the end a&f 2013 nine states (Rhode
Island, Kentucky, Kansas, Maryland, Vermont, Cahfa, Delaware, Washington, and
the District of Columbia) have adopted it. FollogiCCSS, NGSS fulfills the second
step towards helping students in their acquisitibneeded competencies for the STEM
disciplines. It also set the needed standardsdience inclusion and calls for schools to
arm students with problem solving, critical thingsicompetencies, and the ability to work

collaboratively and cooperatively.
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Traditional Way of Teaching: Direct Instruction

Rooted in the behavioral theory of B. F. Skinm@rect instruction has played a
major role in schools since the mid 1960s (Magletral., 2005). Direct instruction
generally refers to instruction led by the teachieéfsas a variety of general and specific
meanings, both negative and positive (Rosenshi@8)2 Direct instruction, according
to The National Institute for Direct InstructionIffDI), is a model of teaching that is
designed to teach small learning increments archieg tasks through well-developed
and carefully planned lessons (NIFDI, n.d.). Thsi$ for direct instruction is that clear
instruction eliminates any misunderstanding whiltha same time enhances and
accelerates learning (California Department of E&dioa, n.d.). Siegfried Engelmann
and Wesley Becker applied the term direct instaicto a pedagogical model of
instruction in 1964. They created this model atttmiversity of Illinois at Champagne-
Urbana under a Project Follow Through grant. Tiheljeve that correctly used, this
instruction can improve academic performance. dexiresearch studies have attested to
the positive impact of direct instruction (see Rec& Tarver, 1997; Forness, Kavale,
Blum, & Lloyd, 1997). There is no valuing teacher®ativity with this model because
it requires teachers to follow certain carefullggeribed instructional practices (NIFDI,
n.d.). Itis currently applied in most schoolghe United States, Canada, and the United
Kingdom. This is an explicit teaching of skill setin this system teachers lead teacher-
centered classrooms where they stand in fronteotlfiss presenting standard-based
materials according to the adopted textbooks by suhool and district.

Direct instruction is not appropriate to teachsalbject areas because it is an

instructional strategy that is teacher-centeredlectre-based and teaches rules and
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facts through question answer practice. Resedmmlvsthat direct instruction has been
effective in teaching basic skills, accelerate@nnéntion cases, practices in special
education settings, and for subject matters, saalkading, language arts, math, spelling,
and writing. In other words, traditional teachimgthod or lecturing has shown to be a
successful method of instruction when studentsreaorizing and rote learning, and in
the instruction of high achiever students (Knight\®&od, 2005). It has been successful
in such areas mainly because it encourages giwrgsts information in sequential
small pieces, and moving on to the next point avitgn they have shown understanding
of the present point. Direct instruction does megate the constructivist view that
students construct learning meanings for themselRRagher, with direct instruction, the
teacher’s role is to maximize students’ active king on the topic. This means that it is
based on full class instruction covering the firsee components of Bloom’s taxonomy.
Students need teachers to explain exactly whatpeaed of them and to show them in
details what steps to take to get there. Direstrirction classroom environments are
competitive and teacher-controlled. The centrappse of this model is “promoting
student on-task behavior through explicit instragtiongoing support, and student
engagement” (Magliaro et al., 2005, p 51).

During the last decade, new legislation has creatiadse emphasis at schools to
prepare students for high-stakes testing. Daity$ads to prepare students for their bi-
monthly benchmark assessments. These assessmeensed as predictors of student
performance on high-stakes standardized test® artti of the year, and the results of
these tests are highly valued. This leads to stistdaot being effectively taught how to

think critically and apply what they have learnedew situations.
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The Need for a Shift in Teaching Strategies

Along with the new standards comes the urgencydpare students for the
challenges of the future. To do so, we cannot esigk and use methods of the past
(Kohn, 1999). Currently the major issue of disamss&mong educators is finding the
most effective method by which we can provide shiislevith educational experiences
that will lead to their success in the future (Haayes & Shirley, 2009). With NGSS,
change has happened by identifying new standdrds)ext step is to introduce a shift in
the teaching strategies from teacher-centeredittest-centered. Research demonstrates
that the most sought after2¢entury competencies are not learned in isolatather,
they are learned through interdisciplinary, intégada project and problem-based
activities. Teachers are required to implemerdstsiaom methods that help students
develop the competencies identified as necessasuficess in the 2kentury. With the
swell of e-learning, blogs, wikis, and online cbltmations, teachers are no longer the
only supplier of knowledge in the classroom. Tegshresponsibilities have expanded
and transcended mere lecturing to include theabéefacilitator of learning in the
classroom. Teachers need to coach, guide, an@ fwoldeeper understanding, while
supporting students’ initiatives at the same time.

Problem-based Inquiry as An Instructional Strategyfor Deep 2" Century
Learning. The educational system and society go hand-in-h&mdne organization —
the educational system, students learn creativithvarious methods of problem solving;
these students are the same ones who will be ftergublocks of society in the future.
In traditional classrooms, students often havke lgpportunities to interact with each

other, or even the teacher, thus leaving them witpooper support for learning. The
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ever-growing body of research on learning and gmpmte instructional strategies
confirms problem-based inquiry as a strategy thavely engages students in their own
sense-making and knowledge-building journey (Gafd®®3; Knapp, 1995; Braddock &
McPartland, 1993). For the past 25 years, polmgtiihes have promoted the use of
inquiry in K-12 science (American Association faetAdvancement of Science, 1990,
1993), and both CCSS and NGSS also emphasize geetance of inquiry in students’
deeper learning. Although problem-based inquirg d@veloped in medical school, its
spread to other education levels has proven tasbtil) especially in the teaching of
science.

In order to understand the reasons for why &intury skills are important now,
Barell (2010) suggests that we should look intortee and threatening domestic and
foreign problems. He views problem-based inqusaatrategy that helps students to
explore and even begins to address these real warldems. When engaged in
problem-based inquiry, students generally ask gpastions, conduct investigations,
draw conclusions, and reflect and comment on megauisolutions; these are all
strategies that align with the scientific proceBargll, 2010). Children learn best when
they participate actively in the construction oblwriedge through a combination of
collaborative interaction, and experience with otlassmates and the teacher (Roschelle
et al., 2000). Problem-based inquiry is in congkipport and agreement with various
learning styles and that is why it leads to stusl@atively engaging in the learning
process. Students are not merely passive recgparkinowledge using this strategy
(Barell, 2010). Problem-based inquiry also chajesteachers in reconstructing their

own understanding of problem solving.
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Not only do the roles of teachers and students teebd rethought, but also
educational programs and their goals must be resiemed (Barell, 2010). Amongst the
featured descriptions of problem-based inquirhesinitiation of the shift from a teacher-
centered learning environment to a student-centemed The emphasis should be on
deep learning where students work individuallyrosimall groups, and are encouraged to
work on the real world problems. Tackling suclueswill enable students to refine their
own understanding and achieve more concrete outedikheursund, 1999). Students
who are taught with problem-based inquiry learbrinstorm to solve problem and
create new knowledge for themselves. Therefoeendw content knowledge is gained
through solving the problem. There are severalsstevolved in the implementation of
problem-based inquiry. This involves fewer instrmigal goals to be set, but the learning
process demands very specific content knowledgeskifid. Furthermore, problem
solving techniques and problem-based inquiry presisupport for structured
collaborative knowledge building when it encouratiessgroup members to
communicate their ideas in various forms of questig, statements or drawing
conclusions. It is through participation in conthgroup discussions that members
become aware of how to organize their knowledge.

In a meta analysi§chroederScott, Homer, Huang, and Lee (2006) investigated
the effects of various science teaching strategiestudents’ achievement. They looked
at 61 studies carried out in the United States éetwi980-2004 and found a high effect
size (d=0.65) for inquiry strategy. In another anahalysis of 140 studies that compared
the effects of traditional science teaching stratewith alternative strategies, Wise

(1996) found that alternative strategies are mtiex#ve and students who are taught
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with those alternative strategies performed betiés.found the inquiry-oriented
instruction to be the featured characteristic osthalternative strategies and
recommended inquiry approach as the predominambapp to teaching science.

Research also supports learning that occurs rapidgn students have frequent
chances to apply what they have recently learndchtso when they receive immediate
and frequent feedbacks (Marzano, 2009). As patie@froup involvement, students
demonstrate an increased motivation towards legyainieeper understanding of
concepts and an increased willingness to challdiffjeult questions.

When learning is conceptualized as inquiry (Dewl&?2), problem-based
inquiry is one pedagogical approach that shows @®m better meeting the needs of
today’s students and preparing them for an infolwnatich, technology driven and
global society. According to NGSS teaching of sceeshould be focused on a limited
number of core ideas for students to learn in gred@pth and problem-based inquiry is a
promising approach to adopt for teaching scientalso engages students in
communication, collaboration, creativity, criticghinking, and teamwork. Research
suggests that students learn and retain informatioch better and longer when they are
actively engaged in their own learning in an enwmnent that is designed to motivate
them with teachers who are facilitatorsactivators(Fullan, 2013; Hattie, 2009) of
learning. Gultekin (2005) found that problem-basegiiry makes learning “enjoyable,
meaningful and permanent, and develops essentlahgvortant skills in students” (p.
553). When students work in collaboration anceemnts, they play a key role in their

own learning through active participation and daeabf their own outcomes.
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In short, to enable students to investigate, desigrate, analyze, and evaluate as
the NGSS propose, teachers need to make a shftdrieacher-centered learning
environment to a student-centered one. As | calgcthis section, | am reminded of an
assumption of this study: that for today’s learnkgarning is social and they need
numerous experimentations to produce and sharelkdge. This emphasizes that
learning is about interaction and participation #mel problem-based inquiry is an
instructional approach that can help teachers,adshand districts make the shift to a
student-centered learning environment.

Theoretical frameworks

The research process is the passage from theordata (Esterberg, 2002). As a
researcher, | theorized my research by developsar®mlogical imaginationi.e., “the
ability to see individual issues within a largecisb context” (Esterberg, 2002, p.4). My
selected theory further helped to explain variaaiens of the social world that | was
exploring. “One cannot properly implement a stwdhout a guiding theory”

(Kawulich, 2009, p. 40). Itis this guiding thedhat determined the type of things of
interests to me and the type of questions | askktr{am, 1998).

Building a framework for this research project inwaml a coordination of both
distributed cognition, constructionism perspectj\a®l the use of Rigor/Relevance
Framework. Thus, the theoretical grounding fos 8tudy was borrowed from:
constructionism and distributed cognition and rgaiast the Rigor/Relevance
Framework. Constructionism posits that as indivisiuae are constantly constructing the
reality of our world. Distributed cognition thepess that knowledge is distributed

amongst individuals, tools, space, and artifacts.



48

Constructionism Framework

Historically, the theoretical framework for leargihas traveled from behaviorism
to cognitive psychology, and from constructivisntamstructionism (De Corte, 2010).
Therefore, constructionism expands from the constism concept. Constructivists
believe that children actively take part in cregtand constructing their own knowledge,
contrary to the previous views that labeled themassive learners waiting for the
teachers to transmit the information to them. @uwiesionism takes its theory one step
further from constructivism by claiming that knoatge is constructed in social
interaction (Jonassen, Peck, &Wilson, 1999; SpqdzdR5). Papert (1991) provides the
simplest definition of constructionism as “learniog-making” (P.1). He says:
[c]onstructionism —the N word as opposed to the V word—sharestoactvism's
connotation of learning as "building knowledge staues" irrespective of the
circumstances of the learning. It then adds tka ithat this happens especially
felicitously in a context where the learner is adagsly engaged in constructing a public
entity, whether it's a sand castle on the beaehtbeory of the universe” (Papert, 1991,
P. 1, emphasis in original). This means that keo\ge is built and not supplied, and the
construction of knowledge happens best when childre engaged in building
something. “Constructionist thinking adds to tlestructivist viewpoint. Where
constructivism casts the subject as an active éuddd argues against passive models of
learning and development, constructionism placa#iaal emphasis on particular
constructions of the subject which are externalgimated” (Shaw, 1996, p. 177).

Accordingly, constructionism stresses the extenwld, environment, and the

artifacts children are participating in buildingafia and Resnick (1996) view
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constructionism as both a theory of learning asttategy of education. They express
that students make new ideas when they are activatyved in making external
artifacts, such as a robot, a sandcastle, andra.pd@erefore one of the tenets of
constructionism is considered to be the learnasv@ construction of knowledge from
personal experience. Kafia and Resnick (1996keastructionism as being involved in
two intertwined types of construction: the constiart of the external artifacts, and the
construction of knowledge (p. 1). They also stsesseral dimensions in which that
constructionism differs from other learning theeriene, is when others define
knowledge acquisition in cognitive terms, constiuasts consider the importance of
affect and argue that learners engage more on profestate personally meaningful to
them. Second, constructionism emphasizigetsity” This means both various learning
styles and various representations of knowledgaekaowledged. Third,
constructionism suggests a strong relation betwiesign and learning. This is why they
believe that activities that involve designing aakimg provide a rich basis for learning.
Lastly, constructionism values the social naturkeafning and the vital role of the
community. “There is a growing appreciation foe tiole that communities play in the
learning process: community members act as colédbrs, coaches, audience, and co-
constructor of knowledge” (Kafia and Resnick, 1996).

Research testifies a constructionist framework/igies theoretical support to
teachers facilitating students in the process oftracting and reconstructing their own
knowledge through the use of inquiry-based learaimg) engagement in higher order
thinking and problem-solving (Crawford, 2000, p8R21 At the same time, inquiry,

critical thinking, social awareness, and reflectwa the skills needed for both teachers’



50

and students’ success. Constructionism providessathrough which the learning of
both teachers and students are analyzed. Teaalgersthe process of implementing a
newly learned inquiry approach for their studemd at the same time are providing
students with a chance to learn from hands-oniies\vntegrated with the
constructionism approach. This will give studehes opportunity to move into building
essential learning blocks for their own knowleddelditionally, working in small group
and being in a social context provides students ogiportunities to opt for endeavoring
more complex skills than what they can executeald@imply being able to work in a
group and be in contact with their peers giveseasttglthe valuable opportunity to discuss
various tasks, verbalize their thinking, and inatat model what other students are
doing.

Constructionism provided me with a lens throughaohhip analyze the
construction of knowledge and the learning of sceematerials for these elementary
teachers and students. It is through this lerisl tvgplored the diversity of students’
learning style and reproduction of knowledge inpdormat, and investigated the
social nature of learning. The constructionisnslenther helped me to explore the
construction of external artifacts through the megs and significance they had for
students. Also, it was of important value to realihat the social construction of the
reality was an ongoing and dynamic process thatdsgen and maintained by social
interactions (Esterberg, 2002). Next, | will dissumy other theoretical concept-

Distributed Cognition Theory.
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Distributed Cognition

One of the advancements in thé"2@ntury has been in understanding cognition
—the mental process that is involved in thinkinginghg knowledge, perceiving,
comprehending, and remembering. The cognitivege®ivolves the performance of
complex cognitive activity that happens in the byéike the process of remembering and
thinking. Cognitive psychology started with foaugion the structure and use of
knowledge in the individual mind. Thus, cognitaas bounded to an individual person,
thereby, explicitly leaving culture, context, andtary out to avoid creating any complex
understanding of cognition (Hutchins, 2000). Ad¢ thme, laboratories were the research
sites and individuals were the units of analydikis setting provided a limited
understanding of how cognition takes place in dweald setting (Hutchins, 1995a). As
a result, the “classical” vision of cognition waslbfrom the inside-out. “From that
starting point, it followed that memory could beses retrieval from a stored symbolic
database, that problem solving was a form of Idgridarences, that the environment is a
problem domain, and the body was an input deviekit¢hins, 2000, p. 10).

Distributed cognition supporters claim the disttibn of cognition extends out of
individual’'s head to cover social interactions, enetl settings, and artifacts. Therefore,
researchers use a broader unit of analysis toel#igboundary of the cognitive system.
This can include: the mind of a single individuabls or artifacts one person is using, or
a group of people working together with their tools other words, distributed cognition
(D-Cog) attempts to understand the organizatioroghitive systems from the outside-
in, “beginning with the social and material settofgcognitive activity, so that culture,

context, and history can be linked with the coreaspts of cognition” (Hutchins, 2000,
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p. 10). He argues, that cognition is about infdrameprocessing, and when a real world
problem is of concern, such as navigating a shipymation is processed and passed
between people and artifacts (Hutchins, 2000).egsential notion of D-Cog is the idea
that there might be a difference in the cognitiveperty of an individual and a group.
This means that sometimes a task might be too eaipt an individual to accomplish
in a short amount of time, but a group can doafiprently. Hutchins uses examples
from his study that show under harsh circumstatioe$eam managed to divide the task
amongst individuals with specialized tools and tigto group interactions they were able
to accomplish the task.

Tenets of Distributed Cognition. Distributed cognition has three main tenets:
socially distributed cognition, embodied cognitiamd culture and cognition. From one
side D-Cog has the view of the social distributtdrcognition, while from the other side,
it has an embodied or ecological view. The fiestet is socially distributed cognition.
The emerging idea is that “social organizatiorigslf a form of cognitive architecture”
(Hollan et al., 2000, p. 177). Cognitive procesm@snot just socially distributed; rather,
they encompass both interactions between peopléhangtructure in their environments.
For instance, in Hutchin’s study, an aviation tdzad to calculate the position of the ship
at all times (1995a). The team was made up ofrateeewmen who use various
instruments to determine the bearing of specificllaarks. The team also had an
additional two crewmen, one who would coordinateltbarings and record them while
the other plots the bearing on a map. The actidhisflast person who plotted the
bearings on the map determined the future posttfdhe ship. However, the last plotting

did not mean that person works alone; on the copttiais team works alongside each
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other and with specific computations tools to acplish the task. Therefore, the task
cannot be accomplished inside one’s head; ratleecdynitive operation extends to
embrace “the interactions of the individuals witteanother and with the tools of the
space. The structure of the activities of the grisudetermined by a set of local
computations” (Hutchins, 1995a: p. 200). To untderd how knowledge and cognition
are shaped and distributed in a complex setting ag@ science classroom, | have
selected distributed cognition as my theoretical amalytical lens to explore both
students and teachers learning in the classrooistritiiited cognition had broadened the
focus for the unit of analysis to include sociadgess, i.e., in the case of my study it
covered the role of other students, in additiotheofunction of tools and resources (Xu
& Clarke, 2012). This lens helped me to focusl@way students were creating their
science knowledge through the interconnected gaatipities they participated in and
the artifacts they created (projects). It alsoegane a chance to explore the basis on
which teachers were aligning their inquiry-basestrinction along with the artifacts they
were creating (lesson plans).

The second tenet is that of embodied cognitionis frreans that D-Cog views the
emergent mind as the result of internal and exteasaurces. Therefore, artifacts are
elements of a cognitive system. Contrary to thditional or classical look at cognition,
distributed cognition stresses the social aspdategnition. It further allows the study
of students’ interaction by focusing on the uniaohlysis, which is the use of
information. Distributed cognition is an approdbht involves the individual, the
environment and artifacts. According to distrimlt®gnition, cognition and knowledge

are not confined to an individual, they occur dgrihe individual’s interactions with
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others, resources, and objects and tools in theirement. Emphasis is removed from
the cognitive process that happens inside the betnd individuals and placed on their
interactions. This is what Hutchins (1995a) reteras cognition “in the wild.” The

focus of D-Cog is on the whole environment, whiahpdasizes the role of understanding
the interaction between people and technologiedigrlet al, 2000). Therefore, the goal
of distributed cognition is to analyze the interactbetween individuals, the objects they
are using, and the environment in which the agtigittaking place in order to identify
how distributed units are coordinated. Xu and Kdg2012) attempted to explore middle
school students’ learning of science through D-Cbhgey focused on the students’
interaction with each other and artifacts in tlegivironment. They gathered data
observing students learn about gravity by desigperdulums. Their study provided
evidence that D-Cog has the capacity to advancemderstating of the nature of
learning in science.

The third tenet relates to culture and cognitiirCog believes that the study of
culture and cognition are not separate becausdebopin complex cultural
environments (Hollan et al., 2000). In variousdgts, Hutchins demonstrated how
completing a cognitive task involved coordinatiat anly between the people and the
artifacts, but also it showed that the cultureaxdheprofession had a central role in the
function of the cognitive system (Hutchins, 1995a).

Theoretical Principles. Distributed cognition developed out of ethnographic
studies of airline cockpits and ship navigationHwtchins and his colleagues to “provide
a more balanced theoretical treatment of problemrspin real world situations, and to

supply a new framework for cognitive science gelhgréHarris, retrieved, Aug. 14,
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2012). Two major theoretical principles separat€@ from other approaches: the
boundaries of the unit of analysis, and the rarigaechanisms assumed to participate in
the cognitive processes (Hollan et al., 2000; HuaR2000). In any research field, it is
important to set the boundaries of the unit of gsial In the traditional view of
cognition, for instance, the boundaries are limitethe individual. However, D-Cog
extends the boundaries of cognition beyond theviddal to include the interaction
between people, their resources, and artifactsex@mple of the unit of analysis in
Hutchins’s study of the ship navigation is the gaaf the ship. As for the second
principle, while the traditional view of cogniti@earches for cognitive events happening
inside the individual, D-Cog does not limit the ndgye events to the skin or skull of an
individual (Hollan et al., 2000).

When all of the agencies are participating in d-geacognitive process, they are
in afunctional relationshipHollan et al. describes distributed cognition asklng “for
cognitive processes, wherever they may occur, efétsis of the functional relationships
of elements that participate together in the pret€000, p. 175). An example of the
functional relationship in Hutchins’ study is whire navigation team collaborates while
using the artifacts to find the location and theespof the ship. A cognitive process is
surrounded by the functional relationships of theries that participate in it. Another
vital aspect of the cognitive processnrmation trajectoriesn the functional
relationships. The patterns of these trajectaggsal the underlying cognitive
architectures (Hollan et al., 2000). It is throughse trajectories (transmission and
transformation of information) that the courselaf how information is gathered,

processed, and used is described. Functionaiae$diips and information trajectories
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are part of a system that can dynamically configisedf to bring “subsystem into
coordination to accomplish various functions” (Hwllet al., 2000, p. 176). Meaning,
when one member of the team needed more suppaadpit be provided. Applying the
two principles of D-Cog to human observation, thddggerent ways that cognition is
distributed will be disclosed: across the individ@aaross multiple individuals interacting
in an organized way, and across time (this meaatsthle product of earlier cognitive
processes can affect and change the nature ddrectagnitive task).

To understand the implications of distributed ctignifor education, D-Cog
focuses on activities in real-world settings. TFars most researchers have studied
learning in the context of work, such as Hutchstsidy of ship navigation. Its use in
classroom situations has been very minimal. Howeteffers a perspective for both
everyday learning and supporting innovation indlassroom. When it comes to this
study, distributed cognition was used as an arzaltens to investigate students learning
of science. Children’s learning is most effectivieen the four characteristics of learning
are present. These characteristics are: activagemgent, participation in groups,
frequent interaction and feedback, and connectiaedl-world contexts (Roschelle et al.,
2000). When these four essential characterisfitsaoning are present and supported,
cognitive research shows, learning is enhancedsamast effective (Roschelle et al.,
2000). D-Cog describes how cognition takes pladde real world. D-Cog is used in
cases where a framework is needed to describemiatayn processing amongst several
people and artifacts. Therefore, distributed ctigmiprovided an effective theoretical
foundation for understanding student-teacher amdiesit-student interaction and a rich

framework for designing and evaluating digitalfadts. | used the descriptive
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framework of distributed cognition to look at sdargeraction and artifact-mediated
activities that occurred during small group actest Following Xu and Clarke (2012), |
attempted to reveal an image of learning in sciehagsrooms from the D-Cog
perspective. | explored students’ interaction veé#lth other and with the artifacts to
learn science, and investigated the way teachtssant with each other, with the
students, and with the artifacts to enhance tkeaiming of the inquiry instruction.
The Rigor/Relevance Framework

The education system in the United States hagiftalé&eep up with the
changing nature of work, enhancement of technolagg,the competitive job market
despite educators’ copious attempts (Daggett, 22038). In preparation for
competitive university programs and careers, stisdeeed to demonstrate their ability
to apply what they learn at school. Academic droek cannot be measured by giving
an individual student a score based solely on siggessments (Daggett, 2005).
Daggett raises the issue that students’ scorelseostaite assessments by itself will not
help our students to fill the available jobs, thius emphasis on test score alone needs
to be changed. The reason for this, he statésaishe No Child Left Behind (NCLB)
Act created a pressure for educators to get thailesits to the minimum proficiency
levels in order to receive the required school ingd Unfortunately, this has created a
misplaced emphasis in the educational environntkatemphasis has been on
standardized tests and students’ preparation ottadse tests. Although state
assessments are valuable, Daggett argues thaardewt the finish line. Daggett
believes “if curriculum, instruction, and relevd@arning become focus, the tests will

take care of themselves” (2005, p.1). This hagHectreation of the International
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Centre for Leadership in Education to create tlgpRRelevance Framework to
examine curriculum, instruction, and assessment.

The Rigor/Relevance Framework is based on two dsmes of higher
standards and student achievement. This framewarkour- by- four matrix. The
vertical axis illustrates the knowledge taxonomyeadeped by Bloom in 1956, with the
lower left corner representing knowledge awaremaesisthe upper left corner
representing the highest level: evaluation of krealgke. The horizontal axis reflects a
continuum of Application of Knowledge Model createg Daggett (2005). The lowest
level of application is considered to be knowledgene discipline (lower left corner)
and with the highest level (far right) being lalekées “applying knowledge in real-
world unpredictable situations” thus requiring a@déipn of knowledge. The four

guadrants of the framework are shown in Figure 2.2.
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Ri1GOR/RELEVANCE FRAMEWORK ™

Evaluation 6
K |
|
T
N Symchesis s I
o A C I
|
w x Analysis 4 I
il O Assimilation | Adaptation
E N Application 3 —————— -}— ________
D O |
G M Comprehension 2 A : B
E ¥ I
Knowledge/ 1 Acquisition | Application
AWareness I
1 2 3 4 5
EKnowledge Applyin Apply Apply to Apply to
in one discipline across real-world real-world
discipline disciplines predictable unpredictable

sitnations situations

APPLICATION MODEL
Figure 2.2. The Rigor/Relevance Framework AdaptechfDaggett (2005)

Quadrant A is mere recall and remembering the kedgé with a focus on
teacher work and a passive student learner. ldrgnaC, knowledge is extended and
refined in a way to be used routinely and autoraditias the learner needs to create,
think, analyze and adapt, often within a disciplisendicated in the application level.
Quadrants B and D are located at the higher Ievapplication continuum meaning
that the acquired knowledge is used to solve progje.e., the acquired knowledge is
applied to the real-world (predictable or unprealité¢ across disciplines) situations.
Daggett’s suggestion to teachers who want to apidt and relevance to their
instruction was to use this framework to reflecthanv their lessons and units address
each quadrant. If student work falls primarilygumadrants A and C, students may not
be spending sufficient time applying their knowledg ways that will increase their

ability to think critically, solve problems, andae what they know. He also suggests
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that this framework could serve as a bridge betwkercommunity and the school to
demonstrate to parents, community, and businedsig&ow students are developing
21% Century skills.
Summary of Theoretical Framework Review

For the purpose of this study, both constructiorssm distributed cognition
provided an environment in which students couldnideom interactions in their small
groups of inquiry and from actively participatingdiscussions, creating presentations,
and demonstrating their understanding of the stibj@tter. Thus, having students in
various group activities was not only a motivatart also led to better learning
(Roschelle et al., 2000). Social context provideaients with opportunities to opt for
more complex skills than what they could executael

Distributed cognition borrows ideas from traditibresearch on cognition with
the main difference that it states cognitive preaascurs in the interaction of individuals
with their environment and artifacts. Thus, thenfiework matches perfectly with the
constructionism that believes individuals are carding their own knowledge. The
distributed cognition theory also busies itselfithyestigating how cognitive activities are
distributed across different individual minds, as@roups of people, space, time, and
artifacts. It is through the interaction with fatits and engagement in higher order
thinking that constructionism provides supporttEachers who are actively facilitating
their students rebuilding of their own knowledgei{®r, Asoko, Leach, Mortimer, &
Scott, 1994).

As a result, enormous pressure was placed on ednabbrganizations and

educators to teach the limited skills standardiests required; to keep up with the
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necessary number of students who ought to pagsdtsein order to keep the schools
afloat; and to narrow their curriculum. Teacherain distress was to raise the test scores
by reverting “back to basics” in regard to the Iskihey covered in their classrooms.
Therefore, instructions in science, art, physickiaation, and social sciences suffered
tremendously. In addition, on those rare occadiatscience instruction took place; it
did not go deep enough. The damaging effectssbipieparation instructions, especially
when it came to low-income and minority studentsjehdemonstrated a need for

educational excellence and equity (Kohn, 1999).

Endnotes

!Achieve is a bi-partisan, non-profit education refmrganization formed is 1996 and is consisted of
governors and corporate leaders who are dedicatsapport standards-based education reform efforts

across United States



CHAPTER THREE: MOVING TO STUDENT-CENTERED CLASSROCBY
CHALLENGES AND BENEFITS OF IMPLEMENTING INQUIRY DEKBNS FOR
DEEP LEARNING (IDDL)

Introduction

The goal of this study was to explore the chakeniipat teachers in one
elementary (primary) school encountered when thrglemented problem-based
inquiry units based on the second DRAFT Next Gaimré&cience Standards (NGSS)
during a three-week science-focused summer schd&@)12. This topic is important to
investigate because the school in this study, amtdl other underperforming schools
serving socio-economically disadvantaged studéais pbeen required for the past two
decades to follow the prescribed textbook-drivemiculum. The didactic talking from
the front (Hattie, 2009), lecture-based keepemumivkedge (Savery & Duffy, 1996)
modes of instruction and the heavy emphasis orukageg arts and mathematics in these
schools has provided limited opportunities for tesas to engage students in inquiry or
in science. As a result, there is a critical neednderstand the challenges these
teachers face in successfully shifting their ingianal practices and engaging students
in inquiry learning.

Although science policy doctrines have promotedube of inquiry in K-12
science for the last 24 years (American Associdtorthe Advancement of Science,
1990, 1993), federal and state educational politee® contradictorily focused on
didactic instruction, a narrow textbook-driven ecutum for reading and mathematics,
and a standardized assessment system that primeqilyres factual recall. Furthermore,

some scholars have argued that “teaching to tiiehas underemphasized the use of
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21% century skills of problem-solving and critical nking and the implementation of
innovative learning approaches that align closelthe way students learn along with
skills they need (Daggett, 2005; Dede, 2009; Rdkzkeal., 2000; Wagner &
Compton, 2012). Unfortunately, teachers in marmpsts, especially those serving
low-income students, have been constrained by atatdederal mandates to use
instructional approaches that allow few opportesitior students to explore, ask
guestions or stray from textbook-based instructiddditionally, the focus on teaching
academic fields separately and on breadth and ageesf material rather than depth of
understanding has further limited these studemgbaunities to be college and career
ready. Itis important to understand how schoatsnfy these constraints make the shift
to meet the demands of CCSS and NGSS. Therefa@urpose of this paper was to
investigate how one elementary school, under theselates, used a summer school
extended learning time to support teachers in implging problem-based inquiry.
The research questions that guided the study were:

(1) What challenges do teachers face in shifting fraeaher-centered

didactic approach to student-centered teacheitteill learning?

(2) What are the benefits of shifting from a teadbea student-centered

approach?
Changing Educational Expectations with New Standard

The Bureau of Labor and Statistics projected iBavf the 20 fastest growing
occupations in 2014 will require major trainingsicience and mathematics.

Occupations in science, technology, engineerind,raathematics (referred to as
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STEM) are “critical to our continued economic conifpeeness because of their direct
ties to innovation, economic growth, and produtyiviCarnevale et al., 2011). Forty-
five of fifty U.S. states have adopted Common Catate Standards (CCSS, n.d.), and
twenty-six states are leading partners of the Mati®@esearch Council's Next
Generation Science Standards (NGSS), which regalreols to focus on “deeper
learning, ensuring that students are able to appbt they know” (National Academy
of Sciences, n.d., Para. 3). Deep learning (Ceelksp& Gonzéalez, 2006; Coburn,
2003) and 2% century careers call for engagement of both teaded students in
investigation, design, creation, analysis, andwat&n (NGSS, n.d.). If students are to
more deeply explore and learn concepts as welds,fteachers must shift their
practice from teacher to student-centered insuacti

In spite of the emerging recognition of the val@énquiry learning, a major
implementation challenge is the need for a realigmnof curriculum, instruction and
assessment that matches the inquiry approach (Batral., 1998). The adoption of
new standards that encourage inquiry will be insigfiit without this alignment and
assisting teachers to move to student-centeredigtgin. Since the 1980s, there has
been a national call for change in instructionalcice that help students to acquire real
world competencies nurtured through complex andningéul problems and projects
(Barron & Darling-Hammond, 2010; Kohn, 1999; LevyMurnane, 2004; National
Council of Teachers of Mathematics—-NCTM Report,200ational Research Council
report, 1996; North Central Regional Educationdddratory—NCREL policy proposal,

2003; Partnership for 21Century Skills—p21 policy proposal, 2004). Probleased
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learning researchers and practitioners argue tbatdl teaching needs to give way to
teaching and learning on the side with studentsras®y greater roles and
responsibilities for their learning (Barrows, 1988nelo-Silver, 2004; Torp & Sage,
2002). Both Fullan (2013) and Hattie (2009) advedar teachers to assume the role
of theactivator of student learning and to make room for studeitibied learning.
Literature Review and Conceptual Frameworks

We start with a literature review of problem-baseatning, and then explain
constructionism and distributed cognition as twoaaptual frameworks that provide
lenses for analyzing and discussing the findings.
Problem-based Learning

As an instructional model problem-based learnifgL()Rcan help students
acquire adaptive expertise (Bransford et al., 2036Corte, 2010) and engage in deep
learning that will be required by the CCSS and NG$Be “P” in PBL can refer to
either project or problem-based learning. Theeenaany similarities between the two,
but there is a stronger focus on the end projetttarcase of project-based learning and
on solving complex and ill-structured real worlaplems in the case of problem-based
learning (Donnelly & Fitzmaurice, 2005). In thisidy we have used the term
problem-based Inquiry Designs for Deep Learningd(l (borrowing from Burke,
under review). We define problem-based inquirgma#nteractive process for engaging
teachers and students in solving relevant realdyandblems that emerge from
students’ inquiry in relation to the CCSS and NG&$idards. We believe one

pedagogical approach that can help teachers tessftdly realize a transformation to
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student-centered approach is problem-based in¢fgr, 2009; Delisle, 1997,
Gliltekin, 2005; Wagner, 2010).

Benefits of Problem-based Inquiry Environment. In an inquiry classroom
students (individually or in small groups) activelgrticipate in their own learning on
real problems and towards their own understandmigeehievement of concrete
outcomes (Barrows, 1985; Blumenfeld et al, 1991l{¢kin, 2005; Hmelo-Silver,
2004; Marx et al., 1997; Moursund, 1999; Savery &flp, 1996).

According to NGSS, teaching of science should loeged on a limited number
of core ideas for students to learn in greaterldeptesearch suggests that problem-
based inquiry fits this description as it engagadents in research and inquiry,
communication, collaboration, creativity, critidhinking, and teamwork (Ertmer &
Simons, 2006; Hmelo-Silver, 2004). Students learth retain information better and
longer when they are actively engaged in their te@nning in an environment that is
designed to motivate them and with teachers whaetreators of learning (Fullan,
2013; Hattie, 2009). Prior research suggestspitdtiem-based inquiry makes learning
“enjoyable, meaningful and permanent, and devebdsgsntial and important skills in
students” (Gultekin, 2005, p. 553). When studemsk in teams, they play a key role
in constructing their own learning through actietipation and creation of their own
outcomes. Studies of inquiry-based science imgeldiverse Maryland district found
that an inquiry approach was equally effective agnlomv-income diverse ethnic and
linguistic subgroups (Lynch, Kuipers, Pyke, & Sas2005). From five middle

schools 1,500'%8grade students were selected for their ethnigulstic, and
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socioeconomic diversity to participate in a stufiyhe effects of highly rated science
curriculum unit. These students took a six-tenkuaat in chemistry based on an
inquiry curriculum and responded to pre and potsttes Conservation of Matter
assessment and measures of motivation and engagemenposttest results for this
guasi-experiment were statistically significant é&mhievement, basic learning
engagement, and goal orientation for inquiry stislefall groups. Students in the
treatment group did much better than the contrmigr(Lynch et al., 2005). A
development and research study of twenty-fileaBd 4' grade students from six
elementary schools of diverse linguistic and caltgroups engaged in problem-based
learning showed similar results: the intervenimouiry curriculum enhanced the
inquiry ability of all students particularly, lowchieving, low-SES, and English
language speakers regardless of grade, prior anient, gender, ethnicity (Cuevas,
Lee, Hart, & Deaktor, 2005). Boaler (1998) in migr study found that students were
more able to apply their learning to new problema variety of settings. Nevertheless,
most students, especially at the primary levelgHawited opportunities for inquiry

and investigative learning.

Challenges of Problem-based Inquiry Environment.Problem-based inquiry
is a pedagogical model that supports learnersbuariearning styles and actively
engages them in the learning process (Blumenfeddl ,1991; Marx et al., 1997); at the
same time, it poses challenges for teachers imetacting their own understanding of
teaching in which students and their inquiries @iinstruction (Park & Ertmer, 2007).

Barell (2010) and Ertmer and Simons (2006) argaetdachers’ and students’ roles
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need to be rethought and educational programs @ald ge-envisioned based on a
constructivist theory of learning.

Reviewing the literature, Tamim and Grant (201®)rfd five challenges
teachers experienced using project-based leartaking a constructivist approach,
adopting new instructional strategies, curriculumd aelection of topic, management
and design of project-based learning, and the eaticollaboration (p.74). Similarly,
Ertmer and Simons (2006) in their review identiftadee types of challenges teachers
are likely to encounter when implementing probleasdx learning: creating a culture
of collaboration and interdependence; adjustinghi@nging roles; and scaffolding
students learning and performance.

This study contributes to the field by empiricallygcumenting the actual
challenges elementary*(% 5" grade) teachers confronted as they learned ankidor
to implement problem-based inquiry in a three-wsakimer school program. In
particular this study contributes by exploring #ttgled complication of teachers’
simultaneously trying to integrate technology sashPods or laptops as research,
communication, and presentation tools as well aslaow to implement problem-
based inquiry. The majority of teachers were atltbginning stages of both
understanding and using inquiry and technologyis $tudy is also important since the
teachers were learning to shift from textbook driugstruction to engagement with

NGSS to guide unit development.
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Constructionism

Problem-based inquiry researchers have consistestbtgnized the importance
of constructionism as a theory of learning thatggufs and aligns with an inquiry
classroomBarab et al., 2000)Many argue for a constructivist framework belgy
individuals actively take part in creating and domgting their own knowledge.
Constructionism builds on constructivism and takese step further by claiming that
learners actively construct meaning and the reafitheir world in and through social
interaction with each other and with the teacharirongoing and dynamic process
(Berger & Luckman, 1967; Jonassen, Peck, &Wils@991 Kafia & Resnick, 1996;
Spodark, 2005; Wheatley, 2007). Papert (1991) ples/ithe simplest definition of
constructionism as “learning-by-making” (p.1). Hegy/s:

[Clonstructionism —the N word as opposed to thedrdw—shares
constructivism's connotation of learning as "buntgknowledge
structures" irrespective of the circumstances eflarning. It then adds
the idea that this happens especially felicitouslg context where the
learner is consciously engaged in constructingipentity, whether it's
a sand castle on the beach or a theory of the tsg\(p. 1).

This definition elucidates that knowledge is baitid not supplied, and the
construction of knowledge happens best when indalglare engaged in building
something together that is external and sharednsGtent with Papert’'s (1991)
constructionist pedagogical framework, our interesh learning environments in
which learners build understandings through th&bolative construction of an
artifact or shareable product” (Barab et al., 2G0®). The challenge for teachers is

that this theory of learning is often at odds watilicy, instructional expectations and
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practices, and assessment. An important themesskett in this study is the tension
teachers experience from the policy mandates fdexperforming schools, and
teachers’ attempts to move toward student-centayadtructionist learning.
Distributed Cognition

A related theory, distributed cognition (Hutchid®95a), draws on concepts of
constructionism by recognizing the social intei@tsi and setting in which knowledge
is shared. The theory extends constructionism bgeraystematically exploring how
cognitive activities are distributed across grothpsugh social interaction, time, and
artifacts. Distributed cognition provides a leasihderstand the organization of
cognitive systems from the outside in, “beginninghwhe social and material setting of
cognitive activity, so that culture, context, ansitory can be linked with the core
concepts of cognition” (Hutchins, 2000, p. 10).efiéfore, proponents of a distributed
cognition perspective use a broader unit of ansiygsdefine the boundary of the
cognitive system and the ways knowledge distributiomediated. It recognizes that
artifacts (e.g. technology, classroom seat arraegésnmicroscopes, textbooks, etc.)
are an essential component in inquiry learning remments and need to be explored in
terms of how they affect the construction and distion of knowledge. The teachers
in this study were attempting to implement probleased inquiry within the historical
context of a teacher-centered, textbook drivenalidapproach to teaching and
learning. This historical context provides an iagting frame for exploring the

challenges they faced in making a pedagogical shifieir teaching practices.



71

Hutchins (2000) has argued that cognition is abdotmation processing and
“passing”— the process of information being padsetiveen individuals and artifacts
to accomplish a task or goal. When a real wortibf@m is of concern, such as the
navigation of a ship, information is processed pasksed between and among
individuals and the instruments (artifacts) in Wagiety of feedback loops used to
ensure safe steerage. This theory’s attentiontifacs and their relation to real world
problems/work is important for this study becautsthe attempt of teachers to engage
students in problem-based inquiry and to integi@tbnology as an artifact to stimulate
investigations. This interactive process is imaotto explore since many elementary
teachers are often at a disadvantage in regaethmology and how to interface and
integrate it into a problem-based learning envirent{Park & Ertmer, 2007; So &
Kim, 2009). In an inquiry classroom, a rich distried learning environment exists,
with peers, texts, technology, biological sampées] other artifacts providing critical
mediating roles and thus increased learning oppiti¢s, while decreasing the role of
the teacher as the primary mediator of learningd@007; Nardi, 1996). A
distributed view of learning can shed light on thiéical role that artifacts play in the
construction of knowledge.

Methodology
Design

This study used a single exploratory case studigdg€reswell, 2008; Yin,

2003) to investigate teacher implementation of fgwbbased inquiry in a three-week

summer school session, which bounded this stugyical of a case study, we
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collected data from multiple sources (teacher unésys, observation notes from one
week of professional development and thr8edd ' grade classrooms, and a pre-post
student survey on teamwork). Our goal was to eradiolistic case about teachers’
efforts to shift their instruction from teacherstmdent-centered inquiry and the
challenges they faced in making this shift.
Context of the Study

The setting was an elementary school in southwesirited States serving
Latino heritage students, with 93% of the studeniifying for free and reduced-price
lunch and 82% classified as English language learnghe school was designated
underperforming and applied for and received aettyear federal Turnaround School
Improvement GraR(SIG) in the fall of 2010. As part of the grartetschool invested
heavily in technology (1-1 iPods, rolling cartslatops, a computer lab, teacher
computers and document camera, and five desktopuians for each class), with the
expectation that teachers would integrate techryolatp their lessons. Another
component of the turnaround process was to incileaseing time for students, which
was done through a summer school Extended Leaiing (ELT) session. The
school selected a three-week summer school foausaedience and literacy as their
approach to ELT. The daily ELT schedule consistienvo and a half hours of
instructional time. This study investigates theosetyear of ELT. Eighteen teachers
and 560 students participated.

Professional Development: Year 11n the first year, teachers by grade level

selected NSTA's Picture Perfect and Great Exploratinits in Math and Science
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(GEMS, Lawrence Hall of Science) (Ansberry & Morga005, 2007). During the
week of professional development prior to the sumsesasion, teachers explored the
GEMS and Picture Perfect units and selected tbeatitire they would use. These units
were implemented with relevant fiction and nonbatitexts, thus supporting both
literacy and science. Teachers were not requaedign their units to specific
standards. Teachers were also introduced to tflebocative engagement strategies
and the principles of Kagan (1994) cooperativerieay.

Professional Development: Year 2In the second year, when we conducted
this study, the emphasis of the summer school @thtga standards-based inquiry
approach, with teachers and administrators idengfiife science standards from
DRAFT NGSS (n.d.) and California science standaise purpose of providing the
professional development (PD) was to enhance tesidcrowledge and skills in
conducting problem-based inquiry and time to caltakively develop standards-
aligned units. The teachers received one weelbahBt consisted of learning about
(a) How students learn, (b) Ways to identify studeprior knowledge, (c) A review of
Kagan (1994) cooperative structures to engageuwkests, and (d) Inquiry Designs for
Deep Learning (IDDL), which focuses on learningaggocess of inquiry and problem-
solving (rather than activities and projects) anavles steps for mapping a unit such
as how to unpack standards, identify the “big itleaite essential questions, develop
formative assessments to check progress and @esat@mative performance task and

rubric for assessing iAs part of PD teachers had a daily collaboratineetihat they
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used to refine their units (in grade level tearmg)luding daily lesson plans, formative
assessments and final student performance products.
Participants

For this study we interviewed eighteen teacheddefnale and two male. The
teachers were 78% Caucasian Non-White and 22% hitspad taught first through
fifth grade during the summer of 2012 (five in figgade, four in second, three each in
third, fourth and fifth grades). Sixty-one percehthe teachers were 35 or older and
39% were between 25-34 age-range. Teachers laadya of 1-28 years of teaching
experience with five having taught less that fieans, five with 5-8 years experience,
and eight with 13-28 years experience. The mgjofiteachers (61%) had taught in 2-
3 different schools, 16% only in this school an@&i2 more than three schools (see
Table 3.1).

The majority of teachers (15) had been teachimgvasuld continue to teach in
this school the following year. The remaining thteachers were from the same district
but were recruited to teach at this site for thamser session. None of the teachers had
prior experience in teaching inquiry or problemdzhtearning. However, 16 of the 18
teachers had worked together the previous summen Wiey were introduced to hands

on instruction through the GEMS and Picture Pernfiedis.
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Table 3.1. Demographics of Teacher Participants

Demographic category

Number of teachers

Gender

Grade Level

Ethnicity

Age

Years Teaching

Number of school sites taught at
during career

Female — 16 teachers

Male — 2 teachers

1% — 5 teachers

2"4_ 4 teachers

34 — 3 teachers

4" — 3 teachers

5" — 3 teachers

Caucasian, non- Hispanic — 14

teachers

Hispanic — 4 teachers
25- 34 years — 11 teachers

35+ — 7 teachers

Lessthan 5 — 5 teachers

5-8 years — 5 teachers

13- 28 years — 8 teachers

1 site — 3 teachers

2-3 sites — l1teachers

3 or more sites — 4 teachers

Data Sources and Collection

Multiple data collection methods were used to dewelnd corroborate categories and

themes.

Interviews. All eighteen teachers voluntarily agreed to pgtite in semi-

structured individual interviews, which were audip¢d. The interviews lasted

between 25-45 minutes, with a pseudonym being @sditp each interview. The

interviews explored teachers’ opinions on the Bsifenal development and planning

as a whole, participating with colleagues as a teard implementing the unit.

Interviews also provided us with insight into hdvey saw the effect of the
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implementation on their instructional practices atutlents’ learning. More
specifically, interviews explored participants’ peptions of the challenges and
benefits in implementing the inquiry unit. Two ethareas investigated participants’
views of student teamwork and various ways thesgrdted 2% century learning
structures and strategies, including technologyhéninquiry process, and how they
supported students’ learning (see Appendix A). eAternal transcription agency
transcribed the interviews. The lead researcktared to each interview to check
quality and correctness of the transcription.

Classroom Observations.The purpose of the observation was to collect
descriptive data that would supplement and corratieathe interview data. Given time
and resource constraints, we selected two groupmachers for observation — the six
4" and 8" grade teachers who were implementing the sameatan The observers
were the first two authors and three other studdiits lead author trained the team in
the protocol she had developed and the team nestth# first few observations to
review the protocol and calibrate observations @vgkrvation techniques. The
protocol (see Appendix B) focused on three maimim (a) gaining a whole class
perspective of the day’s lesson and intended outsp(b) on the nature of teacher talk
and questioning strategies to engage studentqcand student teamwork. In
addition, the first two authors observed planniegsions of the®and ' grade
teachers during the PD week and two or three tooesg the summer school.

Document Collection. Other sources of data included teacher lesson ,phauals

student work samples of formative assessmentsiaaldoroducts.
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Student Pre-Post Survey on TeamworkResearchers created a mirrored pre
and post survey (referred to as either pre survgpst survey) asking™and %' grade
students’ opinions on teamwork. Students tookstireey on the first and last day of
the summer school. This survey (see Appendix @¥isted of 11 Likert-type scale
guestions with responses ranging from “always, mb#te time, sometimes, or never.”
In addition there were two open-ended question3Maat is the best thing about
teamwork?b) What is the hard¢?

Data Analysis

Data analysis adapted a constant comparative mé@&lader & Strauss, 1967).
We read the interview transcripts and observatmesin random order with the goal of
immersing in the data (Miles & Huberman, 1994).tdanalysis adopted the research
guestions as the frame for coding (see Table I2Ya were also read with an open mind
to search the variety of ways teachers surfacedtibbenges and other issues such as
benefits and teamwork. A similar process was #dd with the observation notes

(Esterberg, 2002; Saldafia, 2009).
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Table 3.2. Summary of Codes, Categories RelatdavtoMajor Themes: Students’ Lack
of Experience with Inquiry and Teachers’ Challemg®loving to Student-centered

Instruction

Students’ lack of experience with

Teachers’ challenge in moving to

inquiry student-centered instruction
Category: Inquiry process Category: Inquiry process
e Getting the concept e Keeping them engaged
e To be in charge of their own learning e Being one step ahead of students

e Not knowing how to write the results from e
their research
e  Writing in their journals .
Category: Have low level questions
e Responding to recall questions .
e Hard to develop their own questions
[ ]
Category: Collaboration
e How to listen to other team members .
e To be on the same page with other team e
members
e Being ready to collaborate .
e Getting them to talk to their teammates o

Category: Lack of complex tasks

« Tasks not sufficiently complex to require e
all team members to collaborate to .
accomplish task

Expecting students to come up with
guestions
Lack of complex instructional tasks

Category: Letting go

Hard to keep it at inquiry and let
students do the research
Hard not to give students the answers

Category: Collaboration

Planning time with other teachers
Focus on end project rather than
inquiry

Planning too much

Not knowing about appropriate web
sites

Category: Classroom management

The classroom is too noisy
Knowing students strengths before
embarking on inquiry

In addition, the authors identified the primary gaments of constructionism
(students’ active construction of knowledge, cadlattion, ability to create meaning,
learning by making, and constructing a public ghtind of distributed cognition (time,
culture and context, social interaction, and irtgoa with artifacts). They then re-read
the transcripts and coded them using these cae=ydtiis iterative process helped us to
categorize and group codes together to developdbemhere were high levels of agreement
between researchers and differences were easiliveels Studying the additional documents
such as teachers’ lesson plans and students’ grpaat survey confirmed and corroborated

these themes.
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We also used both exploratory and confirmatoryyses for student pre and post
survey. Exploratory techniques were used to medsegeencies, percentages, averages,
means, minimum and maximum values. For the conforgaechniques and in order to
compare the pre and post survey data to explorestagonships between variables, we ran
the paired samples t-test.

Rigor and Trustworthiness

Three strategies were used to ensure rigor astimouthiness of this study.

Triangulation. Four sources of data were used to triangulatetseantl enhance
rigor and trustworthiness: semi-structured intemg@eclassroom observations of six of
the 18 classrooms, student pre-post survey on teaknand teacher lesson plans and
student work (Esterberg, 2002). Data from the s&moictured interviews were
juxtaposed to classroom observation data to chackdnsistency and corroborate
categories and themes that emerged from the iet@svi The student teamwork survey
provided student perspectives on challenges of wgnkith peers, which were then
compared to teacher’s perceptions from the intersieWe reviewed the student work
samples to confirm or challenge observational naggarding level of student inquiry
and teachers perceptions that students strugglbediva inquiry process.

Member Checks and Peer Debriefing All teachers were given an opportunity
to review and change their transcripts and noneestigd any change. Also, we e-
mailed a draft copy of the research paper to ppaits. Numerous debriefing sessions
were held amongst the authors to discus the catksmerging themes to check for

consistency and to resolve differences of integtia.
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Limitations of the Study

This study has several limitations. First, thiaistudy of only one elementary
school in a socio-economically disadvantaged neigidiod. The study of the
problem-based inquiry was short in duration — thseeks, which is a minimal
amount of time to implement a complex new instwil approach. Only one set of
interviews was conducted and the interviews wereeg@ly of short duration (25-45
minutes), which allowed limited time for in depttoping. However, the multiple
sources of data provided convergent evidence.

Results
Research Question 1. What challenges do teacheesifashifting from a teacher-
centered didactic approach to student-centeredientacilitated learning?

Five themes emerged on the challenges teachersieced: time; teachers’
lack of experience with technology; students’ latlexperience with teamwork;
students’ lack of experience with inquiry learniagd shifting to student-centered
learning.
Theme 1: Time

Not surprisingly, time, a component of a distrégmitognition perspective,
emerged as a major barrier to inquiry learning aithieacher participants. On this
theme teachers revealed three components: (aYdipl@n inquiry units
(collaboratively) and learning how to engage inuing (b) time to cover the

curriculum; and (c) time needed for students ttyfehgage in inquiry.
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Time to Plan Inquiry Units (Collaboratively) and Learning How to Engage
in Inquiry . Because teachers developed their own units andadidse a textbook or
previously developed units related to their grguecdic standard on life science, seven
out of eighteen teachers commented that the plgrtmre allotted was insufficient to
explore all the possibilities of implementing a neaching pedagogy. Teacher 41
said, “I think you just have to build in time totdbose lesson plans down.” The lack
of time for deeper collaboration caused frustrafarteachers who were new to
problem-based inquiry. Teacher 22 mentioned thatds frustrating to find out how
another teacher has implemented something in hes,cand you wish you had done it
the same way in your class.” Teacher 43 saiddif'se not organized and if you don’t
have time for prep and setup, that’s going to inaar ... whole lesson.”
Observations of the planning time fdf 4nd %' grade teachers confirmed their
frustration with time as they complained that itswet enough to do all their planning
(Observation notes, 06/27/2012, 07/05/2012, 07A1Zy. Similarly teachers felt there
was inadequate time to learn how to engage studeirtquiry. Teacher 32 was
concerned about having time to further train héisdhow to guide the transfer of
information. She mentioned that they are so usédaching in old-fashioned ways
that they needed time to adjust to problem-basgdiiy. Teacher 12 agreeing, pointed
out, “[w]e need more time to learn about this [peoh-based inquiry] because of our
own lack of knowledge in how to use it.”

Time to Cover the Curriculum. Similar to findings of Weimer (2002),

teachers in this study also reported they strugiglesiay on top of what was “expected
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to be taught.” They felt tension between tryindp&osure the students mastered the
standards and still had time to experiment andaggghe essential concepts embedded
in the standards. The final product was to dematesstudent mastery. Teacher 31
expressed that showing what students have leatrtkd and was important, but she

felt there was insufficient time to cover all thaterial. Teacher 51 talked about the
role that the students’ artifact (end product) ptajor him and how it became his focus
“... to show what they have accomplished and covéréeacher 21 emphasized the
necessity of having more time to cover the starglardl to demonstrate student
mastery. This press for coverage stems from teeiqus experiences of teachers being
required to cover the textbook and prepare studenttate tests.

Time Needed for Students to Fully Engagm Inquiry. One third of the
summer school teachers considered the shortage®ta let the students explore as
challenging. Teacher 33 recognized the importafdetting students be in charge of
their learning. She said that students needed t¢eke ownership of what they were
doing and really be able to develop these higheatithinking hypotheses... to have
time for exploration, time to do it on their owime to come up with their questions.”
Teacher 15 echoed the same idea and added thatsfudents had more time to
explore they would have made a “habit” out ofTfeacher 53 talked about how more
time was needed for students to do “ more explonati to get excited and involved.
More time to let them explore and to see they cait.d Teacher 23 emphasized the
“hands-on opportunities for the students to explarad Teacher 42 said that more

time for research would have given the studentsaace to “go deeper” and make



83

“stronger connections” in regard to what they hesmthed. Teacher 21 equated more
time to students being able to work more on theajget and produce a better, fuller,
“beefier” end product. Teacher 52 suggested hawiage time, she would have
encouraged students to “step outside of normasasn routines.” Observations
showed that both teachers and students ofterhfgjthiad to stop their work just as the
team was getting into their investigations (Obsgovenotes, 07/09/2012, 07/11/2012).
Theme 2: Teachers Lack of Experience with Technolgy

As previously stated, technology was a compongtiteogrant and in the
modern day classroom a key artifact. All teachesexd the teacher laptop and the
document camera to present videos and PowerPa@séptationsOverall, all of the
teachers said they considered technology as ablaladdition/tool in their classrooms.
Teacher 12 believed that iPods created a studem¢resl learning environment, and for
her technology was “the big tease.” Teacher 38y&y using various pieces of
technology in her classroom. She believed thatafilee initial steps in teaching
students to use technology was to teach them hdakeocare of it. Teacher 53 tapped
into students’ prior knowledge when they were watgla video or a PowerPoint by
taking the time to discuss it or related subjectheir small groups.

Nevertheless, interviews and observations showatdeéachers struggled with
implementing technology into their daily instructioEight of the 18 teachers pointed
to their lack of comfort in using computers andoirporating technology in their
classrooms. When asked what were the challengesh€r 11 responded, “... the

teacher! | was a challenge. Kids pick it up si.fdt was just ME being
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uncomfortable with getting the [iPods] out and gsin.” Teachers 12, 13, 24, 31, 43,
and 41 mentioned the “lack of teacher knowledgexpertise,” and not being
“technology savvy.” These teachers expressedhiegtneeded training on how to
fully integrate technology into their lesson plaffi®acher 15 attested if it were not for
a helper (an older student helping her with theaigechnology in her class) using
iPods might have been “overwhelming.”

Another concern voiced by all teachers was findipgropriate kid-friendly
Internet sites that provided information in an Yeasd simple” format that English
language learners could understand. Accordingetichier 41 they “had to create
everything... We didn't have the technology reseéwols at the levels of the kids.”
Teacher 42 also expressed the same concern sayitid hot feel competent to teach
students how to distinguish between “good” and "bafbrmation. Teacher 53 who
identified herself to be super confident with congps and using them in her class also
added that “if as a teacher you are not comfortabléleshooting or problem solving
with it, then it [technology] is just a burden.”

Classroom observations df 4nd %' grade corroborate these teacher
comments. For example, Teacher 43, during seveedrgations expressed her
discomfort with technology and could not guide stotd in using the iPods or
computers for student research. Teacher 41 diséubthe iPods to students but not
knowing how to use them only had students watckaifBPop” videos. One of thd'4
grade teachers was comfortable with technologypanddditional resources on

Edmodo for students to use. His use of technosbgyved that it can be a critical
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artifact to promote learning, but in most classreamade a limited contribution to
distributed cognition.

The 8" grade team used the rolling carts of laptopsrterhet searches and to
create an iMovie trailer as the final product. Beheless, the research the students
were allowed to do was very limited. Observatiohthe 8" grade classes showed that
students were to search using only the key phnake ‘eats whom” regarding their
specific ocean food web animal (Observation n@@£)9/12, 07/11/12). One student
wanted to read more about the animal but was dehedpportunity to explore further
(Observation notes, 07/10/2012). In other wordsséarch” consisted of very narrow
teacher prescribed “textbook type reading” as opgas research. Even in the creation
of the trailer, students were given a script anot@é of living things to put in the food
web. From observations of the planning meetingsdaissrooms, teachers seemed
preoccupied with the idea that mastery of the siethdequired every student to have
the same model and thus create essentially the ibdovee trailer.

Theme 3: Students’ Lack of Experience with Teamwork

Both constructionism and distributed cognitiomieaorks point to the critical
role of collaboration and social interaction torteag. Teachers from this school had
received professional development over the lasty@ars on Kagan (1994) cooperative
learning structures as a way to build student-iegrteams. Nevertheless, teachers
found implementing teamwork as a challenge. Tbfdhe five first grade teachers
found it particularly challenging to implement ceogative group work. Teacher 13

said that students were not ready for problem-baspdry developmentally and/or
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academically. Teacher 53 stated, “Just becausangostanding when everybody else
in your team is standing doesn’t mean you are @pdiing.” She added, “teachers
need to focus on the students that are not paatiog and fix it, and that is a
challenge”. Teacher 33 said that it is hard fachkers to break down the previous
school patterns in order to create new ones sutdaaswvork and new groupings of
students. Teacher 42 saw the past group dynaniwhese one or two kids did all the
work and the others just sat there.” He triedriak that habit among his students and
to teach them to work as part of a group. He bedggbout his success: “students
learned that they could find the answers on them;dhey don’t have to depend on the
teacher.” Observations showed that tWoatid two §' grade teachers did not engage
students in complex instruction so that each teamber had a meaningful research
task. Previous research has shown that withoatrgpltex instruction design, student
teamwork is often ineffective with only one or twembers doing the work (Cohen,
1994). In addition on many occasiorset 5" grade teachers posed a probing question
to the class, as per previous cultural practiced,anly a few students would raise their
hand to respond to the question. Teachers dithabé teams to discuss it with the
group to come up with a team response.

On the student pre-post survey on teamwork twostehowed a decrease on
the post-survey. These items were: “When | amteaa, | help my team to gather
information and useful ideas to complete our wqdd% to 44%) and “ When | am in
a team, | do my fair share (65% to 53%). Neitifedhese changes proved significant,

but may be important as they reflect that the tearkwnay not have provided
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sufficient complexity to engage all students (sabl& 3.3). In response to the open-
ended question on the student teamwork survey stsigere asked about what is
hardest in working in a team, many students (6808&) wrote “teamwork” or

expressed a related challenge such as “listeniothers,” “talking with the group,”
“explaining to the team,” “dividing up the job,” drihelping others.” Interestingly on
the pre-teamwork survey only 37 (out of 96) studemtresponse to the same question
indicated that “teamwork” would be the hardest ghihhis finding suggests that as

students worked more in teams during the summey, ftbtund it challenging.

Table 3.3. Summary of Students’ Pre- and Post-SUResults Comparing the “Always”
Results

Questions Pre-  Post-

survey survey
When | am in a team, | do my best to do my pathefwork. 58% 60%
When | am in a team, | ask for help if we need it. 27% 60%

When | am in a team, | turn in my work on or beftre due date. 36% 38%

When | am in a team, | do my fair share. 65% 53%
When | am in a team, | help my team to solve proisle 50% 53%
When | am in a team, | help my team to stay on.task 41% 46%
When | am in a team, | listen to other membersisdeith respect. 54% 61%
When one of my teammates is upset | try to findvaloy. 39% 45%
When | don't know something, | ask questions. 44% 51%
When | am in a team, | follow team rules (team agrents). 58% 61%

When | am in a team, | help my team to gather imfation and 49% 44%
useful ideas to complete our work.

Theme 4: Students’ Lack of Experience with InquiryLearning
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Just as teachers found that implementing inqeiayring was challenging, they
also noted it was difficult for students as wéllleacher 22 expressed a belief that
students have grown accustomed to getting all #Hreswers from teachers. She said, “I
think at first they expected the teacher to tedhththe answers.” Teacher 32 similarly
noted:

They're really used to just taking stuff and nalhg having to think about

it, but spitting it back out, like filling in theubble. Now all of a sudden

you’re asking them to think for themselves and teplain their thinking.

They haven’t been asked to explain their thinkiegpbe.

Others agreed that it was hard for them to teaattesits how to “listen,” “ask their own
guestions,” and “keep engaged.” “It's hard enojugt getting them to speak but to get
them to answer or to ask themselves questions dbeuntiearning, that was super
hard” (Teacher 14). Many teachers also felt thadents were not prepared to respond
to ‘how’ and ‘why’ questions.

A related issue was teachers’ perceptions thdesis could not express their
thoughts in writing or orally. Teachers attributeds expressive weakness to students’
lack of experience in being in charge of their dearning and in developing their own
guestions. Teacher 21 equated this issue to sttarit knowing how to communicate
effectively.” Teacher 22 related this problemtie historical and contextual traditions
of teachers providing students with the beginnirgmpt and sentences to get them
started, leaving the students to fill in the blank&e classroom observations confirmed
that teachers continued to provide students withyns@ntence stems and often

required either one or two word responses. Intamdiin the 4" and %' grade classes,

students had few opportunities to conduct researcbad extensively about different
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organisms in the ocean food web; therefore, theliktée to write about (Observation
notes, 07/17/12, 07/18/12). Students also confirthat writing was a challenge. In
both the pre and post-survey when students wertamk open-ended question about
what they expected to be the hardest thing abotkingin teams, “writing” was the
most frequently mentioned item regarding academntent. Without opportunities for
in depth exploration, students were more limitetheir ability to create meaning—a
crucial component crucial of constructionism.

Theme 5: Shifting to Student-centered Learning

The historical and habitual use of didactic teadbdrinstruction put a strain on
teachers in shifting to a student-centered ingapyroach. The obstacles that emerged
included lack of experience with inquiry teachimgldahe difficulty of letting go and
letting students do the work.

Lack of Experience with Inquiry Teaching. Teacher 24 regarded using
inquiry as “a change in mindset or a paradigm sfofther. She mentioned that during
regular school, her classes are teacher-centessdtise that's what | was required to
do. And ... alot of schools are in the same situatvhere you’re doing direct
instruction that's mandated.” Therefore, switchiagnquiry is “a shift in thinking for
both [teacher and students] because the studentsused to having information given
to them.” Teacher 12 said, “I'm a linear thinkeihat whole, more open, messy,
collaboration part...is just not my nature.” Teach2rcontinued this line of thinking,
noting that in his previous way of teaching he juled the information. He added,

| felt like | talked too much even though | didwant to ... | think that’s
what was comfortable for myself and for the kid$ien, | just said, ‘This
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is what | want you to do, and | walked around gsiiding force... You
have to let go, ... |think that’'s what eventualbpipened.

Classroom observation revealed how hard it wasetachers to let go of total control of
their classrooms. Thé'4grade teachers struggled with the collaboratiaentsearches
and frequently found it difficult to not interve@bservation notes, 07/10/2012,
07/17/2012).

Teacher 15 admitted that stepping away from thé&mesi of previous teaching
was important but very hard to achieve. She adti@dwing that if | can get them
engaged ... and ... to come up with the questions|edritiem observe ... on their
own, that's the first step... | don’t know if I'm tteeyet.” Teacher 32 connected CCSS
with inquiry teaching and argued that although ingis “hard” to teach, it is “great”
for students. Teacher 11 saw a huge differencedset teacher-led instruction and
inquiry, observing that didactic instruction, “dasst ask a lot of questions from the
students.” Admitting that she started her sumntesscwith traditional instruction, she
soon realized that what they had planned was “Qdri®he and her grade level
colleagues decided to make their instruction meteresting and brought in live
animals for students to observe and learn from.

The Difficulty of Letting Go. The data showed that it was hard for teachers to
“let go” and give students permission to explord da their own research. Teachers
mentioned this process was not easy because ingasyot in their “comfort zone.”
Teacher 23 argued the hardest thing was

... being able to let go ... as a teacher and lettiests explore, because
we’re so used to having exactly what we want thdests to know and
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understand, but giving them the teacher role om tven, so that they can
facilitate their own learning and ...to figure ouetbcience concepts
through their own observations and not just throomme. | had to let go a
little bit, which is out of my comfort zone, atdtr but that became very
beneficial for their learning.

Teacher 33 also emphasized the importance afidetid as a teacher and
having the students explore. She added “beingtallet go and to have your students
go through the inquiry process is a learning predesteachers, as well.” For teacher
14 “it was hard to make it inquiry-based withoutigg them too much [information]...
| was scaffolding too much, ... giving them too mamgwers and not enough free
exploration. That was hard.” Later she disclosed tonce we were doing a little more
of that gradual release, they were in charge of tharning and had a lot of ownership
over what they were doing.” Teacher 52, a youagher, perceived inquiry as a
bigger challenge for the veteran teachers becéaseniad to “undo” the way they had
been doing things, “let go,” and be prepared t&etasks.” Though it was difficult to
let go, teachers worked on that skill because #sagythe benefits of it for their
students.

Tables 3.4 and Table 3.5 consolidate and summtrezéndings from the
observation and interview data. These tables oarthat students were engaged in
constructing knowledge in collaboration with teash&nd peers and that students did it
through hands-on learning by making and constrgaipublic entity— key
components of constructionism. The tables alsonsamze the challenges teachers
faced from a distributed cognition frame as a ttesulimited time, culture and context

and lack or unfamiliarity with key artifacts.



Table 3.4. Data Analysis through the Conceptuatensork of Constructionism

Components of
Constructionism

Evidence from interviews, observations and student
survey and student work

Students active
construction of
knowledge

Collaboration with
teacher and peers

Ability to create
meaning

Learning by making

Constructing a public
entity

Teachers referred to students’ construction of kadge
throughout their interviews. Example8 dnd %' grade
students in teams of four observed and student slwkved
they constructed a food chain from four organistadents
observed identifying “who eats whom,” in the fodshm. In
the 8" grade each team’s food chain became a part @isa cl
food web.

Teacher interviews revealed both challenges andftieiof
teamwork. Observation showed and student survey
corroborated that it was difficult for studentsqad in teams
of four to start working together in the first wesikce they
had little experience and little instruction on htmawork
together. The post survey data indicated that wgrki
together was seen as the best thing about team@trétents
valued it because of the opportunity to help edbkro This
view was a shift from pre-survey in which studesail they
valued teamwork so they could get help.

Observations indicated that opportunities to creaaning
were minimal because students had minimal resources
engaged in constrained research and were giveresimp
sentence frames for responding to teacher prorgpident
pre and post survey showed that the only itemdbateased
in positive response was “I help my team to gather
information and useful ideas to complete our wok.”
review of student work samples across the gradeseshthe
work was superficial.

Samples of student work fromrgwatass validated that
students learned by making and creating a progedheir
end of the summer school presentations.

The 8" grade iMovie trailers and thdgrade food web
posters are examples of theblic entityas students
presented them to their parents, other studentisa a@am of
local community researchers from a nearby universit

92
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Table 3.5. Data Analysis through the Conceptuaienaork of Distributed Cognition

Components of
Distributed
Cognition

Evidence from interviews, observations and student
survey and student work

Time

Culture and context

Social interaction

(student-student,
student-teacher,
artifacts in the
classroom
environment

Observations surfaced time, a crucial faci@bding greater
distributed cognition, to be important when working
groups and constructing meaning. Teachers inviies
frequently cited insufficient time to collaborateplanning
the unit and time for students to complete thedask

Summer school provided a unique opportunity fohbot
teachers and students to work in a new learning@mwment

Culture and the context ofdlassrooms in general and
teams and small groups in particular played anngis$eole
during the summer school. Observations indicataohveork
was constrained due to students’ and teachersimilidiaity
and lack of experience with teamwork and collabonat
Years of didactic and textbook teaching were ciediactors

Observations indicated that both teacher and staden
received opportunities to participate in small grau
Teachers had multiple opportunities to collaboeate
interact with their grade level colleagues usingots
artifacts, resources, and technology to plan tineir.

Teacher interviews, observation notes and studssit p
survey revealed that students worked in heterogeneo
groups with other students. Teachers interactéudwihole
class with small groups or with individual students
Observations of2and %' grade documented that often tasks
required students to work by themselves even thoug

were in groups. Tasks were often not sufficiendynplex to
require every student to have a role. One or twdesnts

were frequently observed playing a lead role wittecs
observing.
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Research Question 2: What are the benefits toistpiftom a teacher to a
student-centered approach?

Even when teachers faced many challenges andyicugith finding time to
adequately develop and implement their units, theyno difficulty in seeing the
potential and citing the benefits of problem-basepiiry. When asked how he felt
about moving toward inquiry teaching, Teacher 5dl@med that teachers are finally
“getting back to what schools should be.” He addad teachers it is our job to design
curriculum that is interesting, engaging and fuiven the teacher who reported using
teacher-led instruction for over thirteen yearsdweld that “students, especially the
English learners, learn better through inquirylieSaid the students need to get
excited about their learning and inquiry just dtes, plus it “helps them to
remember.” Teachers referred to inquiry as thet'lay for students”, and as
“student-centered learning” because students dect@lpeally take ownership of their
learning. Teacher 11 reported that students were ewgaged in the inquiry
environment and at the end they showed that thdydaned more. She noted, “I do
think any time the kids can be engaged and exeibedit their own learning, they are
going to take more away... They pick it up fastake more, remember more, and
retain it.” Teacher 41 stated, students

...have to be able to come up with the questiondiaddhe solution

themselves and then be able to write about itblEeno-based inquiry is, in

my opinion,...200% better. You need to researchu Need that

information for the students and for the teacher..so problem-based
inquiry...is needed for the deep learning.
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She continued by saying that with inquiry and stud’ engagement, “no child
IS left behind.” Teacher 15 who also started thammer school with didactic
instruction later reported,

| like the problem-based learning. It helps thedehts learn. When

they're actively involved in the problem. Whendsatrying to give them

all the information, they were kind of "okay" natitg into it, whereas

once they were able to investigate on their ownade up with their

own guestions, observations, and understandingwiswhen | really

saw them come to life and take an interest in it.

Teacher 12 confessed that after years of tellergirends about her doubts as
to whether teaching was her calling, she had toitathat after teaching this summer
school it was “like | found my mojo again.” To dam this further she acknowledged
that time for change has come. “Direct instructiawl its time and place, ... now we
want more from kids. We want them to be creatineiers...to be part of a global
solution that's outside the box.”

The Power of Teamwork Another benefit teachers observed was that students
learned how to be part of a team. During obsemnai®7/11/2012), Teacher 43 noticed
how students have “learned they could work as mfe&he commented that the idea
of researching independently and bringing it bacthe team has been “really
constructive ... it's a model that ... they’re not used She further emphasized that
“once they [students] realize that ...others arer@sted in what they're thinking, they
can have ah-has. Then, the level of work incredsamatically in quality.” Teacher
33 pointed to the value in students realizing thay needed to be in charge of their

own learning. “In their groups, they had to thatkout everything, come up with their

own questions...do their own research, and talk atyait findings.” Teachers
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perceived that collaborative small groups gaveesttgla chance to internalize their
learning and to retain it longer. As Teacher lidl:sa

I've always been big on Houghton Mifflin. It wasny easy for me
because it was all compartmentalized and it'sgtegp-by-step. | do think
the kids get more involved if we can help, trainfeach them to ask
guestions. With Houghton Mifflin, you don’t aska of questions and
you don’t have hands on and inquiry. | think wiyen do have hands on
or when you're watching the animals or whateveg, ks start coming up
with their own questions they're going to take more away from the
learning...pick it up faster... remember it.

Teacher 53 commented that through teamwork studiesaised how to work in a team,
and how to use each other’s strengths to comgletéask assigned. “They learned
how to divide the work... how to help each other.c8ese they had to rely on each
other to complete the task, and all students wele déccountable for knowing the
answer.” This was also observed fhgtade classes where teams had to present
collaboratively and each team member was requagétticipate (Observation notes,
07/18/2012).

The student teamwork survey also confirms thehtexat perceptions of the
value of teamwork. Comparing the “always” respenaiethe pre and post survey, we
observed that nine of the eleven questions thadhgkout teamwork showed a positive
trend with a higher percentage of students indigdtalways” on the post test.
However, when we ran a paired t-test of signifiearanly one item proved significant
at the .034 level, and it was: “When | don’t knoswreething, | ask questions.” This
suggests a positive impact of the summer schostudtents’ questioning from pre (M=

1.88, SD=.84) to post (M= 2.14, SD=.87), t (1043-147), p<.05 (two-tailed). The
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mean increase in students questioning was .26a\®b%% confidence interval ranging
from -.513 to -.020. This positive trend from tre-survey should not be over
interpreted, but does suggest that students &jt¢buld get help from their teammates.
On the survey we asked students to complete thersan “the best thing about
working in a team is...” On the pre-survey 15 studendlicated working together was
the best thing; 25 students gave the same responte post-survey. Getting help
from teammates remained constant on both pre astoap35 responses.
Discussion

This study confirmed previous findings that probibased inquiry can be
effective in engaging students from low socio-egoimobackgrounds (Cuevas et al.,
2005; Lynch et al., 2005). It also reaffirms Ertraed Simons’ (2006) findings that
teachers are faced with the challenge of creaticgtare of collaboration and
interdependence while at the same time adjustirigeio own changing roles. In
agreement with Taylor and Parsons’s (2011) revikresearch on student engagement,
teachers in this study found their students mogaged, taking greater interest in the
content, and retaining more of what they learnedteames that they all desired for
their students. Teachers recognized it was impbfta them to be the activator and
facilitator of student learning (Fullan, 2013; Hat2009) and to engage their students
in the co-construction of knowledge. This shifpiractice, however, was challenging
for them. This study adds to the limited literaton the challenges faced by teachers
who are striving to change their instructional picges in alignment with CCSS and

NGSS (Ertmer & Simons, 2006; Grant & Hill, 2008h particular the study explored
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the issues of using technology as a key artifatiénearning process and “letting go”.
Both of these issues are more critical than ewssrgthe adoption of the CCSS and the
NGSS and the impending implementation of new assests systems.
Technology Integration and the Shift to Student-Cetered Classrooms

The collaborative interaction among teachers, betvieachers and students,
among students, and with artifacts were the higihlad the implementation of the inquiry
approach attempted by teachers. Figure 3.1 captiieinteractive distributive
cognitive process among teachers as they planedégbon and decided on the artifacts
(tools) to use in supporting student learning d@htamong teachers and the students in

the classroom as they used the tools in their teams

Teachers < > Teacher

.

R

sluapnis

Teachers Students

Figure 3.1. Collaborative Interactions in a Distitdd Cognition Environment
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A distributed cognition perspective draws attentioimow learning occurs through the
interaction of the group, the artifacts and theiemment—time/space. In this case, the
environment was an intense summer school sessaaftowed some, but from the
teachers’ perspective, insufficient time for prepgia unit of study. A critical
component of problem-based inquiry is the rolertifacts in the learning process and
how teachers and students interact and interfattethiem. Teachers identified two
challenges: lack of adequate resources for bottheza and students and the lack of
knowledge of how to integrate technology effectval support learning (Edelson,
Gordin, & Pea, 1999).

Teachers perceived lack of resources for inq@iayriing in their classrooms,
school library, and online (because of districtigek restricting internet access) proved
consequential and limited student opportunitiegyiEmuine research into problems.
Students could research little more than what wasspripted by teachers. Although
the teachers realized technology enhanced theiteogproblem-based inquiry, most
teachers found themselves unprepared to effectimetyrporate it into their lesson
plans in a substantial way. Three factors seemée interacting, which partially
explain the limited use of technology. First weadahers’ own lack of comfort with
technology. Although considerable technology waelable at this school, its use was
primarily for practice and drill using pre-packagedgrams. Teachers were
unaccustomed to student use of technology for releaAlso there was little evidence
of teachers tapping into students’ ease with teldyyo except in the®grade classes

when students who finished their iMovie trailer jexd were partnered with students
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who were struggling. As previously documenteddshis can be significant
technology coaches for teachers if they are pra\igigh opportunities to take an
instructional lead and co-construct the learnintpwhem (Moeller & Reitzes, 2011;
Patton, 2012). In this study, only one teacheolved a former student who was now
in middle school to assist her in using technology.

Second, the one-week of PD and planning time befommer session was
inadequate for teachers to become fully knowledigeafithe resources available on
the web to support student inquiry. We agree Wdklor and Parsons (2011) who
argue for rigorous instruction for studentdnformation Navigatior(Brown, 2000) or
“digital information literacy” (Barnes, Marateo, Berris, 2007; Oblinger & Oblinger,
2005; Windham, 2005). These authors also urgdasitnaining for teachers because
of their lack of digital information literacy. Le@ng aboutnformation Navigation
teachers can model learning instead of tellingesttelthe answers, outcomes or
process (Claxton, 2007). The time limitations dedwith district policies that did not
allow students to freely research websites createdhnology-constrained research
environment.

Third, and most importantly, teachers feareditigtgo”. The fear was driven
by two factors: loss of control especially in thecamfortable realm of technology and
concern for failure to cover the agreed upon NG&8dard and end product. Teachers
who were the ‘sage on the stage’ (King, 1993) loactalize that through letting go of
their power they could provide a higher-qualityrieéag environment for their students

by drawing on students’ own knowledge. This cdagdaccomplished through fully
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using iPods and computer resouraesjia, biological samples, and the schoolyard
itself as instructional artifacts.

As Fullan (2013) has noted, bringing change hdsetaccompanied with
effective pedagogy and change knowledge, and witihahange is meaningless. The
change in this case—the opportunity for studenexfmore in a non-textbook way an
interesting problem of for instance, “who eats whamthe food web in the ocean—
was not meaningless. Both teachers and studeatgyet and benefited from the
process. However, this study highlights the neegive much more attention to the
role of artifacts, ensuring they are availablegtachers to fully support the learning
process as part of the pedagogical training andgghaffort. This study also showed
that teachers who accepted the challenge of impiéngenew approaches for engaging
and actively involving students and letting goedi¢her-centered instruction saw
students take more responsibility for their owrnrhéag.

The Role of Collaboration in Teacher Learning

Both the distributed cognition and constructiopstspectives highlight the
critical role of collaboration among teachers, Aetiveen teachers and students in the
creation and subsequent implementation of the rgaqunit (Barell, 2010; Ertmer &
Simons, 2006). This study showed, however, thatipus instructional practices as
required by state mandates (historical and cugentext) strongly influenced how
these teachers crafted their “problem-based legiegsons” and the learning
opportunities they afforded their students. Teeskame to realize that previous

practices of “telling,” “informing,” and “lecturingstudents did not allow students to
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construct and co-construct knowledge with peerstaedeacher; yet they struggled
with aligning these insights with prior daily preets. Thus students had beginning but
limited opportunities to engage in constructionism.

On the other hand, teachers were actively engegeshstructionism. Not only
were they learning to work together as a teamthmyt also were experimenting with
using teamwork in their classrooms. As teacheirseglanore experience co-
constructing their lessons (Katz & Chard, 1992¢yteeemed more open to the
advantages of students working in teams. Howelassroom observations showed
that teachers were not skilled in crafting lesgias enabled teams of students to
engage in complex instruction where every studadtdcritical role in solving the
problem (Cohen, 1994). As the construct of disiel cognition highlights, artifacts
are critical to learning and the lack of artifactgyht have played a role in teachers’
failure to create more effective, complex teamworiented lessons.

The summer school design provided teachers oppitiesi to collaborate during
their daily grade level meetings, which was a ngpeeience for these teachers. From
this collaboration, teachers realized that by angahe lesson plans together they
gained a better understanding of essential ingnéslier successful implementation.
This constructionism in action consisted of ‘builgiknowledge structures’ (Papert,
1991, p.1) for themselves and their students. Aeacengaged in the process of
constructing and reconstructing their own knowledgehey debriefed their lessons
and explored what was effective and what was fbeir joint planning created

opportunities for engagement, critical thinkingyestigation, and discovery as they
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created their units, assessments, and designetiuithent end products—artifacts
(Crawford, 2000). Similar to Roschelle, Pea, HegdGordin, and Means (2000), the
findings suggested that teachers also learnedciblemselves as they actively
participated in the construction of knowledge wathleagues. One of the tenets of
constructionism, the learner’s active constructbknowledge from personal
experience, was confirmed when teachers reconsttubeir own understanding of
problem-based inquiry as letting go and lettingistits be more active in the learning
process (Barell, 2010). The results of this stoaolyfirmed Grant’s (2002) findings that
teachers’ planning helped them to construct newwange of their practice and define
new roles as they shared their artifacts within acrdss grade levels. Also, an implicit
suggestion from the results for teacher preparai@hPD is the need to devote time
and space for the creation of joint units to supfeachers to move to a more student-
centered curriculum.

Another insight was that teachers need a theatetitderstanding of
constructionism if they are to successfully implemgoblem-based inquiry; yet for
these teachers constructionism is antitheticdhéontay they taught and in many cases are
still expected to teach. Their inexperience withstructionism as an approach to
teaching and learning was the basis of many ottiadlenges they faced (Grant & Hill,
2006; Tamim & Grant, 2013). However, the lessa@nplng opportunity, including task
and activity creation, and grade-level formativeeasments, gave teachers a chance to
explore problem-based inquiry as a group and thexpand their individual and

collective understanding of constructionism. A¢ #ame time this experience led
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teachers into assessing their teaching style witevaluative eye. In this transition
teachers are faced with self-managing a compléxwéade simultaneously helping
students to do the same (Savin-Baden, 2003).
Summary

Several important conclusions can be drawn frasidtudy. First, contrary to
Brinkerhoff and Glazewski (2004) who found teachertheir study reluctant to adopt
an unfamiliar teaching approach, teachers in timsmser school were open to and
excited about the opportunities to more fully erggatpidents in taking responsibility
for their learning. They did not reject the nevpagaches implied in NGSS,; rather,
they found them engaging and stimulating. Sectmal{eachers recognized the
tensions between the way standardized testingustsed them to teach and the value
of more actively engaging students. Neverthekbey, faced a steep learning curve as
they made this shift. Third, by better understagdhe constructionist and distributed
cognitive demands of problem-based inquiry, edocalileaders can better support
teachers in student-centered learning environmenigpped with the artifacts essential
for an inquiry classroom. The potential of problbased inquiry deserves substantial
attention as an effective pedagogical approachdetithe demands of NGSS, which
have been adopted by many states. Inquiry appesastiould also prepare student to
be more successful on the new assessments devéipplee consortia Smarter
Balanced and Partnership for Assessment of Readfoe€ollege and Careers
(PARCC). These new assessments, which will be ctemybased, will require

students to analyze problems and explain theioreag. It is our belief that teachers
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equipped with the knowledge and skills to supptutient-centered instructions and
students prepared to collaborate and learn in sngltonments create the right balance
for increasing mastery of new standards and erggreater college and career
readiness.

Implications for Practice

This study has three implications for teacher ggsional development and pre-
service education. First, this study shows thegravf teacher collaboration in
developing NGSS aligned inquiry units. Howevers ialso clear that teachers must be
given more time and space to do this work. Oneaipessolution to the time
conundrum would be to have teachers work in coliatiban to adapt previously
developed units that now need to be aligned toéve standards. Engaging in this
process a few times is likely to greatly facilits@chers’ ability to create units from
scratch.

Second, current and future educators would befrefit a deeper understanding
of the theoretical constructs of constructionisrd drstributed cognition. Fully
understanding the social nature of learning combimi¢h the practical knowledge of
how to build strong student teams that are abtadkle complex, messy problems
(Cohen, 1994; Kagan, 1994; Slavin, 1990) would tydacilitate the implementation
of problem-based inquiry (Burke, under review). oMiledge of distributed cognition
would enable teachers to think through how artfactd students’ interaction with
artifacts are central to learning. The concegrtifacts is especially important as

teachers learn how to more effectively integratbm@logy not as another “textbook”
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but as a social learning tool that allows studémtsecome knowledge builders and not
just consumers (Edelson et al., 1999; Scardanidieeiter, McLean, Swallow, &
Woodruff, 1989).

Finally, teacher preparation programs and prodessidevelopment must
engage teachers in exploring their role and retatip to students (Barell, 2010;
Ertmer & Simons, 2006). How can teachers be guidedflect and reframe their
perspective from the “sage on the stage” (King,3)98 a facilitator and activator of
learning (Fullan, 2013; Hattie, 2009)? An importhrst step is for teachers to examine
their own questioning strategies and to shift frasking primarily factual and
inferential questions, as is now typical, to askingbing and higher order questions
such as how, why and analysis questions. A negtistto engage students in
generating their own questions in regard to stadeltrey are to learn, and then moving
toward small-scale investigations and more compleblem solving (Burke, under
review; Rothstein & Santana, 2011).

The new standards such as CCSS and NGSS, anddhgquical approaches
they require, suggest that teachers cannot conttnde business as usual. It is essential
that pre-service programs and professional devetopime designed in ways that mirror
the way teachers are to lead their classrooms.

Areas for Future Research

With the potential critical role of problem-badedrning as an appropriate

pedagogy for implementing CCSS and NGSS, findingsfthis study suggest several

areas for further research. First, it would beontgnt to document if teachers serving
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more affluent communities who have been teachirgutess restrictive conditions
face the same challenges as teachers in this scBeabnd, we need to further our
understanding of how to effectively scaffold prabkeased inquiry for English
language learners. The teachers in this studygrezed that their students profited
from inquiry learning, but also realized studeaiskkd vocabulary and considerable
background knowledge compared to children of higloero-economic status. They
were unsure how to engage students in using av@nNatb resources for fear they
would not understand the material. A third areaftdiother research is how to teach
students to ask questions. As a result of sedisghallenge in action in this study, we
have modified Inquiry Designs for Deep Learningnicude PD for teachers in how to
engage students in questioning. We are curremtilyg process of documenting the
effects of this new component of IDDL. Finallybatter understanding of how to help
elementary teachers effectively integrate technolotp problem-based inquiry lessons
is needed.

Chapter 3, in part, is currently being preparedstdsmission for publication of the
material. Nariman, Nahid; Chrispeels, Janet. Thsattation author was the primary

investigator and author of this material.
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turn replaced over 2/3 of the former classroomhees All teachers in the district could apply &od all,
including current teachers at the school, werawegved for these positions.



CHAPTER FOUR: 23" CENTURY LEARNING IN ACTION: UNDERSTANDING
HOW STUDENT QUESTIONS ACTIVATE THINKING, LEARNING AID
OWNERSHIP IN A PROBLEM-BASED INQUIRY ENVIRONMENT
Introduction and Background to the Problem
The universal didactic instructional approach txteng, in which teachers are
considered the knowledge source and their job sattsmit that knowledge to their
students, constitutes the school culture of theddnbtates (Cuban, 2008).
Technological advances and increasing globalizdteore been the fundamental
accelerators of the calls for instructional chan@asmont et al., 2010). United States
business and educational leaders have urged traresfion of educational settings to
prepare students for today’s challenges. Thisstoamation from an industrial to a
knowledge and digital society has created a sutiataaquirement for ZLcentury
competencies, and has called attention to thetguaald quantity of learning occurring in
classrooms, with the concern that traditional apphes of teaching are insufficient to
address skills and knowledge students now needcessfully pursue college and
careers of the future (Dumont et al., 2010; Hangesa& Shirley, 2009). As part of this
transformation, Common Core State Standards (C@8&)he Next Generation Science
Standards (NGSS) were developed and adopted. T&S@nd NGSS expose gaps in
traditional approaches to learning (Dumont et2010; Hargreaves & Shirley, 2009),
which often fail to foster Zicentury competencies such as critical thinkingpiration,
problem solving and teamwork (Partnership fot Zentury Skills, 2009; Wagner, 2007).

Hence, to successfully implement the CCSS and NG&®ols
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need to adopt a more student-centered, inquirydoasdagogy. The aim of this
pedagogy is to nurture collaboration, discussion, @eliberation among students so they
can develop critical thinking and problem solvirkgls. An integral part of the scientific
method is the process of asking questions, findattg@ to answer those questions, and
generating new questions based on the initial resgg Thus by this inquiry process
teachers are instilling scientific thinking in thetudents. Our previous research
(Nariman & Chrispeels, 2013) identified the cruci@e students’ questioning can play in
their learning. A review of the literature, howewveevealed limited research on student-
generated questions. The limited (particularlyhwégards to how students’ questions
can lead to knowledge construction), and narrowdasstudies relate to the learning of
science) research in this area creates the rigitoement for more research (Chin 2002;
Chin & Brown, 2002; Rothstein & Santana, 2011).

This study draws on research on the use of queséisran instructional strategy
and the Rigor/Relevance Framework (Daggett, 2006 primary goal is to explore
ways students become more engrossed in their cavnittgy as teachers in an elementary
school (K-5) implemented Inquiry Designs for Deegatning (IDDL) and shifted their
instruction from teacher-centered to student-cedtéry engaging students in asking
guestions.

The focus of this study is one elementary (K-5)sttserving a large English
learner and socioeconomically disadvantaged papualaBecause of its low
achievement the school was required to follow #@ok based curriculum using

didactic instruction as the primary approach. Heevefor three years beginning in the
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summer of 2011, the staff implemented a three-veeekmer school program, which
taught teachers about problem-based inquiry, fabwwy teachers’ implementation of
inquiry with students for three weeks. We collated with this school for two of the
three years (2012 and 2013), collecting data omptbfessional development provided to
teachers as well as on the three-week summer Eeddreiarning Time (ELT) problem-
based inquiry science school. This paper discuds@scollected in the last year of
implementation of the summer school session (Sun2®eg).

The research data from the previous year was shétkegdministrators and
teachers. As a result changes were made in thgndefsthe program and
implementation plan for the last year, 2013. Bamaple, one of the findings from the
previous year was that teachers saw the valuesifieg standards-based science units,
but felt too pressed for time to design their owitsifrom scratch. The design iteration
for the summer session thus started planning eagieouraged grade level teams to
select the standard they wanted to focus on (raltfaer every teacher focusing on a
similar life science standard), and encouraged &saxther team to adapt existing units
rather than creating an entirely new unit.

Another insight from the previous year’s researdes that teachers saw the
benefits of greater student-centered instructian dnew on students’ interests, but were
uncertain how to increase student engagement.r diseussing the results with program
leaders a decision was made by the program leadecarporate into the professional
development the Inquiry Designs for Deep Learnimgpgonent on how to facilitate

students to generate their own questions. Asudtresthese changes, teachers felt their
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voices were heard through the research and agoeeddcond year of data collection and
observations in their classrooms. Thus this stiadybe viewed as design-based research
in which the first round of data collection influead the design of the intervention and
subsequent data collection (Collins, Joseph, &dgeyc, 2004).
The questions that we consider throughout thisystu:
1. How do teachers stimulate inquiry and enable stisdengenerate their own
questions?
2. In what ways do student perceive they were engaggdnerating their own
questions?
3. In what ways did the IDDL Inquiry Prompt Processl éime incorporation of
the 5E model support student science inquiry?
Literature Review
On Questioning
Teachers have always used questioning in theisetafhiowever, the U.S.
education system has long emphasized that the peiqgfdhe questions was creating
responses. Traditionally the focus of teacher tipres was to determine what students
know. Durkin (1978-79) noted that in a typicalrekntary classroom nearly all of
teachers’ instructional time was taken up by askjngstions of students. Teachers asked
80% of the questions posed in class, which werdlynfagtual or inferential in nature
(Gall, 1984; Watson & Young, 1986). Other studiasclassroom questioning confirmed
these practices and have shown that teacher qoiesticould be considered “triadic

dialogue” (Chin, 2006). Mehan (1979), and Sincéaid Coulthard (1992), for instance,
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investigated what was known as the IRE discoursadbin which the teachanitiated

with the closed-ended information seeking questiand students offered some
responseso teacher initiation which in return the teachealuatedheir responses by
praising the correct answers and/or correctingriberrect responses. The IRF pattern
was not teaching the students to think, rathenly taught them to know the right
answers, meaning students needed to rely on tesrarization of facts. Chin (2006)
proposed that what was evident from this type afadjue was that it had “restrictive
effects on students’ thinking as students’ respenemain brief and teacher-framed, thus
minimizing their role in the co-construction of nméag” (p. 1316).

Dillon’s study (1988) explored the lack of studémisgagement in the process of
guestioning that he attributed to an environmergnetieacher questions foil discussion
and students are not participating and are notgatyen the discussion. In contrast, he
suggested teachers who offered statements sawstuakents involvement through
sharing more complex thought, getting involvedhe tlassroom activities and
participating more. Recently, Parker and HurryO@20suggested that for teacher
guestioning to be successful we need to go beymatrécitation script” (p.311) and
consider students questions or reflections astegral part of knowledge construction in
classrooms. Parker and Hurry, through their olzgenmw study that was similar to Durkin
(1978-79) but 25 years later, explored whetheretlvegre any changes in the amount of
instructional time by teacher asking questionsthedextent to which the comprehension

strategies are explicitly taught by teachers. Tioemd direct teacher questioning still to
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be the dominant strategy. Consequently, they coled that if students are provided
with opportunities to ask their own questions, theuld learn and comprehend more.

Irrespective of their underlying purpose, questibalp students to understand
their world and make sense of it. Questions helgdrify meaning, explore, and
construct necessary scaffolding in understandiegsthroundings. Learning to ask the
right kind of question is of critical importanceycait enables individuals to participate
more actively in problem solving and decision-magk{Rizzini & Shepardson, 1991). It
also helps with understanding and producing insadpiaut the problem at hand.
Questions are supposed to ignite thought and ntetredlections. Thus, questioning, as
a tool, helps individuals to understand their immatglenvironment, act upon it, and
change it, while simultaneously empowering criti@atl cognitive thinking (Elstgeest,
1985; Maskill & Pedrosa de Jesus, 1997).

Different types of questions accomplish differeaalg. McKenzie (2003)
distinguished between different types of questamd stated that it was to the benefit of
students to recognize and identify these variopegyf questions and to be able to select
the appropriate one at the right time. He argbetlknowing differences between
various types makes students more powerful think&Aghy” questions, he believed,
involved analysis of cause-and-effect. Thus, natrention needed to be directed to the
variables in these kinds of questions. There weestions that naturally lead to problem
solving (the “how” questions) or to decision-makipige “which is best” questions). For
instance, “how” questions that were the basis foblem solving and synthesis could be

used to pull and change things around until a f@#ter version emerges. “Which is
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best” questions required thoughtful decision-makireg a reasoned choice based upon
explicit (clearly stated) criteria and evidence.the same fashion Wiggins (2007)

(http://www.authenticeducation.org/ae_bigideastltiasso?artid=53argued that good

education comes from a lifelong habit of questigneven during those times that we
were focusing on mastering content. He emphagimdeducation was not about
learning how to answer to questions; rather, it alasut “learning how to learn.” Thus
when teachers used the right questioning technjdieg ignited their class to pursue
inquiry at more profound levels.

Over a century of research has shown that questas a best practice
stimulated student thinking and learning (Fland&€§,0; Gall, 1970; Hattie, 2009;
Marzano & Heflebower, 2012; Stevens, 1912), andriarnies have been developed to
describe what questions teachers should ask (Blamgelhart, Furst, Hill, & Krathwohl,
1956; Gall, 1970). However, students are not taogprompted to ask questions.
Instead they are accustomed to teaching envirorswemére teachers ask all the
guestions and a selected few students who raigehtireds provide all the answers.
Relatedly, Watts, Gould, and Alsop (1997), and GBDB04) argued that student
guestions are diagnostic of their thinking andaactiominant thinking tools that boost
meaningful learning while at the same time offexcteer clues into students’
understanding of the subject matter. Howeverfypeal IRE pattern of questioning did
not seem to promote meaningful learning becauskests are primarily required to
parrot back the expected answer the teacher heedgigiven the student. Some recent

research on questioning showed that teachers arg gqigestioning to scaffold students’
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thinking (Chin, 2006; van Zee, lwasyk, Kurose, Ssmp, & Wild, 2001). Once teachers
give attention to student questions, they gainsiyit into their thinking and conceptual
understanding (White & Gunstone, 1992; Watts, GofildIsop, 1997) and into their
preconceptions and misconceptions (Maskill & Pealides Jesus, 1997), including their
reasoning and what they desire to learn (Elstg&885). In spite of these important
findings, many elementary classrooms show thahtacstill pose primarily lower level
factual or inferential questions, thus limiting babeir own learning about students’
understanding and students’ opportunities to tinitically. Because of the critical role
of questioning to student learning, there is a feedesearch at the elementary level on
how teaching teachers to facilitate students tegea their own questions could support
student learning. In addition, little research bhasn conducted on how to support
teachers with questions thelgouldask, how teachers implement effective questioning
techniques, and how teachers are guided to imgh®iequestioning practices (Gall,
1970, Borg, Kelly, Langer, & Gall, 1970; Sloan &tPal996). We believe this study
helps to fill these gaps.
The Rigor/Relevance Framework

The International Centre for Leadership in Educatidaggett, 2005) has
developed the Rigor/Relevance Framework to exaweungculum, instruction, and
assessment based on two dimensions of higher stindiad student achievement. This
framework is a four by four matrix. The verticaisillustrates the knowledge taxonomy
developed by Bloom, with the lower left corner eg@nting knowledge awareness and

the upper left corner representing the highestlealuation of knowledge. The
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horizontal axis reflects a continuum of ApplicatiohKnowledge Model (created by
W.R. Daggett). The lowest level of applicatiort@sidered to be knowledge in one
discipline (lower left corner) and with the highéstel (far right) being labeled “applying
knowledge in real-world unpredictable situationtsig requiring adaptation of

knowledge (see Figure 4.1).

Ri1GOR/RELEVANCE FRAMEWORK ™
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Figure 4.1. The Rigor/Relevance Framework AdapteohfDaggett (2005)

Quadrant A is mere recall and remembering the kedgé with a focus on
teacher work and a passive student learner. Il@naC, knowledge is strategic and
extended in a way as the learner needs to créat&, analyze and adapt, often within
a discipline as indicated in the application mod@luadrants B and D emphasize
students doing the work; yet Quadrant D extendsudents thinking and working.

Quadrant D epitomizes student-centered learningdestis’ thinking, doing, revising
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and refining, reflecting (thinking) and owning tlearning. Daggett advocates student-
learning opportunities through instructional preet dominating Quadrants B and D.
If instruction falls primarily in quadrant A andstudents may not learn how to think
critically, solve problems and apply new concept® also suggests that this
framework can serve as a bridge between the conmynamd the school to demonstrate
to parents, community, and business leaders hatests are developing 2 Century
skills and learning how to learn. In this studw above framework served as a tool for
analyzing the observed lessons that teachers etngaggents in during the summer
session. It also provided a framework for explgriine level of teacher and student
guestions.
Methodological Approach

Design

This mixed-method design study (Cobb, Confrey, ssgelLehrer, & Schauble,
2003) draws upon multiple data sources to constmdtinfer evidence of students’
cognitive interactions as they engage with teacaedsclassmates in problem-based
inquiry. The previous year’s results (Nariman &riSpeels, 2013) encouraged us to use
the paradigm of design-based research for thig/stud
Design-based Research Intervention

Since the early 1990s, design-based method hasditiieoretical research and
educational practice (Brown, 1992), and its useotinect foundational research to test
enhanced educational designs. In recent yearaubedechnology has been a major

intervention in education, there has been increagecest in design-based research by
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the educational technology community (Bannan-Ratla@03; Shelton & Scoresby 2011;
Wang & Hannafin, 2005). The reason for this netenest is threefold: (1) design-based
research is repetitive in nature, following an iméation over time, (2) it is situated in a
real environment, and (3) it adopts a holistic apph toward technology-enhanced
learning environment (Kamble, 2013; Wang & Hanna®#@05). The researcher must
recognize the learning setting as a dynamic onsisting of members (in this case an
elementary school classroom teacher and his/hdests) that have prevailing routines
and specific needs (Kamble, 2013). To illustratepducing problem-based inquiry in a
complex classroom setting as a design-based résesrates demand for the researcher
to be involved in all aspects of creating a newrlg® environment, i.e., design,
development and implementation. In other wordsjlar to action research (Reason &
Bradbury, 2007), the researcher is a participant-efypartial— in the design,
implementation and subsequent data collection aatysis of the impact of the
intervention. In this case, the first and secomith@rs acted as traditional case study
researchers in the previous year’s data collectisiter the findings were analyzed and
shared with the teachers and the third author, wéthe program leader for the summer
school session, the research in the second yebreevimto design-based research with
all the authors exploring how to use the findinggmnhance the professional development
as well as the implementation of the problem-basediry in the second year.
Context of the Study

The study took place at an elementary school sgivatino heritage students,

with 93% of the students qualifying for free andueed-priced lunch and 82% classified
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as English language learners. It has been desigeatunderperforming and was
required to initiate Zurnaround reform process. As a requirement of the turnaround
process the learning time for students was inceettgeugh a summer school Extended
Learning Time (ELT). To satisfy this requiremeiie school selected to extend student
and teacher learning over a three-year problemebiasgiry of summer school focused
on science. Data were only collected in the se@tithird year of the program. This
paper will focus on the results from the third year

Initial Design and Yearly Redesign of Curriculum

Each year the ELT consisted of two curricular fecience and either literacy or
math. The first year focus was science and literdoe second year science and a
remedial math software program (SuccessMaker)ttanthird year emphasis returned to
science and literacy and questioning.

The first year, teachers by grade level selectedASPicture Perfect and Great
Exploration in Math and Science (GEMS) Lawrencel daEcience units (Ansberry &
Morgan, 2005, 2007). Teachers were not requiredigo their units to specific
standards. In the second year, the emphasis sluthener school was altered to be
standards-based, with teachers and administratendiiying life science standards from
Draft NGSS (n.d.) and California science standafsachers in grade level teams
developed their own units, including daily lesst¢eng, assessments and final student
performance products. We studied the challengd$anefits of implementing Inquiry
Designs for Deep Learning’'s problem-based inquiryear 2 and shared the results with

the teachers and administrators (Nariman & Chrisp@@13). These data were used to
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guide planning of Year 3 ELT, including time fos$®n planning during the year,
provisions for more teacher and student resousteba focus on teaching students to
generate their own questions. The emphasis afuhemer school continued to be
standards-based for Year 3. Prior to the summadeglevel teachers explored and
developed units of study that they adapted fromstayg units. Although teachers had
some individual variations in implementing theiade level unit, they basically followed
the plan they had collaboratively developed. Tage them time to prep and gather
resources deemed needed to engage students. r3arih@ previous two summers,
teachers received a week of professional develop(R&) including daily collaboration
time with their grade level colleagues to planthmiit during this week and every
afternoon during the summer school.

Focus of the Professional Development in Year 3The goal of the third year of
professional development was to provide two add#idools as part of the Inquiry
Designs for Deep Learning protocol. The first amast important was to explicitly teach
teachers how to engage students in asking theirquestions. Observations from the
previous year summer school confirmed what wasrtegan the literature review:
teachers primarily asked students factual or imigakquestions and students rarely
asked their own questions about what they weraileg(Nariman & Chrispeels, 2013).

IDDL is an instructional approach to support teashe shifting their classrooms
from teacher-to-student-centered environment arhgmge students in generating their
own inquiry questions in teams. In addition toigesg inquiry units, teachers learned

to think about their own approaches to questioaing) how to engage students in
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developing questions using an inquiry prompt (Butkeder review) adapted from the
work of Beane and Brodhagen (2001), and RothstainSantana’s (2011). Teaching
students to generate their own questions hasats o Burke’s Inquiry Continuum. This

continuum is shown in Figure 4.2.

IMPLEMENTING INQUIRY: AN
INSTRUCTIONAL STRATEGY

[/

Teacher Student Small Scale Complex Problem
Questions  Questions  Investigation  with Performance
6 ———

Figure 4.2. Inquiry Continuum: An Instructional &gy Model for
Implementing Inquiry (Burke, under review)

According to Burke and Chrispeels, the instructi@ral learning demands of
CCSS and NGSS, which require students to not jusivkout also apply and use their
knowledge, require that teachers make the chalgngansition to an inquiry model.

Their Inquiry Continuum advocates that teachest become more aware of the level of
guestions they ask their students, and subsequeatth their students how to ask
guestions. According to these authors using tlathod facilitates teachers and students
to move to higher levels of engaging work that wilsure student success in meeting the
new standards.

It is essential for PD be designed in ways thatanithe way teachers are to lead
their classrooms. Through two previous years dlsatale problem-based inquiry

implementation, teachers learned about their clmangiles, and began a gradual shift to
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a more student-centered classroom. They weramadstng from posing factual and
inferential questions to probing more deeply witloWw” and “why” analysis questions.
The third year PD thus focused on helping teaclears to engage students in generating
their own questions, and to stir them toward sreedile investigations and more complex
problem solving.

To facilitate the shift to student-generated questj teachers were taught the
IDDL inquiry prompt questioning process (see Figtu®). Rather than beginning the
lesson with a question, teachers pose an inquompt. The prompt, could be
considered as the equivalent of a headline, howaverbased on teacher-selected
standards that students are to master. For exampbelore the standard on ecosystems,
teachers might present the inquiry prompt, “Be@uigs collapsing across the United
States.” In this process, every student has tperdynity to brainstorm and write as
many individual questions as they can in a set armoitime in relation to what they
want to know about this prompt. Once their lisgénerated, students as a class or in
small groups review their questions in relatioMtebb’s Depth of Knowledge (Webb,
1997), and determine which questions are factuallrguestions (Level 1 questions),
and which ones call for analysis, synthesis oriapfbn of knowledge. Then students
negotiate in their assigned groups or as a clagslacide on the top three questions that
most of them want to explore. In negotiating whiglestion(s) to select for their group
work, members of the group discuss their interastscome to group agreement on
guestions they want to explore further. The preaddeveling the questions helps

students see that it is the “how” and “why” quessidhat are of the most interest and that
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their factwal questions will be answered in the process ofcexmg the how and hy
guestions (Burkeunder review. In addition to the one week PD on how to enc
students in generating questions, teachers algovestinstructional coaching suppc
from three oaches and one administrator, bot-the-spot and side-bside to improve
their quetioning strategies with KarwanlDDL Questions to Guide Inquiry Rub

(Appendix D).

Evaluate
Identify
/1 skills Refine Investigate g’ Final Product/
l= Practice [~ Performance

Students” Actions

IDDL PROCESS OF INQUIRY

Figure 4.3Inquiry Designs for Deep Learning Proc

5E model to support inquiry. As illustrated in Figure 4.3, the 5E componen
the IDDL Process was reinforceuring the third year PD weekGiving attention to th
5E process was to supf teachers’ use of inquiry to improve studentsderstanding ¢
the scientific procesand iteracy (Trowbridge, Bybee, & Carlsdtewell, 200).

Karplus and Their (19§ riginally developed th&cience Curriculum Improveme
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Study (SCIS) with three phases, preliminary exgiora invention, and discovery. In the
mid 1980s Biological Sciences Curriculum Study (BB3@ceived a grant to produce a
design for a new science and health curriculunefementary school (Bybee et al.,
2006). The BSCS consciously started with the S@$8uctional model and formulated a
5E instructional model. This model consisted eéfphases: Engagement (new phase),
Exploration (adapted from SCIS), Explanation (adddgtom SCIS), Elaboration
(adapted from SCIS), and Evaluation (new phase).

During theEngagephase of 5E, students’ interest is stimulatedis phase
provides students an opportunity to get personallglved and gives teachers a chance
to pre-assess students’ prior knowledge. IrBx@lorephase, students are given a
chance to build their own knowledge/understandinte topic via hands-on activities.
For theExplain phase, students take advantage of the learned&dg&vand generate
explanation of the new phenomena. DuringEReéendphase students understanding is
challenged and deepened through opportunitiesgly aghat they have learned to new
problems and situations. TE®aluatephase takes place throughout the cycle as well as
during students’ final demonstration of their magteRegular evaluation/assessment
reminds both students and teacher of the amouetinfing that has taken place and is
thus an ongoing diagnostic process.

Study Participants. All 725 students attending this elementary schoslev
invited to participate imhesummer school program, and 560 of them registeBased
on the previous year’s research results and teagpet, students were kept with the

same teacher they had during the regular school y&ahe end of the summer school
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program all 19 summer school teachers participaitede of four focus groups. From
the 19 teachers teaching in the summer progranebserved a purposeful sample of
11 teachers who satisfied the following criterial@d & Huberman, 1994).

1. Taught in the previous year's summer school

2. Continue to teach in this same school the followiagr

3. Be willing to participate in the study.

Prior to the start of summer school forty-four &ot$, who satisfied the
following criteria, were purposefully selected ImgtSummer School Turnaround
Administrator to participate in focus group intexwis. From this forty-four students only
thirty-eight attended the summer school and thusggaated in grade level focus group
interviews consisting of 2-8 students from whichvdre girls and 17 were boys.

1. Be enrolled in the classrooms selected for obsienvat

2. Be from different achievement categories in thieissrooms: one top student,

two middle-performing students, and one low periogrstudent based on
proficiency levels in English Language Arts.

3. Reflect a balance of gender.

4. Parents' permission to participate in the study.

Data Collection

Multiple data sources, including teachers’ lesslamg samples of students’
artifacts and science journals, oral presentaticlassroom observations field notes,
transcripts from audiotaped focus group with batidents and teachers were collected.

Table 4.1 demonstrates the type and sources odathfor this study.
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Table 4.1. Types of Data Collected

Type of Data Sources of Data

e Lesson Plans e  Summer school communal
Google doc

e Team planning minutes and documents e Teachers grade level
collaboration

e Classroom observations field notes e Classroom observations
field notes

e A sample of student work e Students

e Transcripts from audio-taped focus group e 38 Students in focus groups
by grade level once a week
for 3 weeks

e Four transcripts from audio-taped focus groups All 19 teachers
e Teacher survey e Teachers

e Mirrored pre and post student science assessment ¢  Students
e Coaching notes e  Summer school communal
Google doc

Observational Data. Qualitative data included observation field notes
collected twice per week from eleven pre-selectesl dfassrooms for 30 minutes per
observation. The purpose of the observation wabserve first hand how teachers
were implementing the Inquiry Prompt Questionimgtglgy and the components of the
5E lesson model over the three weeks. The ledwaanhd a colleague developed an
observation protocol and conducted all of the fdroleservations (see Appendix E).
The third author, as the Turnaround Summer Schaoekr, also kept coaching notes,
which were incorporated into classroom observati@ia. The observations provided a
valuable data source to triangulate with studeterimews and the final teacher focus

groups.
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Document collection. Planning materials such as teacher weekly lessaorspl
and collaboration and team planning minutes westgabeach week via Google Drive
and later made accessible to the researchers.

Interviews. Thirty-eight of the 44 pre-selected students anteh8hers were
interviewed for this study. Four students who waneselected opted not to attend
summer school and were then dropped from the st8ax Appendix F for student
interview protocol, and Appendix G for teacher puoutl.

Student interviews. The student focus group interviews were conductiéhl four
pre-selected students from each class at the eeacbfweek. The selected students were
representative of the different achievement lewélsach class —one high, two middle,
and one low. Students from each grade level weesviewed usually as a group of
eight or less depending on class schedules oneh for three weeks. The interview
protocol involved asking the same fourteen questmfreach student at the end of every
week. During the interview, each student was mrediwith time to respond to every
guestion. The interviews were tape recorded ated teanscribed by a professional
transcription service.

Teacher interviews. All of the summer school teachers also participatefdcus
group interviews. At the end of the summer schib@ teachers were divided into four
groups of four or five in order to give all teachsufficient time to express their views.
They were asked to respond to 12 focus questidiisocus groups were tape-recorded

and later transcribed by a professional transcnipsiervice.
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Teacher Survey. Teachers were requested to complete a survey igl€éo@rms
immediately after the 35 hours of professional dgw@ent (PD) prior to the start of
summer school. Teachers responded to three ot @uestions: (a) what were the
benefits of the inquiry PD, (b) how the PD suppattgeir understanding of the way they
would use questioning to help students understamdi (c) how the PD might support
their understanding of why students need to gead¢hair own questions. In addition
there were 16 Likert-type questions with respomaaging from strongly agree to
strongly disagree. For this study we used respotwsthe open-ended questions.

Student Assessment A mirrored pre and post NGSS aligned studergsssaent
was developed for each grade level consistingrektko four open-ended response items
to assess their science knowledge related to #melatd the teachers would be exploring
with each grade level. The Instructional Coacltes Summer School Turnaround
Administrator, and teacher teams developed thesssasients. Students took the pre-
assessment in May before the end of the regulao$égiear. During the week of PD,
teachers collaboratively analyzed their studerdseasment results to identify
preconceptions and misconceptions they neededrediate. This supported teacher
team unit planning. The mirrored post assessmaattiien administered at the end of
the summer school session.

Data Analysis

Data from multiple sources were examined in retatmeach other and were

analyzed and coded for emergent themes. This pp@eesed to triangulate the data and

to help enhance the credibility of the findingsntoln & Guba, 1985). The Rigor and
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Relevance Framework and the attributes of the S&ole model (engage, explore,
explain, extend, and evaluate) provided an ovenagotontext for analyzing observation
notes, student’s questions and teachers’ lessomipig For instance, the observation
notes were explored to compare students’ initialkwo week one with the work
completed in week three to see if it reflectediét flom acquisition of knowledge to
application of knowledge. Lesson plans and obsenvaotes were also analyzed to
identify elements of the 5E model.

Data on teacher questions and student questioresageied using a taxonomy of
guestions (IDDLQuestions to Guide Inquiry Rubyisee Appendix D) which presents
five levels of questions including recall, skill process questions, strategic, extended
thinking and metacognitive questions. These diffetevels of questions helped students
move from building background knowledge with fattinéormation to active student
engagement and exploration through questioningdesits’ questions were coded using
cognitive categories according to the type of qoastasked. These cognitive categories
represented students thinking, which could inv@lvaere recollection of facts, or higher-
order cognitive processes like assuming, postgatoreseeing, explaining, interpreting,
and concluding or making decisions. Data sourca®\analyzed iteratively in order to
examine student questions and their engagemeniweéktions as well as shifts in the
types of questions teachers asked and the lewtuidént involvement in generating
guestions.

To understand the impact of the three-week sumessi@n on students’ science

learning, the pre-and post assessments were reyieweatched pairs by class. To
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determine if there was an influence on student kedge two factors were used to score
the work. First, was there an increase in theofiseientific terms from pre to post.
Second, did the explanations the students offereesponse to the question show
increased grasp of the scientific content. In tholalj the final projects examined in
relation to the Rigor and Relevance Framework, @afig was their evidence of students
application and adaptation of knowledge.
Results

To illustrate the various ways teachers and stgdemgaged in the inquiry prompt
process, we present three case vignettes ffor'd, and & grade classrooms and brief
summaries of the science lessons in'Radd %' grades. These case studies allow us to
provide more details of how the inquiry, in gengeaidd student-generated questioning
process, in particular, unfolded in the classroabtdifferent grade levels during the three
weeks summer school session. Following presentafithe case studies, we report
overarching themes common to all grade levels:
1% Grade Case Study

Two of the four ¥ grade classroom teachers met the criteria to leetsd for
observation twice per week. Using the followingrgtard, 1-LS1-1Use materials to
design a solution to a human problem by mimickiog plants and/or animals use their
external parts to help them survive, grow, and niegit needsNGSS, n.d.), teachers
focused on the topic “invertebrates and solutionsuman problems.” Their inquiry
prompt was that “humans mimic insects to solve lamois” (I grade teacher’s lesson

plan, 06/10/2013). The problem/scenario teachessted and presented to students was:
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There are many things that we see in nature thagilpeopy and use to
help them solve problems. We are going to be dailay of learning
about insects and spiders. We will learn about theedy parts and where
they live (habitats). How have we used what wevkabout insects and
spiders to design something that has improved heWhwmans) live?

In addition to the problem and an inquiry promgtttii* grade teachers crafted,
they used a different focus for each week of thrareer school session. In week 1,
students learned about scientists and scientifibhogs and explored insects. In week 2,
the focus was on the concept of invertebrate/veatetand insects. Finally, in week 3,
the focus was on animals/insects and human adaqsati their structures to solve
problems. Students created posters, brochuresnaddls of show the way people have
copied insects to solve various human problems.

Week one started with thé' firade teachers introducing what it means to be a
scientist and how students would be scientistanduthie summer school. Wearing white
lab coats, teachers modeled for students how tubeus, observant, ask questions and
seek answers. They demonstrated mixing wateraleibhol, and food coloring. During
this demonstration they continually asked the ¢las$hat am | doing?” At the same
time, to give students clues, they used metacognitirategies of verbalizing their
actions, such as “I am weighing/ measuring/ gatigetools,” and by vocalizing questions
such as: (a) “I wonder what will happen if | dréyetred food coloring in the water in the
cup?” (b) “What is the effect of adding oil to tbep?” and (c) “| wonder why the two
colors are not mixing?” Then, they invited studetat ask questions. At the end of this
science experiment demonstration, the teacher dbketlass again, “What am 1?” If

students guessed the teacher to be a scientseteaould ask, “How did you know?”
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and would request students to give clues thahintknow who s/he was. Finally, the
teacher showed a few slides summarizing what ssisrdo.

The teachers also employed the 5E learning cyadrestructional model to
promote student inquiry and exploration. TableiduBtrates the phases of 5E learning
cycle and instructional actions teachers used iegineir instruction for every insect
they introduced in their classroom.

Table 4.2. Identifying How Teachers Unfolded thePsacess in the First Week

5E Phase Recognizing teacher and students actions

Engage e Teacher begins with a science demonstration:
weighing/measuring/gathering
tools/modeling/wondering out loud/asking

questions
e Students: observing
Explore e Students: hands-on activity observing insects

using magnifying glass and other tools
e Teacher: taking notes, probing questions,
encouraging
Explain e Students sitting on the carpet as a whole
group: explain their understanding and newly
found materials either to a partner or the
whole class, communicating their learning
e Teacher: guiding, explaining, probing
questions
Extend e Students go on a walk around the
neighborhood: searching/transferring of
information
e Teacher: guiding, directing, probing

Evaluate e Students: self-evaluation/peer
evaluation/journal writing
e Teacher: verbal feedback, written feedback in
journals

After initiating the inquiry by donning lab coatscamodeling the concept of a
scientist comprehensible by raders, teachers reiterated the inquiry promptiabow

humans mimic insects to solve problems. Studelwvgded into groups of four)
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addressed this prompt by observing several ingetkeir classrooms and were
encouraged to write their questions in their jolgn#n top of each small group table
there were preserved insects in jars, magnifyiagsgs, science journals, and pens.
While students were left to observe the insectsgusiagnifying glasses, the teachers
walked around, asked students probing questionsiatedl statements the students were
making. During their observation, teachers intemtland repeated scientific vocabulary
words. For instance, the teacher would ask a sgnalip what they were doing. They
would say, “We’re looking at the insect in the jaiThe teacher would respond, “So, you
are observing the insect in the jar.” The teachwtes were later transferred to poster
board and displayed in front of the class wherdestts gathered for their whole group
activity. Teachers wrote students’ statementsembster board with the student name
beside them to give them recognition. Then, tregdu’ | wonder...” sentences (e.g., |
wonder if ants bite?), and finally the teacher ado®re open-ended questions, such as,
“Why do ants bite?”

Later, the teachers took students on a neighborhadidto explore how humans
have used their knowledge of bugs and animalslt@ sbeir own problems. Upon their
return, teachers initiated their classroom sessitina PowerPoint that demonstrated
how humans copy structures and attributes of asimatliothing, helmets, airplanes,
hook-and-loop fasteners, and bridges (Teacherskiwgéanning data, 06/26/2013).
Thus, the first four phases of the 5E served gsenglto the inquiry prompt to ignite
students’ curiosity and motivation to learn morewboth insects and humans.

Teachers evaluated students’ learning through gwimiting and drawing in order to
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check for student understanding and adjust instnuat planning in Week 2. Teachers
collaboratively examined their journals in theiretiag (Teachers’ weekly planning data,
06/26/2013).

Week two started with a focus on differences betwesrtebrates and
invertebrates. Teachers wanted to make sure tilndgrsts understood the distinction
between what makes people and insects differedtaathe same time, teachers tried to
show the connections between objects like helrfietfighters’ suits, wetsuits, et cetera,
to structures in insect or mammals body parts toadestrate how humans have copied
insects and other animals. Teachers needed toeesisglents knew that insects and
spiders have structures on the outside to pratecht and humans copy these structures
to protect their bodies (personal communicatiornwieacher 11, 12/03/2013). The
teachers started the week with x-ray images of muama insect bodies as their
engagement strategy, and continued throughout #ei with discussions, observations,
and videos. Midweek, they developed a thinking tmagdrawing a big spider in the
middle of a chart and activated their studentsdipknowledge with an “I know...”
activity, the first part of forming a Knowledge-Waber-Learn (KWL) chart. The KWL
process is a graphic organizer designed by Oglea)1t® foster learning by engaging
students’ curiosity, knowledge and interest byvating background knowledge. The
KWL process clarifies what students know (K), wtrety want to learn(W), and what
they have learned (L) (Field Notes, 07/05/2013)m8 of the students’ misconceptions
about insect body parts that emerged in this peoaese that ladybugs can call for help,

and that bees bite. Observation notes revealedehehers noted these misconceptions
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and raised them later in their probing questiongrémps. The phases of 5E were
repeated three more times in this week to discaddesmrn about ants, praying mantises,
and grasshoppers. Th@aluatephase of 5E occurred across all the other 4 plesses
teacher and students assessed and celebrateddhatashlearning that was taking place
in each phase (Field Notes, 07/02/2013). In amiditstudents evaluated their own
learning by writing and drawing in their journadgd teachers checked for understanding
from their entries. Teachers used student jourssis feedback loop to students, sharing
student exemplars as anchors so other students ewgplain and extend their thinking
and learning (Coaching Notes, 07/02/2013). In W&ekudents demonstrated their
acquired knowledge by creating posters, brochames models of how people have
copied insects to solve a human problem.
2" Grade Case Study

There were four™ grade classes in the summer school and againfttheim
were purposefully selected for observations. Seégyade teachers used four standards,
2-LS-2-1 ‘Plan and conduct an investigation to determindahgs need sunlight and
water to grow’ 2-LS-2-2 “Develop a simple model that mimics the functioarc&nimal
in dispersing seeds or pollinating plarit2-LS4-1 “Make observations of plants and
animals to compare the diversity of life in differ&abitats’ and 2-PS1-3 Make
observations to construct an evidence-based acaafumw an object made of a small
set of pieces can be disassembled and made it abject (NGSS, n.d.).

Their inquiry prompt was “animals wants vs. animaeds, ” and the

problem/scenario the teachers crafted was: “[T]laeedess pollination insects (bees,
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butterflies, beetles, etc.). This has createdalpm for plants since many are dependent
on insects for pollination. Design and create aehdy mimicking those insects to
pollinate plants” (Teachers’ Summer School Calendaf15/2013). Each week had its
own focus. In Week 1, the students identifiedghgose of the flower and its parts. In
Week 2 students explored materials and propefegsiorked best for picking up and
dropping off pollen. Week 3 students used theovkiedge of pollination to help them
design a hand pollinator to pollinate a real flowét the same time students created a
StoryKit on their iPods to explain what would happiepollinators were eliminated. The
culminating activity was to share and present tep& and other classmates their
individual stories and inventions.

The first day began with class and team buildingreises and partner work, and
ended with a nature walk. During the class bugdaetivity, teachers asked students to
jot down in their science journals what they eniiked about science and to share their
notes with a few other students with a Rally Rdhside/outside circle Kagan
cooperative learning structure (Kagan & Kagan, 30@8roup/team building/bonding
followed a similar structure with students reflagtindividually in writing for one
minute as many science-related vocabulary wordlsegsknew, and then sharing it
through Round Robin Kagan cooperative learningcsiine with other teammates. Then,
working with a partner, students sorted living adh-living images into two groups
using a blank paper to create a T-chart. Durimgydbtivity, teachers asked probing

guestions, such as, “What makes something livirag@l' “How do you know if

something is living?” Throughout the remainderted first week, teachers unfolded the



138

5E phases as well as the steps for generatingignestThe purpose of these activities
was for students to identify flower parts and thpeirposes. During thengagephase
students watched a video clips of plants with dimettior (bee). Following the inquiry
prompt questioning process, students were themgiew minutes to write as many
guestions as they had about bees and pollinaiite. teacher charted every student’s
guestions exactly as stated. In small groups wrf, fstudents discussed their questions,
which had been recorded on the anchor charts.nBhis discussion time, the teachers
walked around and asked probing questions to gaidea of students’ prior knowledge
(e.g., plants need sunlight and water to grow,tglanme from seeds, and they have
parts), students’ misconceptions (e.g., plantsareliving, flowers just make the plant
pretty, and flowers protect plants), and questi@ggrding plants and pollination (e.g.,
why do plants need animals to reproduce?). IrEttore phase, students examined
various plants in their small groups. First, sitdeobserved teachers modeling how to
dissect a flower, naming the various parts of #madle and male plants and describing
the function of the plant parts. Students thesadited their own flower. Also, students
were given specimen of various pollinators in jarebserve. During this phase, the
teacher monitored the classroom and asked questionake sure that students were
paying attention to different parts of the flowadahe details of the pollinators in jars.
For instance, teachers would ask students whdikgrinew what the function of a
specific part of the plant was, or whether they saw patterns across different plants.
For theExplain phase students drew pictures of their flowers@adts, labeled various

parts, and wrote an explanation about each pautisgse. Later, when students circled
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on the carpet, the teacher asked them to work iohaiy responding to a few questions.
For instance, students were asked to explain thieking/findings on why they thought
the plants had flowers and what they thought waalplpen if plants didn’t have flowers,
and what did they think was the role of the beefénvideo they saw earlier. After a few
minutes, the teacher asked them to share and distgents’ responses on anchor
charts. Later, teachers attempted to correct stadrisconceptions by asking probing
guestions such as, “What do living things do? Daytgrow? Breathe? Drink? Need
water? Do living things reproduce?” Of course het@acher’s questions were dependent
on student responses in their respective clasBesExtendphase included asking
students to use their newly acquired knowledgegtoradraw a flower and label its parts.
Second grade teachers consideredeeduatephase to be embedded in each phase and
thus reflected accomplishment in each phase.

Week Two started with plants and pollination. Tugb the phases of 5E model,
students learned about other plants, flowers, thaails (stigma, anther, ovule), and their
comparisons. This was done through watching séiemideos, hands-on experimenting
and dissecting, reading books, and searching teenkt. Teachers identified and
distinguished between different tasks scientistamtbsteps they follow (researching,
exploring, data gathering, experimenting, observamgl writing the results). Later in the
week, they repeated the inquiry prompt questiopiregess regarding pollinators.
Starting with the images of pollinators, teachesisea students to jot down what they
noticed, what they observed and what were they @ong about. Then, they showed a

video of pollinators and asked students to writenagy questions as they could in the
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next few minutes. Students shared their questiotigeir small groups. Teachers
showed students how to highlight their “how” andh¥# questions in order to generate
more questions (Coaching Notes, 07/08/2013). Nexamall groups, students
prioritized the top three questions for their grodproups shared their questions and the
teacher charted those questions for all to see.

Another activity students did during this week i@®bserve various specimen
insects in jars and fill out observation sheetstéaeher had provided. They were
instructed to pay close attention to the insecstyy size, etc. to be able to use them in
the StoryKit to talk about pollinators. Other ekpeents involved testing various
materials in class to determine which ones workest for picking up pollen type
ingredients (e.g., baking powder).

Week Three was primarily focused on putting stusidatowledge of pollination
to use by having them design a hand-pollinatioriadevStudents were also writing about
pollination in StoryKit on their iPods to explairhat would happen if pollinators were
eliminated to share and present to parents and odesmates at the end of the summer
school.

Teachers demonstrated and identified scientific@sses as they engaged in this
inquiry work. In their inquiry lessons, teacheetested an activator role for themselves.
From this role, they provided guidance by indingctbing various questioning strategies.
They provided their students with various real-w@tenarios about plants, flowers,
bees/insects, and pollinators, and supported stsigéth probing questions from the

IDDL Questions to Guide Inquiry Rubric so studertsid formulate their own solutions.
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During this process they monitored students’ pregjtewards reflecting on their learning
goals, helped them with group and teamwork dynamésponded to their questions by
probing deeper with questions, and assessed studeiheir final presentations so
students could extend their thinking and that efrtheers.
3 Grade Case Study

Of the four & grade classes offered during this ELT, two classesthe
observation criteria and were observed twice pakwé he NGSS standard they selected
was interdependent relationships in ecosystemsie Bjoecifically, they selected NGSS
standards 3LS4-4, statintake a claim about the merit of a solution to aptem
caused when the environment changes and the typésnds and animals that live there
may change,’and 3-5-ETS1-2, which say$enerate and compare multiple possible
solutions to a problem based on how well eachkedyito meet the criteria and
constraints of the problen{NGSS, June 2013). Their inquiry prompt was, “@ihspill
has multiple effects in an Ecosystem” (Field No®&02/2013), which linked closely to
the standards they wanted their students to mastez.problem/scenario teachers
created and presented to students was introdudimgnamade disaster, such as an oil
spill, and encouraging students to find solutiond be able to defend their choice. The
engaging problem scenario and the inquiry promgaiterd a platform for teachers to
introduce the science content standards.

Similar to the T grade, 3 grade teachers collaboratively planned and scitbl
three overarching concepts students were to laainglthe three weeks. The focus of

the first week was how animals adapt over timegip them survive in their habitats.



142

The second week’s focus was the introduction oba-made disaster. Finally, the third
week’s focus was on finding solutions to the prabknd presenting it by creating a
poster where steps taken to solve the oil spilblgmm were clearly identified.
Throughout the whole summer schodf,@ade teachers used and emphasized various
students engagement strategies, such as summanpoitegtaking, partner talk with face
or shoulder partners, and active listening strategicluding having students orally
paraphrase back ideas shared by other students‘(digard you say...”). In fact, their
first opening class building activity was for statiesitting across from each other to use
a Rally Robin timed pair share Paraphrase PasKpgdn cooperative learning structure
(Kagan & Kagan, 2008). In this case, the firstistut on cue would say, “Hello! My
name is and my favorite animal is .” The second student would
respond, “I heard you say

To introduce the interdependent relationships osgstems and to show how
animals adapt to changing environments, teacharwedtthe first week of the summer
school with theEngagephase of the 5E model. Teachers gave each psiudénts a set
of six images of make believe/bizarre animals asied students to sort them into two
different environments: desert and forest. This/ag was to stimulate students thinking
about categorization of animals and also to idgntiéir misconceptions. Students
participated in sorting without any direct instioat While students were discussing
where to put each animal, teachers listened arldriotes on which students’ statements

or actions revealed preconceptions and misconaeptidhis activity was followed by a
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classroom discussion on where and how each aniampVaced according to its physical
characteristic.

To move to théxplorephase, teachers offered three stations where they
displayed three sea creature specimens with usigiuetures or characteristics that have
evolved in ways that allow them to fill a certaichre in the ocean. Students in small
groups of four noted and discussed what they obsgerThen, individually students
made prediction and wrote them in their sciencenalusing the following sentence
stems:

| predict this sea creature lives

| predict this sea creature moves

| predict this sea creature eats

| predict this sea creatures protects itselfby .

Some adaptations | observe on this sea creature are (Teachers’ lesson
plans, 6/26/2013).

To give students an opportunity to demonstrate et had learned, during the
Explainphase teachers gave students a new sea creatiunadithem make predictions
based on their prior learning. They individualiyk notes in their science journal, using
the same sentence frames to record their predsctidis students shared their
predication, the teachers asked probing questmtisetrest of class such as, “What do
you think about what [student] said? “Do you agr&ésagree? Does anyone have the
same idea but a different way to explain it?” (Te&s’ lesson plans, 6/26/2013). Later,

teachers provided the whole class with a mini lessovarious adaptations of sea
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creatures based upon where they live, how they melvat they eat, and how they
protect themselves. To apply their knowledge t@w situation and to extend their
learning, for theExtendphase, teachers asked students to create anah defsstp with
specific characteristics that will survive in afo@arlar ocean environment given them by
the teacher such as the ocean surface, the twil@ig, and the deep ocean zone.
According to the teachers, the Evaluate phase maasporated and embedded the other
four phases of the 5E model.

The second week started with teachers providingppities for students to
make a small ecosystem of ocean animals and leavrahimals are interdependent on
each other (e.g., seal, squid, fish, seaweed, playtkton) (Teachers’ lesson plan,
06/26/2013). Teachers also initiated the idea‘tmathans change ecosystem.” For
students to grasp this issue, they took a walkraddbe school campus to observe and
connect with what was happening in their livingegacosystem. After the walk, with
teachers’ probing questions, students sharedahsgrvations and identified trash as a
factor affecting their school. Teachers guidedhrthe brainstorming ideas about
preventing and alleviating pollution at their scheite. During this week, students
practiced and used the questioning strategy iniphelltircumstances. For instance,
when Teacher 33 had a visitor (her own sister)isiged her class to get to know the
guest in their classroom through asking questiand,noticed their questions were
mainly closed questions requiring only one-worguogses or they were yes/no
guestions. To extend students’ thinking, she tiseghresence of her guest to guide

students towards asking more open-ended questfamsinstance, when a student asked
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the guest about her favorite color, or how oldsis, the teacher probed them by asking
how this information would help them in learningpabtheir guest or introducing her to
other students. Soon the students were askinguibst about what brought her to their
school, and how did she compare it to her workelac

On many occasions students made their observaimhshen generated their
own questions. For instance, on their walk ardiinedcampus, they took their science
journals along and noted their observations. Upeir return to the classroom, students
used their iPods to verbally record their questiodsvidually. Next, they shared their
guestions with a partner and engaged in identif{fregtype of questions as either closed
or open-ended. They also identified which questould help them answer the inquiry
prompt, which were later recorded on a class podtater, in a class discussion and
sharing session, the teachers recorded a classageth@uestion poster. This tangible
activity of exploring their own immediate environntdacilitated students’ ability to
generate questions and provided students with erettnobservable example as well as
time to gain a clear grasp of human caused envieoah pollution and possible
solutions. The teacher’s goal was to assist stsdertransfer these environmental
insights to the more abstract problem of the dil spthe ocean.

Observation notes (July 15-18, 2014) showed thaaRMdree was dedicated to
hands-on experimenting. Students in small grodipsur created a simple artificial
aguatic ecosystem with clear bucket and tap waigtlzen “polluted” it by adding
vegetable oil to it. They took time to explore thi@ions of using nylon, yarn, cotton

balls, and paper tissue to remove the oil fromatttiéicial ecosystem. During this
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activity, the & grade teachers expressed to the researcher Weidaubts as to whether
their approach of also incorporating the Enginegbesign Process from NGSS
document (2012) would work. The Engineering De$tgocess was introduced as a
series of steps engineers use to guide them astiey problems, as shown in Figure
4.4, which was posted on every third grade classraall (07/15/2013). The process
consists of five step#gskinvolves identifying the problem, and/or and betmm ideas;
Imagineincludes brainstorming possible solutioR&an comprises drawing diagrams
and/or making lists of materials needed for thetsah; Createinvolves following the
plan and testing it; anlenproveinvolves talking about what worked and what did no

work.

Figure 4.4. The Engineering Design Process
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By going through the process of cleaning up tbein micro oil spill, students
imagined, predicted outcomes and then tried saistthat involved using the materials
provided. They drew up a plan, made a list ofrttagerials they needed, and then
followed and tested the plan. After each trialdsints discussed what worked and what
did not work in their groups and then tried oth@usons. The Teacher 32’s listened in
on their discussion aBeam Redliscussed the life situation for ocean animalsdaeith
oil spills. Their worry was, “How do these animpl®tect themselves from getting
covered in oil? How do they find any food? Carytheve away to another place?”
Teacher 32 continued listening to this team andeetbd the team through questioning
to focus on finding the best solution to the oill§®bservation notes 07/11/2013).
Finally, the students realized that as long a®this there, it affects everything else they
are talking about. Therefore, they agreed thewagtand the first step would be to
clean the oil from the water.

Originally, teachers thought that students wenegsjiing and were having a hard
time learning the Engineering Design Process @alscommunication to observer
7/15/2013). However, when students made the cdionsdrom this process and the
real-world problems they were working on (namehgit experimental aquatic
ecosystem at first, and later on thinking aboutréoent oil spill disaster), teachers felt
the process had made their students stronger arelsuocessful (Observation notes,
07/15/2013). Teachers noticed how students hademted what they were learning

about problem-solving to their oil spill projectdatput their heads together like
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engineers” and tried to solve the problem by figdine best solutions (Teacher 32
reflections with observer07/17/2013).
Common Strategies and Methods to Promote Inquiry Awss Grade Levels

Similar to the three case studies, we observedshge of the 5SE model and
implementation of the inquiry prompt also in theélérgarten and™and %' grade. For
instance, in the®grade classrooms they focused on energy and ctedpbeojects
related to energy poverty. Th¥ drade teachers led their students through simple
experimentation of electricity and helped themneabout various ways that electricity
could be produced. Teachers demonstrated andfiddrgcientific processes while
exploring the nature of electricity. Teachers jded their students with various real-
world scenarios about energy poverty and peopteed of electricity, and moved to the
side to provide students with only as much helpeseded in formulating their own
solutions.

There was only one"5grade class participating in the inquiry scienceser
school program. This class tackled the 5-ESS&4the@nd human activity standard.
This standard specifie©dbtain and combine information about ways individua
communities use science ideas to protect the Eardsources and environmé@GSS,
n.d.). The inquiry focus for this particuld? §rade was: “The United States is running
out of resources.” After exploring earth resouraed what was renewable and what was
nonrenewable, their focus came to investigating &i\ik polluting the water and causing

the fish to die?” (Teachers’ Collaboration note&08/2013).
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The NGSS standard kindergarten teachers selectedkyeS1-1, stating® Use
observations to describe patterns of what plants ammals (including humans)
need to survivé and K-ESS3-1, which say&Jse a model to represent the
relationship between the needs of different plants animals (including humans) and
the places they liVE§NGSS, n.d.). Their inquiry prompt was, “Animaigants vs.
needs” (Teachers’ Collaborative notes, 07/01/2013)e problem/scenario the teachers
created and presented to their students was: “Z&geks are doing research about animal
habitats so they can take better care of their alsimWe have been selected as junior
zookeepers to recreate the habitats so that theg@a better job making sure that all the
animals get their needs” (Teachers’ Collaboratiotes, 06/28/2013).

In addition, teachers from across all grade lefaadgitated the collaborative
small-group problem solving activities. The obs#ians documented that the problems
students were trying to solve in their summer sthlasses were open-ended and
intentionally vague, providing students with oppaities to engage in deep inquiry: ask
guestions, explore, learn new information, and fimelr own solutions. Here we report
on three common themes that further address tleanmds questions: (1) The ways
teachers stimulate inquiry and enable studentemnemgte their own questions; (2) The
Ways students perceive they were engaged in geamgraiestions and (3) The ways the
IDDL Inquiry Prompt process and 5E Model supporésce inquiry.

Theme 1: The Ways Teachers Stimulated Inquiry and BEabled Students to
Generate Their Own Questions.The week prior to the start of the summer school

teachers received one week of professional devedapteaching them how to engage in
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problem-based inquiry and generate questions.h®past-PD survey teachers indicated
that they now recognized the benefits of inquirgl gnestioning. In regard to inquiry,
teachers overwhelmingly described its potentiafienfor students. One teacher said,
“I have been challenged to turn my teacher-centpradtices into more student centered
teaching. Additionally, | have been provided witlany instructional tools to make it
happen.” Another teacher commented,

The benefits of the PD allowed me to think abouaiithe students will

need to be successful in the process of inquirg pldnned from the

student's perspective and worked to make surestigaything that we did

directed the learning back to the students...Thisenals (the teachers)

facilitators of learning and the students to becomoee engaged and also

take more ownership in what they are learning aowd they are learning

it.

Two specifically mentioned, “I have a better un¢inging of how to help students learn
through problem based inquiry” and “I know how bigrial problem-based inquiry is for
students. | am trying to shape my lessons sosthidents can "solve" a problem that
includes many different lessons rather than teacblated standards.”

Additionally after their week of professional déyament all teachers reported on
the survey that they now recognized how importawass to teach students to generate
their own questions. For example, one teacher Saietinforced the fact that teachers
need to use questioning to help students get eepat level of understanding” Another
wrote, “I am beginning to get a good grasp of thebmg questioning that will help kids

with their learning. | can see how they benebinirexploring the answers to their

guestions instead of the teachers”. A third teaedded,
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The PD supported my understanding of the ways tFaakse questioning

by giving me insight into the ways that other teaashhave used

guestioning to ignite their classes in the explorabf new topics. | also

learned that questions need to be planned andhhoug so that teachers

are ready to direct the learning in the directibthe learning target.

Ultimately, it comes down to teachers knowing wiiat students should

learn (the standards) so that he or she can badkian to ensure that the

guestions that are asked direct the students'itepimthe right direction.

Another teacher summarized the perspective of saging, "I'm used to asking all the
guestions, but the PD demonstrated the shift of th@wstudent should be doing the
guestioning. Through asking questions, it allowslents to take ownership of questions
and spark exploration that will further help themternalize the concepts.”

The observation data support that all teacherarbdge ELT with an inquiry
prompt to engage and stimulate student inquiry. egythird grade prompt was that “an
oil spill has multiple effects on an ecosystemAs shown in the case descriptions,
teachers in the lower primary grades guided quesiioas a whole class process. In
contrast teachers in th€ 45" grade classes used small groups to have studemésaje
and record their questions on a poster/paperhdrnawer primary classes, teachers
guided students to think about how to change s&tésrinto questions using an “I
wonder strategy” and by explicit modeling of quess themselves. In the upper grades
students in their small groups read their questasrtschanged any statements into
guestions. Students then identified if their quest were closed or open-ended. Later,
as a group (and %' grades), students selected a question to explatehcapsulated
the group’s interest and reflected an open-endeblgm. The group then started to work

on finding solutions to their question. In gra#e8, teachers assisted students to

identify their questions through guided instructiorhis included taking them through
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the KWL process, leading them along the steps éoegating their own questions. In
addition, teachers helped students understandffieeetice between closed and open-
ended questions (e.g., “Why do grasshoppers hap&’higher order question that
involved problem solving, “What can farmers do é&ves their crops from a swarm of
grasshoppers?”).

In the focus group interview, Teacher 15 mentiothed seeing students using the
guestioning strategy and producing good questibifted her perception of students as
individuals with their own real thoughts and nahply empty vessels needing to be filled
by teachers. In the same manner, Teacher 24ts#tigvhen she was directing the
students back to their questions “student rolesgbd from absorbing sponge to the one
who could decide if the acquired information waswagh or not or where/how they
should use it.” Teacher 12 shared that wheti grader asked, “What happens if the
gueen bee dies?” she realized the amount of leamd the change in her students’
guestions. Teacher 43 said, “The power of turioiver that exploration piece to them
instead of me ... is more of a developed thing. Theengally thinking... really using
skills that they have.”

Theme 2: The Ways Students Perceive They Were Engad)Generating
Questions. Over the three weeks that the students were iwed, there was a shift in
their perceptions about questions, who was askiegjtestions, and what was the
purpose of questions.

Initial perceptions. The focus group interviews revealed that masdestts

across all grade levels believed their teacherg Wer smartest people in their classes
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and that was why teachers were asking a lot oftguressand knew answers to all of the
students’ inquiries. “They know a lot about anpjeat, and they can always answer
your questions”. Therefore, if a student had amgstjons, teachers were the people to
ask questions of and get the right answer. They atsociated asking questions with
being smart. For instance during the focus grotgrview when asked, “Is asking your
own guestions important?” a first grader respontigel, because if you ask a lot of
guestions then you get smarter.” A Second gradeaother third grader both said
“asking questions makes you smarter.” This astioci®f asking questions and
smartness is an important insight by students anfirms the literature regarding the use
of questions by teachers to elicit a correct respaather than stimulate inquiry and
wondering (Mehan, 1979; Sinclair & Coulthard, 1992nother third graders added that
it was ok for students to ask questions when tleegat understand something.
However, those questions were supposed to be atkkd teacher because “sometimes
we get the answer wrong and if you say it to tlaeher, she might say that it is correct or
it is wrong.” Although observations across thessks showed that teachers were
engaging students in generating their own questibiese perceptions, which surfaced
during the first week, are not surprising givert tine teachers during the year primarily
follow a didactic instructional format and the IRUiestioning approach.

Evolving perceptions. By the end of third week, students began voidiifigrent
perceptions. At the beginning of the summer sessuhen they were asked who asks
the most questions in their class, they all sdieittteacher”. As the days passed with

the implementation of the inquiry process, anddimphasis and the guidance of the
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teachers that students needed to be the ones aglésgons, students began to change
their responses. By the second week when they agied who is asking the most
guestions in your class, they all said “other sisle

For some students it was clear that they were bégirto equate questioning
with learning. For instance a Kindergarten studlenihe second focus group said, “It is
ok to ask question, so you can learn.” They ald@ed that asking questions led to other
guestions, and those questions led to more qussti@nother kindergartener added,
“When someone is asking a question, | think abloat ¢uestion, and then other questions
come to my mind too.” A% grader said that asking questions “makes you smart
because you might get it right and learn it.”

Students reported that asking more questions nthagsan learn more. A%
grader shared, “Asking questions seems like aweineyour head. What do you know,
and what else do you want to know. If you do ne#sjion, you will forget what was
important to you then.” Anothef®grader continued with, “If you don't ask a questio
then it might get out of your head.” This insighiows how she made connection with
her own learning. Fourth and §rade students both said during the focus groatp th
“asking your own questions help you learn.” Intéregy, for some upper grade students,
learning was equated with good grades. Thus,wexg secretly hoping that by asking
more questions, they could learn better, and @eti@r grade. Later they realized that
there were no grades involved. Thus these studsditsated that coming up with their

own questions helped them learn because they thougte about the subject. A'1
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grader explained that hearing a question aboutraatie her wonder about the features of
the ants that could make them able to climb thestre

Students of all grades agreed that “asking questiogans you are smarter,” and
asking your own questions helps you learn becaosege thinking about the topic or
the subject. In the last round of interviews wéedaan interesting shift in students’
thinking regarding “who” has knowledge to suppe#drhing. As students became more
comfortable with the trend of the summer schoolnehibey were repeatedly given
opportunities to generate their own questions, theptioned that they would like to ask
other students questions because they think thejeaan from other students. For
instance, ad grade student mentioned that writing her own dqoesthowed her what
she does not know, and by working with other stislenher group she could tell who
knew about it and could ask that student. Moshefstudents (grades K, 1, 4, and 5)
mentioned that asking questions makes you thirtk.ifstance, a'Sgrader said that
asking your own questions is important becauselgaun the topic. She added: “science
is hard and asking your own questions in the sei@hss helps you think more about it
and helps you learn.”

Another interesting shift observed was in the typieguestions students asked.
Table 4.3 presents the questions surfaced by stétem charts of questions in the
room or from student journals. The questions siiadents generated at the beginning in
our study illustrate their initial search for faatkknowledge (recall). Gradually their
guestions, whether generated individually, in smgedlups, or posed by the teacher, were

replaced by the search for conceptual knowledgejrasome cases replaced with
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metacognitive, thought probing questions. An exangpthe ¥ grade students’
experience with generating questions. At the bagm Teacher 15 said students were
waiting for her to tell them what they needed town When she put on the lab coat and
posed as a scientist and started “thinking aloBet¢iter & Bird, 1985) to convey what
she was doing and what she was thinking, the stadegre giggling while watching her.
Questions from students were not very forthcom{@ggervation notes, 07/02/2013).
During the next activity when students were obseywnsects preserved in jars, Teacher
15 wanted them to come up with their questionsctvishe wrote on a poster board.
Students’ questions were: “What is it?” or “Whatttley eat?” Sometimes student

responses were not even framed as questions; &on@e, “Snakes have long tongues.”
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Table 4.3. Types of Student Generated QuestionsBas the IDDL Questions to Guide

Inquiry Rubric

Depth of Knowledge

Examples of Type of Questions

Recall

What is its function?

Is it real or artificial?
What is its significance?
What is its value?

Skill

What would happen if?
Does it always happen like this?
What patterns do you see?

Strategic Thinking

How can I find out about that?

How does it work?

How does it happen?

What affects it?

What is the evidence?

What does it affect?

What assumptions underlie the evidence?
What makes the data/facts accurate?

What do others think about what  said? Do
you agree/disagree?

Does anyone have the same idea but a different
way to explain it?

Can you think of a counter example?

Extended Thinking about

Content

How can this knowledge be used to solve other
problems?

How else might we explain what happened?
How do you support your position?

Can you convince the rest of us your conclusion
makes sense?

What would happen if...?

What if not?

How does this relate?

Metacognition

What strategies did you use?

How did you think about the task?

How did you figure that out?

What might you do differently the next time?
How did you reach that conclusion?

What have you learned that helped you to solve
this?

What is it?

Why does it have spiky legs?

Do insects have antenna?

Where do they live?

What do they eat?

Who are the predators?

How ocean animals protect themselves?

Where does electricity get its energy?

Are phosphates killing the fish?

How do hummingbirds get nectar and give it to their
babies?

How do they move?

How do insects use their antenna?

How can the earth go around the sun?

How can crab and sea worms live next to volcano?
How can animals survive when there are predatansnar
them?

Why are animals becoming extinct?

| wonder how do animals get their water?

| wonder where do animals get their food?

Why do animals need to eat food?

Why do ladybugs have a lot of spots?

How can they put pollen inside the stigma?

Why are some animals getting sick?

How can animals survive in the wild?

Why do insects pollinate?

How does the energy flow?

How do hummingbirds get nectar and give it to their
babies?

How atoms are in everything?

How can we make a pollinator as effective as bees?
How can we best clean up the oil spill?

Why aren’t people helping and stopping pollution?
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As the students continued their investigationherext two weeks, their
guestions evolved from factual recall to reflectrenstrategic and critical thinking
guestions. Chin and Brown (2002) explored studgemerated questions and showed
how those questions were a meaningful facet imlegrscience. The same phenomenon
was observed in this study. Teacher 12 admittatisite was baffled when a student
asked about whether or not bees eat their honder #lling the student and his group
that she did not know the answer, she noticed hewroup went through all the books
in the class and asked to go to the school librasgarch of finding a response to that
guestion. She said she had these students fartible year and had never seen them so
excited to read the insects books and/or go tdithery. She reported: “they could not
put the books down”. Later, students came to hdrtald her that “yes, bees do eat their
own honey.” Teacher 12, commented to the obseharstudents could find their
answers in the books and outside the teacherstbasa questions that the teacher didn't
know the answer.

Theme 3: The Ways the Inquiry Prompt Process and 5B odel Support
Science Inquiry. As shown in the case vignettes, teachers implerddBteL including
the 5E lesson model in a fairly consistent waydlgimut the three weeks of summer
school. The IDDL process helped teachers uncdudests’ prior knowledge and
interests through the inquiry prompt process. ihleiry prompt served tengage
students. In the first week of the ELT, teachéaygd a more direct role in the inquiry
process. Teachers were observed using probindigneso guide students’ thinking and

exploration of the topic. For example, they asgadstions such as “What do you think
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about what [student] said? “Do you agree? Dis&yrBees anyone have the same idea
but a different way to explain it?” They were la¢ tbeginning stage of the Inquiry
Continuum (Figure 4.2). Their probing questiorsybver unlike what is typically
observed in classrooms (Parker & Hurry, 2007), sitbteachers were asking higher
order questions, not just factual recall of infotima. This shift in level of questioning
was essential for moving students to deeper urataistg as reflected in the
Rigor/Relevance Framework (Daggett, 2005).

As students and teachers enteredgkglorephase of their inquiry, student were
observed becoming more engaged in asking the gusestnd teachers were observed to
settle in their role as a guide on the side owvatr of learning. This observed shift was
supported by the student interview data where siigdgated that they had started to ask
more questions. The observation data indicateidt@m across classrooms in how
actively students were engaged explicitly in thegjioning process in thHexploreand
Explainphases. As shown in the case studies, the tesad@atedly engaged
Kindergarten, first and second graders as a wha$s ¢n generating their own questions
throughout the three weeks as they probed, modafetiused a variety of instructional
tools such as Venn diagrams, thinking frames, amhee journals, to scaffold the
learning toward the final week’s problem-solvingiéty. Teachers at these levels used
the KWL charts repeatedly each week as the studsiplered a new dimension of their
inquiry. In contrast, in the 3'5grade classes, the teachers began the first week b
engaging students in the inquiry prompt, but trecpss was not repeated. In weeks two

and three the students spent more time in smalipgnmork exploring solutions to the
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problem such as building their ecosystem and exaiil pollution, or exploring
different forms of renewable energy. By the enthefthird week through a variety of
instructional strategies, teachers had studentss@il grades posing their own questions
as they conducted their inquiries (Observation 16 15-18/2013).

In theExtendphase, across the observed classes, studentspazded in the small
investigation aspect of the Inquiry Continuum, éeachers moved further into the guide
role (e.g., ®*—designing a hand pollinator®3-deciding the best method for cleaning
up an oil spill; #—finding alternatives to relieve energy poverty).

Figure 4.5 summarizes the data collected from elsens and interviews and
illustrates the relationship of the 5E model, shided teacher roles during different
phases of the model and the different levels otials that emerged as the model was
implemented. The figure is important in showingttteacher and student roles changed
as they engaged in inquiry. The final row in Figdr5 illustrates the changing nature
and depth of questions that students began tosagles worked through each phase of
the 5E Model. Also, through analysis of multipteisces, the type of questions students
generated appeared to be the result of the fugisix dactors occurring in the classrooms
either simultaneously or sequentially. These facteere: 5SE model, Inquiry Continuum,

The Rigor/Relevance Framework, Bloom’s Taxonomagchers’ role, and students’ role.
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Figure 4.5. 5E, Continuum of Inquiry, and the Rig@levance Framework

As students began generating their own questibes, thinking became more
explicit and it shifted teachers’ opinions abowdrthas learners. Many teachers agreed
that they noticed that students “started thinkiotsmle the box,” and showed “a sense of
direction” in which they were not relying only dmetteacher to provide them with the
information and knowledge, rather they were readphink above and beyond and work
on their own learning. This finding is in agreemetth Ogle (2009) who said involving
students in their learning gives them a purpose.

Viewing teachers’ inquiry adoption through the Rigrelevance Framework lens,

it is clear that teachers stimulated students tkwbthe Quadrant D level (i.e., they
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understood the relevant applications for the s@eamntent covered in the summer
school). Daggett (2005) emphasized the importahtee right assessment that can help
students to achieve the desired level of rigorr@helance. Teachers in this study
developed various assessments for students’ kngeladquisition evaluation (i.e., pre-
post assessment, journal entries and reflectionsijtoring, and observing, final products
etc.).

Students increased understanding of scienceA review of each grade levels’
mirrored pre and post student science assessnesealed an overall shift in their
knowledge of the science vocabulary and concepte first grade assessment included
choosing one of four insects (spider, ladybug, bed,caterpillar) that they knew
something about and to write if that insect fekteatened, how does it protect itself.
Most of the first grade responses in the pre ass&ssselected bee and wrote its means
of protecting itself was to sting others. In tlwspassessments ladybugs and the spider
were the insects selected most indicating an isereatheir knowledge of a variety of
insects and their defense mechanisms. Anothetiqonem the first grade assessment
asked students to write about how an ant useady parts after looking at an image of
an ant with six body parts labeled. In the preeassient most of the writing was about
how the ant can use its legs to walk, eyes to sderauth to eat. However, in the post
assessment the level of writing and the knowledgsgnted showed a change as students
wrote about how an ant uses its thorax, antenna@ldomen in addition to writing

about the eyes, legs and the mouth. Across thiegiiade classes it was clear that they
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had learned to use the scientific terms and unaedsinore about the role of each body
part.

Fourth graders demonstrated their knowledge gaimenwhey both drew and
wrote about the renewable energy from the sun, @imimoving water. In their pre
assessment the drawings and writing were simplie asieve need the sun to get energy.
But, the drawing and writing in the post-assessrobahged showing that they now
understood the connection between each of thesevedate energy sources and the
production of energy for use by humans. They waoig drew pictures about solar
systems, windmills and turbines driven by waterpoared how each could help to create
energy.

When 8" grade students were asked to compare which metheeshing a car,
on the lawn or in the driveway would conserve meater, students’ responses overall
showed increased sophistication of language pé#atigwising more scientific terms,
such as environment, pollution, runoff, litter, aambsystem.

Discussion

The purpose of this study was to explore how stisgdeecome increasingly
engaged in their learning as teachers in one el@meschool implemented problem-
based inquiry during a science-focused extendediteatime (ELT). Students’
engagement was evident as they generated theiti@ueand worked in small groups
towards finding solutions or responses to thosetiues. In order to provide a better
picture of what was revealed from this study, tlsewksion section is divided into three

segments: (1) the connections we observed betweendslel and the Rigor/Relevance
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Framework; (2) the types of questions studentschsked (3) scaffolding used by
teachers.
5E model and the Rigor/Relevance Framework

Students who were taught and encouraged to gertbeateown questions, collect
data and find answers to those questions demoedttiadt they were engaged in the
scientific process. Students actively participatedreating new knowledge and
augmenting their previous knowledge. Similar tanB2004), Chin and Brown (2002),
and Schmidt (1983), we found questions raised Iyesits activated their prior
knowledge and helped them to construct new knovdedg addition students’ questions
were a starting point for their thinking and foodiskeir learning efforts (Ogle, 2009).
Because students’ questions were directly relatedhiat they were interested in knowing
and learning about and assisted them in understgmaiw scientific concepts while
satisfying their curiosity, the questions also gesachers a better grasp of students’
understanding of the science content (Chin, 20@%;sK1998). In addition to
encouraging students to generate their own questieachers also used the schoolyard
to promote exploration and make abstract scienneeqs more concrete and relevant to
students’ lives. As McCombs (1996) has arguedjesits from all ages who see the
usefulness of their learning and its impact on hespecially in their local community,
are more motivated to learn. Similarly, Pintrictdé&Schunk (1996) have shown when
students can see the connection between what teeylearning at school and their daily

lives, their learning gets deeper. In this stutlg,example of the®grade students
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observing “trash pollution” in their own schoolyarthde the oil spill problem relevant
and real to them.

Students identified the summer school as a placrevtney could explore their
guestions that helped them to understand the seiemucepts. Data illustrate knowledge
construction was the results of three types ofauiton: (a) individual students
generating their own questions; (b) students ppetiog in small groups where they
codified and expanded knowledge through posingteures discussions, and joint
explorations and presentations (Chin, Brown, & Br#002); and (c) teachers
scaffolding the learning path for them while sugimgy them with their probing
guestions.

The Types of Questions Asked by Students

Research shows that because teachers are askingf@d@oequestions in the
classroom (Dillon, 1988; Gall, 1984), students@émeral do not know how to ask thought
provoking questions (Hunkins, 1976), and are nobaraged to generate questions
(Parker & Hurry, 2007). Researchers such as Gt6Z), Chin and Brown (2002),

Dillon (1988), Hudson-Ross (1989), and Hunkins @95upport that students need to be
taught to generate questions. Interestingly, rebgarovides evidence that teaching
students to ask questions can be done in a shaoodps time (Davey & McBride, 1986).
This study adds to the limited literature that teag elementary students to generate
their own questions helps them to engage in their learning (Roschelle, Pea, &
Chapman, 1996). Learning the skill of asking goestwas possible even during a short

ELT summer session.



166

As shown in Table 4.3, originally, the majorityaiestions raised by students in
all grades were factual, simple, and exploratonyature. These types of questions are
appropriate and to be expected when students greriieg the study of a new topic.
However, if students are to learn and apply whey tire learning, as will be required by
CCSS and NGSS, they cannot stay at this level ipisally found in most classrooms
(Gall, 1970; Kirby, 1992; Parker & Hurry, 2007)edchers categorized students’
guestions into two types: simple and deeper questid@he observational data showed
and teachers agreed that students started witHesifaptual questions at the beginning
that arose from their curiosity and basic needuitdldbackground knowledge. For
instance, “What do ants eat?” or “How do ants mdwe?What is the habitat of a fox?”
As teachers practiced the 5E instructional mod#i Wieir students on a daily basis to
engage them in meaningful ways, many opportunéiese for both teachers and
students to ask questions. During these pract@ticularly during th&xploreand
Explain phases, teachers supported students’ learningkiygaprobing questions. Later,
and especially under the guided instruction byhees; students began to change
statements into questions when teachers urgedtihesk “| wonder” questions, such as,
“I wonder where animals get their food,” or “I wardvhy some animals are getting
sick.” Soon, the type of the questions studeritedseflected deeper levels of
knowledge and understanding of the environment aschwhy are animals becoming

extinct,” or “Why aren’t people helping and stopgipollution?”
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Scaffolding of Students’ Learning

As the data showed, students initially were retice ask questions, perceiving
that as the teacher’s role. Similarly teachethii;m school were also taking on a new role
in learning how to encourage student-generatedtignss Hill and Hannafin (2001)
distinguished between four types of scaffolds thathers can use especially when
undertaking new ways of teaching: conceptual (Inglgitudents understand ideas and
theories), metacognitive (helping students mortheir own learning process),
procedural (helping students build their own teeka required steps), and strategic
(helping students find different problem-solvingasegies). All four of these scaffolds
were observed in this study and appear to havbtéded the teachers’ enabling students
to engage in questioning.

Drawing on data from theé®grade illustrates the scaffolding process and the
benefits for students. During the engineering pss¢the teachers scaffolded the work
for their students by focusing students’ sub-qoestiaround a main question to help
them see whole/part connections and become moneaifaystems. This scaffolding
seemed to enhance students’ understanding inwage First, it assisted students in
learning about different content areas and makomnections between them. Second, by
breaking down a multi-part question into varioushangeable pieces, the students were
able to investigate the question in its parts &edask became more manageable. Third,
through taking the role of asking probing, highetey questions the teacher was
activating student thinking and exploration rattieem giving them answers (Fullan,

2013).
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The importance of scaffolding is supported by Vgigts theory of the Zone of
Proximal Development (ZPD). Vygotsky defines ZPD'the distance between the
actual developmental level as determined by indégetnproblem solving and the level
of potential development as determined throughlpratsolving under adult guidance, or
in collaboration with more capable peers” (19788p). The classrooms’ problem-based
inquiry environment situated students in this studgheir ZPD where the zone was
defined and created for them by presenting therh @htllenging problems that they
could not solve on their own, but were able to clatepin the interaction with other
teammates in their small groups and with the teagheé learning resources provided.
Teachers monitored, probed, and in some casebtdiad the collaborative problem
solving activities in groups, and through the dif& types of scaffolding, they helped
students to perform at a higher level than theyccwithout facilitation. Teachers also
reported significant gains in their students’ knedde and learning about the science
topics they were exploring. Summer school andifipalty problem-based inquiry
classrooms taught students to be inquisitive akel it@tiative, to search for various ways
to approach a problem, locate resources, use iafitom and be prepared. From their
small group participation, students also learned tmnegotiate group dynamics and
work together to produce a solution to a problérhus, significant implications from
this study are that through generating their owmestjons and participating in teamwork,
students had the opportunity to work more effetyivi@ be accountable for their own
learning, and realized that they learned bettenftioe real-world issues that they could

identify with (Chin & Chia, 2004). For example, @the focus for theBgrade classes
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shifted from oil spill to trash at their schoolesit whole new meaning arose for students
about environmental pollution.

Another important facet of scaffolding was that lieel of inquiry
implementation and activities at each grade lewarevdifferent based on three criteria:
teacher/material guidance, students’ independemzkskill involved/developed.
Teachers seemed to use various types of inquinyitees as instructional strategies to
advance through the Inquiry Continuum (Figure 4 Ryst grade teachers, for instance,
used inquiry to start their summer classes by niogi@hvestigatory process and using
“thinking-aloud” protocol in their demonstrationgVith these demonstrations, teachers
elicited preconceptions and helped their studeasilabout the inquiry process. Later,
when they had students involved in inquiry lesspmlbserving and investigating, they
continued with their probing questions to enhanogeustanding, expand explanations,
and engaged students in wonderment and predictiemghermore, teachers used the 5E
model to plan lessons that matched with the Ing@optinuum and the Rigor/Relevance
Framework, both of which illustrated the progresditat students and teachers needed to
move through to get to deeper and more complex waskTable 4.3 and Figure 4.5
show, the nature of the questions students expldradged, so did the depth of the
guestions as well as the roles of teachers ansttitents. These findings are comparable
to Wenning's (2005) proposal of a continuum of figeels of inquiry on the basis of
intellectual sophistication and the locus of contibhese five levels change as the level
of inquiry changes from minimum inquiry to the hegh level of inquiry. As one moves

away from minimum inquiry and approaches the higle! of inquiry, the locus of
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control shifts from teacher to student. Both couméi suggest that teacher and student
roles can shift in the learning process and thangture of the work that students engage
in can also change in terms of level of difficultyltimately, to engage in real world
problem solving, the student must progress to thstrsophisticated level of questioning
and maximum responsibility for his/her own learning
Summary

This study examined the third year of an ELT thnesek summer school program
that took place in the same school for three ye@te ELT offered teachers the
opportunity to explore the implementation of prablbased inquiry in a relaxed setting
without the burden of high-stakes testing. Teackere open to shifting their teaching
to a student-centered approach and were commdtbdvte students use higher-order
thinking skills. Teachers changed their roleshiirt classrooms (Grant & Hill, 2006;
King, 1993; Weimer, 2002) and transferred somdeirtresponsibilities to their students
when they encouraged them to generate their owstigus and find responses to those
guestions in collaboration with their teammatebe ELT also let teachers consolidate
their understanding of a new approach to teachmigdegvelop a collaborative
relationship with their grade level colleagues ahthe same time encouraged their
students in teamwork to support students’ engagemdmowledge construction through
small-scale investigations.

This study adds to the limited literature on th@amance of shifting from
teachers asking all the questions to students géngruestions as a process to deepen

learning and enhance the retention of informat©hif & Brown, 2002; Ogle, 2009).
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Also, it shows that under the appropriate circumsts, students learn how to ask and
respond to higher order questions (Garcia & Pears@®0). This shift is critical if
students are to be successful in mastering the Gd8%he NGSS Standards. Using the
Rigor/Relevance Framework, the study also contebbiy theoretically exploring how
knowledge is created, mobilized, and codified witbiassrooms that are engaged in
active inquiry learning. This study agrees witk\pous research (Davey & McBride,
1986) that teaching students to ask questions eawobe in a short period of time, and
teaching elementary students to generate theirquestions helps them to engage in
their own learning.

From this study we can draw four insights. Finstying students generate
guestions is a tool that can easily be used byheradn implementing problem-based
inquiry, and, at the same time can give studesenae of ownership. Thus, student-
generated questions are useful in both teachindeamding of inquiry-based units.
Second, the inquiry prompt questioning processthadE learning cycle instructional
model combined were powerful processes for guitioilp teachers and students in
engaging in problem-based inquiry units that wéignad to NGSS. Third, both teachers
and students found the summer school inquiry agbré@be an exciting way of teaching
and learning science because they felt it prombtehl greater engagement and deeper
learning of science. Fourth, the ultimate berafthe ELT summer school program was
for the students to recognize the vital role ofi@gkjuestions in promoting their own

learning.
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In this study, when students were encouraged tergemtheir own questions,
they were actively involved in shaping effectivelgmoductive learning for themselves,
which in turn validated teachers’ hard collaborativork in providing them with the
problem-based inquiry environment, curriculum, asdessment that were tied to the
CCSS and NGSS. Teachers strove to create a rigaradirelevant education for their
students in this case and Daggett pinpoints thisa&ibn as a “product of effective
learning, which takes place when standards, cuumeuinstruction, and assessment
interrelate and reinforce each other” (2005, p. 1).

When students are engaged in the learning promsdsachievement takes

place, and their chances to excel at what theypd®ase. Often, all that

is required is a change in the attitude and thkngiess to reconstruct
education so that it prepares students for lifeg@edt, 2005, p. 2).

Future Research

This study raises several avenues for future reeed@ne area for further study is
to understand if teachers are able to implemersetij@estioning strategies into other
aspects of their teaching during the regular scleat with more traditional approaches
to textbook teaching. It would be valuable to knwhat are the supports and constraints
at the school level for these teachers to contihednquiry Prompt process during the
year, and to follow students during the school yeaee if both teachers and students
continue the process of students generating quisstio

Another area for research would be conduct an @xpetal study to better
understand the cognitive impact on students legrbyncomparing student outcomes in
classes where students are taught to generateothieiquestions with classes where they

do not engage in these practices. Do studentsenthst standards as well? Are they
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more or less engaged in learning if they pursuaiimes linked to standards as opposed
to more didactic teaching of the standards? Fughety is also needed to know how
much professional development is needed for teadbezffectively and consistently
make this shift in having students generate th&im questions. It would also be
important to know how to help teachers foster metacognitive questions that both
they and students might pose.

Chapter 4, in part is currently being preparedsfdsmission for publication of the
material. Nariman, Nahid; Chrispeels, Janet; andvida, Vanessa. The dissertation author

was the primary investigator and author of thisenat.

Endnotes

Turnaround model selected by this school requineddistrict to select a new administrator who imtu
replaced over 2/3 of the former classroom teacldrseachers in the district could apply for art] a

including current teachers at the school, werewwdgved for these positions



CHAPTER FIVE: CONCLUSION

This chapter summarizes the results and findindbisfstudy. Later, these
findings will provide a roadmap to propose implioas and suggestions for areas of
future studies. The chapter begins with a sumrohtiye problem and the conceptual
frameworks, a review of methods, and a summarg@findings. Conclusions drawn
from the results are discussed in relation to iteedture review and implications for
policy and practice as well as identifying the aréa future research are described.
Finally, the chapter finishes with concluding reksar

Overview of the Problem

With the adoption of new curriculum content Comn@ore State Standards
(CCSS) and the Next Generation Science Standal@S8) in the United States, one
critical issue that needs to be studied is theuntibnal strategies that are being used to
help students master these new standards andseatemts 2% century skills. Recent
research testifies to resurfacing problem-basediipanstruction in various grade levels.
Although the benefits of creating an inquiry enaimeent, particularly in science classes
have long been recounted (NRC, 1996), the reseshi@iving its usage at the elementary
level is scarce. Earlier studies have shown hawlpm-based learning environments
have improved student research skills (Gulteki®3}0and are effective in developing
students higher order thinking (Horan, LavaronB&don, 1996 Shepherd, 1998;
Wolff, 2002). Less research has been conductadentifying the challenges and
benefits of implementing problem-based inquiry lengentary science lessons
(Crawford, 2000; Etherington, 2011; Osborne & Fexgh 1983; Tandogan & Orhan,

2007).
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The primary purpose of this study was to examimeriplementation of
problem-based inquiry science lessons during aerieded Learning Time (ELT) summer
school. This study of a single elementary scheptesents a unique case that has used
the Turnaroundrequirement to offer an ELT program in order tketateps toward
implementing a problem-based inquiry approachwmaild support teachers to shift to
more student-centered classrooms. This study wrducted over the last two summers
of a three year ELT. In the second year of the EdsTpart of a research team, |
investigated challenges faced by teachers as wétleabenefits perceived by both
teachers and students when the teachers implemgrdislém-based inquiry in an ELT
summer school session. In the third year of tloggam, | researched how teachers
engaged students in generating their own questind$ow they used the 5E lesson
model to engage students in problem-based learraga and participants’ reflections
were obtained using semi-structured interviewsathers, focus group interviews of
both teachers and select students, and observéfieidenotes from the classrooms and
teachers collaborative meetings. A key concerntowvamderstand where the challenges
were and what steps were needed in order to eashifh to a student-centered
classroom for both students and teachers. A sew@jor issue was the impact on
student’s engagement with science when they weightanow to generate their own
guestions.

Research Questions
The research questions that guided this study as@hwere:
1. What challenges do teachers face in shifting fraaaher-centered didactic

approach to student-centered teacher facilitatachieg?
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2. What are the benefits of shifting from a teachea giudent-centered
approach?
Phase Il research questions were:
3. How do teachers stimulate inquiry and enable stisd®engenerate their own
guestions?
4. In what ways do student perceive they were engaggdnerating their own
guestions?
5. In what ways do the IDDL Inquiry Prompt Process #ralincorporation of
the 5E model support student science inquiry?
Conceptual Framework
Two interrelated concepts—distributed cognitiod anonstructionism—framed
this research and created a foundation upon whigimpnary research questions were
placed. Constructionism that is multidisciplinamynature drew its influence from
philosophy, psychology, and sociology (Kang et2007). Constructionism claims
that learners actively construct meaning and thétyeof their world in and through
social interaction with each other and with theckes in an ongoing and dynamic
process (Berger & Luckman, 1967; Jonassen, Pecki|s®W 1999; Kafia & Resnick,
1996; Spodark, 2005; Wheatley, 2007). This mehatsknowledge is built and not
supplied, and the construction of knowledge happbess when individuals are
engaged in building something together that isrealeand shared.
Distributed cognition recognizes the social intéians and setting in which
knowledge is shared (Hutchins, 1995a, 1995b). ribigied cognition systematically

explores how cognitive activities are distributedoss groups through social
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interaction, time, and artifacts. Distributed ciigm provides a lens to understand the
organization of cognitive systems from the outsigebeginning with the social and
material setting of cognitive activity, so thattocue, context, and history can be linked
with the core concepts of cognition” (Hutchins, @0f. 10). According to Hutchins
(2000) cognition is about information processing gpassing”— the process of
information being passed between individuals atithats to accomplish a task or goal.
When a real world problem is of concern informati®processed and passed between
and among individuals and the instruments (arsfgict the variety of feedback loops
used to ensure safe steerage. A distributed videaming can shed light on the
critical role that artifacts play in the constroctiof knowledge.

Further, the Rigor/Reference Framework was uséelio me understand whether
teachers were changing the quality and natureedf iistruction to be more rigorous.
This framework examines curriculum, instructiond @ssessment based on two
dimensions of higher standards and student achienenit is based on two continual
(Bloom’s knowledge taxonomy, and the applicatiordeiprepresented by a four-
guadrant model (see Figure 4.1). Daggett (20088Rargues that the educational
system in the United States has not kept up welctranging nature of work,
enhancement of technology and the competitive jalkat despite educators’ efforts.
He also suggests that this framework can servebasige between the community and
the school to demonstrate to parents, community baisiness leaders how students are
developing 21 Century skills and learning how to learn. In thisdy, the above
framework served as a tool for analyzing the obs@tessons that teachers engaged

students in during the summer session.
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Review of Methods

This study used a single exploratory case studigdd€€reswell, 2008; Yin,

2003). It focused on one single school serving G\@$r students who were predominately
socioeconomically disadvantaged and English learn€his school was engaged in a
three-year Turnaround process and adopted an Eeddrehrning Time (ELT) summer
session as part of its reform strategy. Therefmsangle case study design using multiple
data collection methods seemed most appropriate. data collection method for this
study consisted of two phases. In both phasestitatare and qualitative data were
collected from multiple sources. In phase | (Yeaf ELT, summer 2012) quantitative
data included students’ pre and post teamwork sur@ualitative data for this phase
included: semi-structured interviews with 18 teash&eacher lesson plans, classroom
observation notes from thre® and three 8 grade classrooms, and student work samples
of formative assessments and final produ@tse analysis of the data from Phase | surfaced
patterns of student-teacher engagement that rhisier questions. | shared the data from
Phase | with the faculty and Turnaround Coordinattrich were then used in planning the
third year of the ELT. This sharing of data andssaguent redesign of the summer school
program created a rich opportunity for me to carginesearching the summer school
program.

Phase Il Year 3 of ELT, summer 2018pnsisted of collecting both qualitative and
quantitative data, such asemacher survey, student focus group interviewsheafocus
group interviews, students’ artifacts, teacher iiekdsson plans and collaboration and
team planning minutes, classroom observation natescoaching notes.

For both studies qualitative and quantitative aetee used to triangulate the
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findings and to explore emerging themes and caiegjor greater depth. Identification
and connection of the themes was investigated ¢firaucontinuous comparative
analysis. In addition, the theoretical lensesistridhuted cognition, constructionism and
the Rigor and Relevance Framework provided insigtitsthe challenges of teachers
rethinking their instructional role and were usedtructure an understanding of the shift
from teacher to student-centered classroom envieotum
Summary of Findings

Phase | summary

The first set of findings from this study were ldsa the Phase | dafdear 2 of
ELT, summer 2012). Five major challenges weretifled: time, technology, students’
lack of experience with teamwork, students’ laclexperience with inquiry learning, and
the challenge of shifting to a student-centerechieg approach.

1. Time. Time emerged as a major barrier to inquiry learningll the
interviews. Teachers mentioned three componenimefthat they had challenges with:
time to collaboratively plan their inquiry unitémie to develop curriculum, especially
finding resources and researching what they wetedach; and time needed for students
to fully engage in inquiry.

2. Technology.With technology and its use, three issues emer§ast,
teachers expressed a concern that they didn'tthevechnology research tools at the
English language levels of the students (they sstgdehat the tools were too advanced).
Therefore, they were concerned about finding apatg kid-friendly Internet sites that
provided information in an “easy-and simple” formi@t English language learners to

understand. For teachers, it was important thet gtudents find information and to be
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able to distinguish between “good” and “bad” infatmon. Second, there were several
teachers who did not incorporate technology dubeo individual discomfort with
technology. They would refer to their own lackkabwledge in using technology as
impeding their abilities to direct and guide tha&tindents. Lastly, although teachers of all
grade levels used the teacher laptop and the dodwamera to present videos and
PowerPoint presentations to the whole class, gfatvtime teachers claimed they had
no access or restricted access to iPods and ieditiais was challenging for them.

3. Students’ lack of experience with teamwork.Teachers were introduced to
Kagan cooperative learning structures as a wayild btudent-learning teams (1994).
Nevertheless, the review of the data showed tlaahters attested to teamwork being a
challenge. Classroom observations confirmed thehiers’ perceptions that for
students it was not easy to feel and be part et It took them a while to realize
that their traditional learning and teaching enwiment had changed for the summer
school. Students did not know how to behave iir teams and needed constant
direction and reminders from their teachers as gt@sted to work together to find
solutions for their science problems. Many teasladso felt that students were not
prepared to respond to ‘how’ and ‘why’ questiofi®achers from all the grade levels
itemized various ways students struggled with gaework. Classroom observation
also corroborated this struggle. An insight frdrage observations also suggests that
the instructional tasks given to the students didrequire all students to contribute.
There was a lack of both rigor and complexity ia Bearning tasks that is needed for

effective cooperative learning (Cohen, 1994).
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Although teachers described how hard it was forsthdents to become an active
part of a team, later on they realized how constra¢eamwork turned out to be.
Students’ surveys on teamwork also identified tespite all the struggles students
encountered adjusting with their teams and teamwbwkas their teamwork at the end
that they valued the most.

4. Students’ lack of experience with inquiry learing. Implementing an
inquiry-learning environment was challenging faadkers and at the same time it created
numerous challenges for students. Students whgiftaeh accustomed to didactic
instruction started the summer school expectingettspoon fed by teachers.” Teachers
tried to break that habit by implementing inquinya their lessons. Several teachers
agreed that it was hard for them to teach studemtsto “listen,” “come up with their
own questions,” and “stay engaged.”

A related issue was teachers’ perceptions thdesiis could not express their
thoughts in writing or orally. Teachers attributeds expressive weakness to students’
lack of experience in being in charge of their dearning and in developing their own
qguestions. The post summer school interviews atddtthat teachers were beginning
to understand that the traditional modes of tearthey used during the year created
passive learners. Classroom observations, howalser confirmed that teachers
continued to use “fill in the blank” instructionapproaches that required little
investigation, thinking or writing. Students atsanfirmed that writing was a
challenge. In the pre-survey when students wekedaan open-ended question about
what they expected to be the hardest thing abotkimgin teams, interestingly the

item with the highest number of responses was iigit
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5. The challenge of shifting to student-centerec&rning. The habitual use of
didactic instruction put a strain on teachers iiftisig to a student-centered inquiry
approach. The barriers that emerged includedkadbexperience with inquiry teaching
and the unwillingness of letting go and allowingdsnts to work more independently
and collaboratively. Teachers’ lack of experientt inquiry served as a major barrier.
Using inquiry was regarded as “a change in mindsatparadigm shift.” Teachers felt
that a lot of schools were in the same situatiorr@lteachers used didactic instruction as
required by federal and state mandates. Theredaigshing to inquiry required a major
shift in thinking for both the teacher and studerevertheless, teachers agreed that
stepping away from the routines of their previousy/svof teaching was important. Their
summer experience showed them that students wereengaged in the inquiry
environment and learned more. One teacher sumedkitias, “I do think any time the
kids can be engaged and excited about their ownife they pick it up faster, take
more, remember more, and retain it.”

Another major issue coming from the data was hawd lit was for teachers to let
go and give students permission to explore andhelio tesearch. Teachers mentioned it
was not easy to control themselves and that inguay not in their “comfort zone.”
Though hard and difficult to let go, teachers tietause they saw its benefits.

After sharing these findings with school admirastrs and teachers, several
changes were implemented for the 2013 summer sslegslon. For example, the time
issue was addressed for 2013 summer session kipgt@arlier in planning the units that
would be taught. Teachers selected the standadisraated problem scenarios with

their grade level teams before the summer schagram. More materials and resources
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were ordered for each grade level. In additioflydallaborative planning time of an
additional hour was built into the schedule. Alsevas decided that teachers would
retain the same students for the next summer sd@ssion whenever possible.

Furthermore, another insight from Phase | reseaashthe need to increase
student engagement. Thus, the planned professlenalopment for the 2013 summer
school focused on teaching a process that encalicageenabled students to develop
their own questions. The explicit instruction megtioning was found to be a vital first
step in helping teachers shift to a more studenteczed classroom. In return, it identified
and validated the importance of the invaluable iripam the participating teachers in
improving the summer school through planned adjastm
Phase Il summary

The second set of findings from this study was dasePhase Il data (Year 3 of
ELT, summer 2013). There were three overarchiegds observed in the second set of
data: (1) The ways teachers stimulated inquiryemabled students to generate their own
guestions; (2) The Ways students perceived theg eregaged generating questions and
(3) The ways the IDDL Inquiry Prompt process and\B&tlel supported science inquiry.

1. The ways teachers stimulated inquiry and enabdestudents to generate
their own questions. To stimulate inquiry, teachers started summer alowah a
collaboratively developed standards-based scieniteTieachers collaborated with their
grade level team and wrote an inquiry prompt asdwdised their inquiry implementation
plan. This, coupled with the training they receidedling the week-long professional
development time on how to teach students to gengreestions and incorporate the 5E

instructional model in their instruction, paved tbbad for smoother implementation of
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problem-based inquiry in their classrooms. Thitumm, shifted their perceptions of their
students as individuals with their own real thosghteachers noticed their students’ role
of passive learner shifted to an active participanieir learning who could discuss their
point of view with their peers and decide how te tlseir acquired information.

2. The ways students perceive they were engagechgrating questions.
Interviews with students revealed that their ihiparception was that smart people ask a
lot of questions. Since their teachers were aséilal of questions and could always
answer any questions, students considered theineesto be the smartest people in their
classes. As teachers went through implementirgestaf teaching students how to
generate their own questions, distinguish betwberopen and closed ended questions,
and at the same time gave students plenty of oyppitigs to practice creating their
guestions, students realized that the more questimy asked, the more involved they
were in their classes and the more they learngdth®second week when students were
asked who was asking the most questions in thessobom, they all said other students.
For some students it was clear that they equatestigming with intelligence as well as
learning. By the end of the third week, studefitaliogrades agreed that asking questions
meant they were smarter, and asking their own gueshelped them learn.

Furthermore, a shift in thinking regarding who kaswledge to support learning was
also revealed in the last round of interviews. Hhist revealed itself when students who
had repeatedly been given the opportunity to geadn@ir own questions posed their
guestions to other students, thinking that theydalso learn from them as well as from

the teacher.
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3. The ways the IDDL Inquiry Prompt process and 5E Mol supported
science inquiry. Teachers used the 5E instructional model (engagiore, explain,
extend, and evaluate) consistently throughouthhesetweeks of summer school (Bybee
et al., 2006; Karplus & Theire, 1969). As teacheosked through each phase of 5E, it
helped them identify students’ prior knowledge angdported students to make sense of
what they were learning. While implementing the@tases, teachers reported and they
were observed playing a more direct role at thenmagg of the summer school due to
their previous habitual way of teaching. Howewthe teachers engaged students in
generating questions and implementing their 5Eolessthey provided students with
probing higher order questions, opportunities fadents to ask questions and to explore
their interests. This shift in the level of quesing and exploration was essential for
moving students to deeper levels of understandngféected in the Rigor/Relevance
Framework (Daggett, 2005). As students and teaam@ered th&xplorephase of their
project, students became more engaged in askimghigvel questions and teachers took
on the role of facilitator and activator where tligyded student learning. This observed
shift was supported by the student interview déiy reported they were now asking
more questions. The observation data also revealeation across classrooms in how
actively students were engaged explicitly in thesiioning process in thiexploreand
Explainphases. In thExtendphase, across the observed classes, studentsyzaetil in
the small investigation aspect of the Inquiry Coatim, and teachers moved further into
the guide role (e.g.,"2—designing a hand pollinator'®3-deciding the best method for
cleaning up an oil spill; 2—finding alternatives to relieve energy povertjhe

Evaluatephase took place throughout the cycle as weluaisig students’ final
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demonstration of their mastery.
Conclusions

Six major conclusions were drawn from this stuéyst, in agreement with
Vratulis, Clarke, Hoban, and Erickson (2011), thallenges that teachers faced in
implementing a new instructional model did nottledm take full advantage of a new
instructional approach. In this study, teacheveaked that they still had a fear of
“letting go.” This finding is similar to Thomas’2Q00) argument that teachers need to
find balance between student control and teach&radn a project-based learning
environment. It appears, as Grant and Hill (2006 King (1993) discussed teachers
need to accept their shifting role in their classns from the “sage on the stage,” to
facilitator and activator on the sidelines. Thigtan role is needed to give students
greater responsibility for their own learning. FEeachers to shift their role and transfer
more responsibility to students, they need time @nadtice in implementing problem-
based inquiry—a challenge surfaced in Phase lisfstindy. To solve this issue as it was
demonstrated in Phase Il, planning for the summieoa earlier during the year gave
teachers another chance to construct new knowleddeeir practice and their shifting
roles (Grant, 2002).

A second conclusion drawn from this study was teéam collaboration proved to
be beneficial for both teachers and students. *h@sults demonstrated that despite
students’ struggle with teamwork and inquiry, bg #8nd of the summer school session
they learned some science, and ways to collabaratgarticipate in teamwork. This is
in agreement with Roschelle et al.’s findings (208Gout the benefits of inquiry and

teamwork. In Phase | teachers also had an opptyrtorengage in joint planning.
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These collaborative practices for both studentstaadhers were continued in Phase II.
The results showed that students continued to dpvbkir teamwork skills. Teachers
also, through collaboration, developed their knalgkeand comfort with the problem-
based inquiry implementation. These findings illatd the importance of collaborative
learning and group work practices for teacherssaindents, as they are equally required
to accept the shift in their roles to engage inuinglearning.

Third, related to Ravitz’s conclusion that even wiwachers show enthusiasm for
implementing a teaching approach after professidaatlopment, they might not find it
easy to implement (2003). Phase | of this stuggaiked that teachers did not find
implementation of problem-based inquiry easy dedpéting very interested in bringing it
to their classrooms. However, based on the insiiglatrned from the findings of that
phase, the planned professional development fasd’hanade it possible to provide
specific guidance and support to teachers. Foamag, the focus of the professional
development in Year 3 ELT was on training teacherssing an inquiry prompt to assist
students to generate their own questions and agiEictional model, which was in
direct response to what was needed to help teaahdrstudents to ease into an inquiry
approach.

Fourth, similar to previous studies on valuingistut-generated questions (Chin,
2006; Parker & Hurry, 2007), this study also fouhat students were motivated to learn
when they had the opportunity to generate their quastions related to the NGSS
standards selected by the teachers. Within tmgegbthey pursued their interests and
curiosity while at the same time understanding iregluscientific concepts. Student

guestions also gave teachers a better grasp arggidinderstanding of the science
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content (Chin, 2002; Keys, 1998). Chin and Bro@0Q2) explored student-generated
guestions and showed how those questions were aimgéa facet in learning science.
This study, as data revealed, also presented hoergng questions helped students to
develop more interest in learning science.

Fifth, by collecting data over two consecutive suenischool sessions, it was
possible to grasp the implementation trajectorinqtiiry as teachers collaboratively
learned how to design, implement and teach prolidased inquiry to their students.
This study showed how critical professional deveiept, time for repeated practice and
a non-high stakes testing environment was for te@cto change instructional practices.

Finally, artifacts particularly technology, playadritical role in this study.
Although technology was heavily implemented at f#ukool site and the expectation
from the administration was to see it being uskeele were some factors that led to it not
being used appropriately. Teachers’ lack of comiath using and incorporating
technology in their classes/lessons, and theiicdities in identifying the appropriate kid
friendly websites for their students were majoiltions in exploring the advantages of
technology as a learning and research tool.

Implications

The overarching problem that | sought to addressutih this study was the
implementation of problem-based inquiry in elemensxience lessons. With the
enactment of Next Generation Science Standards §JGiSs an excellent opportunity
for teachers to bring science back into elemergahpols through implementing an

inquiry-based science program where students @irebcinvolved in their learning.
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The findings of this study have implications fotute practice, policy, and theory. The
following section presents a discussion of thegdications.

Implications for Practice. This study has five implications for teacher
professional development (PD) and pre-service @ducaReform at all levels led by the
NGSS focuses on deep learning, which can be fastareugh empowered and
facilitated knowledge co-construction by studemtd teachers. An inquiry-based,
student-centered classroom supports knowledgei@neatd learning for all students. As
this study exemplified, using a student-centerqat@gch such as problem-based inquiry
gave students access to NGSS standards and artuopfyoto learn basic science
concepts in an engaging way. Based on the daee #re several initial steps districts
and schools can take in shifting to a student-cedtapproach. First and most urgently,
there is a need to acknowledge that the didaetaser-led modes of instruction and the
heavy emphasis on language arts and mathematiesphavided limited opportunities
for teachers to engage students in inquiry or iernse (Hattie, 2009). The new Common
Core and NGSS standards cannot be successfullgmapited if students are not actively
engaged in constructing knowledge with teacherstlagid peers. District and school
leaders need to plan for success. Teachers istthdy indicated the importance of this
approach in their responses to interview questidmsre they identified student-centered
learning the best way for students to learn.

Second, this study shows the power of teachealoothtion in developing
NGSS aligned inquiry units. However, it is alsearl that teachers must be given more
time and space to do this work. One possible mwiub the time conundrum would be

to have teachers work in collaboration to adaptiptesly developed units that now
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need to be aligned to the new standards. Engagitings process a few times is likely
to greatly facilitate teachers’ ability to creatats from scratch.

Third, the involvement of school administratorsygld a crucial role in this study.
The report of the Phase | results provided the@ddeaders and administrators an
opportunity to bring theory and practice closeretibgr by incorporating subsequent
changes in the structure of the Year 3 of summense program 2013. Prior to Phase Il
of the study, teachers realized that their concerere not only considered by the school
administrators, but also had set actions into mmottbere the challenges they
encountered and the benefits they observed had tineeschool administrators a
roadmap for planning for the next summer schoothwhose obvious changes in place,
teachers knew that their voices were not only hdartlalso that school administrators
were aware of the challenges they faced withiretiidy implementation period. As itis
clear, school administrators and leaders need tovodved and supportive of needed
changes in their school site.

The fourth important issue was the realization thate was a need to invest in
suitable and appropriate PD that scaffolds prinséeps in early phases of
implementation. The new standards such as CCS8I@%$5, and the pedagogical
approaches they require, suggest that teacherstcammtinue to do business as usual. It
is essential that pre-service programs and PD sigiakd in ways that mirror the way
teachers are to lead their classrooms. Realiziagctiange goes through normal stages
and takes time, it was imperative to introduce keawledge in steps and in ways that
teachers can adapt and build upon. When teachdreducators learned how to scaffold

their initial steps, they could create scaffoldingjiatives that better allowed for the
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necessary time to enact change. In this studgyé Ishown how introducing the Inquiry
Prompt Process and 5E provided the necessary ktinffdeachers needed to take their
work to a new level of sophistication and studergagement. The voices of both
students and teachers in this study added to thequs research in this field by
clarifying the kinds of support both needed to gsstully implement problem-based
inquiry. These supports included more knowledge skills about how to work as
teams, the importance of posing a full range oktjaas by both teachers and students,
the importance of having adequate and the rigliumegs and artifacts for authentic and
relevant investigations.

Finally, teacher preparation programs and profesdidevelopment must
engage teachers in exploring their role and retah to students (Barell, 2010;
Ertmer & Simons, 2006). How can teachers be guidedflect and reframe their
perspective from the “sage on the stage” (King,3)98 a facilitator and activator of
learning (Fullan, 2013; Hattie, 2009)? An importhrst step is for teachers to examine
their own questioning strategies and to shift frasking primarily factual and
inferential questions, as is now typical, to askingbing and higher order questions
such as how, why, analysis, strategic, and refleduestions.

Implications for Policy. This study also offers several policy implicagon
particularly for policy makers interested in effagtlarge-scale improvements in the
construction and development of'2entury skills and competencies in students.
Previous studies have identified the crucial rdléhe 2F' century skills for success and
survival in the global marketplace (Darling-Hammp2d10, Dede, 2009, Fullan, 2013,

P21, 2009). Students in this study mentioned heasnling to generate their own
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guestions helped them to be smarter and learnrpatié working with other students in
small groups helped them value teamwork, collalbmmaand problem solving processes.
An implication for district policy is establishiragsessment policies that include both
student individual and team exhibitions, which destoate mastery in collaboration,
cooperation, and problem solving as well as knogéeid a critical content standard as a
requirement for moving to the next grade level.

Districts are in charge of not only interpreting biso implementing new
standards such as NGSS, which in turn influencddanes its reform practices. This
study is timely in that it highlights challengeadgers face such as time for planning and
professional development needs that districts, kvare in the process of developing
implementation strategies for CCSS and NGSS catous@ke informed decisions.
Findings from this study suggest two major areasudher elaboration by districts.

First, is the need for elementary teachers to dgvitleir science content knowledge if
they are to be able to design effective problenetasits aligned to NGSS standards.
Districts can support this knowledge developmenti@ating opportunities for high
school science teachers to mentor and adopt geadeteams as they develop their
science units. Second, district leaders need taigeqrofessional development at the
district and school levels that helps teacherged@nology not just as another textbook,
but as an integrative tool for creating and stokngwledge as students interact with
their environment and real world problems. A quitknce at the way technology has
expanded and has affected the learning habitdafyte students as well as a glance at
school and district regulations controlling thegesaf technology at school sites has

made it highly likely that deficiencies alreadysin how to integrate technology in
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classrooms. Incorporating and integrating techagyla everyday lessons must be
implemented quickly in order to be able to raisglenhts who are capable and able to
compete at international benchmarked standardsgl$sudent-centered instruction
should be accompanied with the integration df @dntury technological tools in order to
create mechanisms in the school/district that ghigictices with a changing educational
environment.

A third implication for policy from this study i$i¢ need for sustained and
coherent professional development. Too oftenidtstchange the PD focus each year
with inadequate time for teachers to explore, leand then practice new skills to ensure
they reached mastery. The findings of this stwlgaled that when PD is aligned with
teachers’ needs, the result is positive changesimuctional practices and approaches to
learning.

Also, the findings of this study showed how studemére involved in learning of
science through generating their own questionsendtithe same time learning about
cooperation and collaboration with other studestthay solved problems. Teachers
offered support by providing probing questions swkraging some of their power in the
classrooms to their students. Such small chanmdd tead to big impact on student
motivation to learn and their desire to achievée Ehift to student-centered classroom
required a change in teachers’ practices and dassmanagement. These paradigms
shifts cannot happen unless school boards andctistiministrators support teacher
evaluation policies and student assessments thatisage opportunities for risk-taking

and reward innovative practices in which schootsdmonstrating student mastery in a
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variety of ways. A first step would be to espdgiahcourage a variety of ways students
could show mastery of content standards in sciandesocial studies.

A final policy implication is to explore the possities of offering summer school
where the focus of instruction can be narrowecterse, for instance, to provide
teachers with an opportunity to put their learnlatssinto practice in a more relaxed
environment. In this study, teachers, by returreagh summer, showed their readiness
and desire to shift their practice from teachertemd to student-centered learning given
the opportunity to learn and practice these shllhe summer. Also, students identified
that they learned from their teacher and fellovdetus during the course of the summer
school session. In addition, the support of theetadministrators to provide resources,
listen to teacher perspectives, and modify eachnsen's program based on teacher
feedback helped to make the summer program a sicée administrators realized that
teachers needed time and resources to be abl@larexhe implementation of problem-
based inquiry more deeply. Thus, administratiygosut came in the form of providing
staff with professional development, including peadlaboration time and extra
resources.

Implications for Theory. The findings from this study identified several
implications for theory. Current and future edocatwould benefit from a deeper
understanding of the theoretical constructs of tansonism and distributed cognition.
Fully understanding the social nature of learncanbined with the practical
knowledge of how to build strong student teams #natable to tackle complex, messy
problems (Cohen, 1994; Kagan, 1994, Slavin, 1998)la/greatly facilitate the

implementation of problem-based inquiry (Burke, @inceview). Knowledge of
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distributed cognition would enable teachers tokhimough how artifacts and students’
interaction with artifacts are central to learninghe concept of artifacts is especially
important as teachers learn how to more effectivelgrate technology not as another
“textbook” but as a social learning tool that alkstudents to become knowledge
builders and not just consumers (Edelson et a@9;1Scardamalia, Bereiter, McLean,
Swallow, & Woodruff, 1989).

With the opportunity of providing the school adnstnator with a Year 2
Extended Learning Time report after the summer0df2 this study moved into a
design-based research format. It became extrectedy during this study that research
and practice need to move hand-in-hand, partigulanien it comes to taking initiative in
implementing new standards and policies as this@dtempted. The design-based
research and practice created an environment sif between me (the researcher) and
teachers (the participants). | was welcomed ingir ttlassrooms, as my presence was not
considered as a threat, but rather an observecthidd give them voice in my reports.
Design-based research offers doctoral studentseareh approach that can both support
research as well as help schools and districtsaagppractices through a feedback loop
as was implemented in this study.

Additionally, the prospect of the research, for mas to be able to view the
classroom observations, interviews, and documéantsigh the lenses of either
constructionism and/or distributed cognition. Hsahrough these lenses that | could
identify the critical role of social interaction amgst students, students and teachers, and
students and their artifacts. Through continuassussions with teachers | was able to

show to them how the learning environment was abeoation of their relationships with
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their students and students work in their smalugsowith other students and/or artifacts.
Their role as a teacher was to be supportive afestulearning and to facilitate more
learning through probing questions and extendeappities for group discussions.
Support for student learning came from teachersstjans moving from initial/recall
guestions to more conceptual ones, and througRith@/Relevance Framework where
classroom instructions and curriculum moved froradrant A to quadrants B and D.

Another key to success for all students was guithiegn through the phases and
steps of the IDDL inquiry Prompt Process towara@slieg them to be in charge of their
learning. Learning to satisfy their curiosity thgh inquiry-based instruction that
identifies with mastery-based learning is considehe major components of today
practices.

Limitations

This study was conducted in an elementary schmosbuthwestern United States.
No sampling was done in this study; rather allghdicipating teachers were
interviewed. Due to the nature of a single casdystthe findings and conclusions are
not generalizable to other settings. Furthermdre summer school program is different
from the regular school environment. Findings rhaydistinctive to this unique
relatively small case.

Nevertheless, through the theoretical lens ofibisted cognition, findings from
the study about the importance of artifacts indbestruction of new knowledge are
applicable to other settings. Similarly the untlmding of the constructionism as an

approach to learning that supports inquiry is adédevant beyond this particular study.
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Areas for Further Research

This study is among the first to examine the immatation of NGSS. It
demonstrates how problem-based inquiry and ap@atepprofessional development
based on teacher input can prepare teachers talembahifting instructional practices
to be more student-centered. We can make thisstam®ger by expanding the study to
include other schools offering similar or differéppes of summer school programs to
understand the effects on both teachers and stid&fdre research is needed to
investigate how problem-based inquiry could suppoglementation of NGSS.

Since this study was unfolded in an ELT during msier school, a question
remains as to how this implementation will unfolgridg regular school instruction.
More research is needed to follow these teacharstnlents during the regular school
year to observe whether they continue the procestidents generating questions, or
whether they fall to traditional patterns when tbachers again base their instruction on
textbooks and didactic teaching.

Also, this study contributed to the literaturecamstructionism and distributed
cognition. Further research would benefit thegeties by conducting similar research
in an area with a different student populationcliBa study might provide additional
insights on what supports or constrains the imptaaten of problem-based inquiry in
different settings. Furthermore, a longitudinaldst on the same issue would add to the
body of knowledge on problem-based inquiry in anedntary setting. It would also be
interesting to learn how the structures for knowkedonstruction shape or change in a

student-centered inquiry environment. Such a stalyld provide policy makers,
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districts, and schools with recommendations on pesttices for fostering student-
centered inquiry classrooms.
Concluding Remarks

Presently, education in the United States haswertieced the dilemma of dealing
with a minimal operating budget while at the sameetevaluating students’ achievement
with higher accountability standards. The adoptdb@€CSS and NGSS has amplified the
rigor of subject matters for all students and Imasgased the demand for student-centered
approaches for the classrooms. As the educatstaatlards have changed in the United
States, educators are expected to learn theseatswfstandards. The CCSS and the
NGSS standards that have been adopted are moreuggthan previous standards, and
are encouraging administrators and teachers aiketk together towards finding
effective ways of ensuring mastery that engagegesiis more actively in learning and
increases their preparedness for college and carderbe able to do this, teachers must
be open to shifting to student-centered classrammisadopting new roles as facilitators
and activators for learning. As teachers becomeerskilled in constructing and sharing
knowledge, they will become better in their newesohnd more competent in solving

problems of practice.



Appendix A

Interview questions for teachers
Summer 2012

Introduction: Thank you very much for agreeing teahand talk with me about your
experience of the summer school and implementinglpm-based inquiry. Your insights
will help us to know what were the benefits andlieimges in implementing problem-
based inquiry unit.

1. What was the main reason for your participatiothmextended summer science
school (from now on, | will refer to this as sumnsehool)?

2. You did a unit on food chain and food web. What weesmost exciting part of

teaching this unit?

What was challenginfpr youin implementing this unit?

What was challenginfpr the studentg doing this unit?

What do you think the students learned from thegiiry unit? In terms of:

a. Science content
b. Scientific processes
i. Observing
ii. Note-taking
iii. Problem-solving or carrying out an investigation
iv. Ability to explain what was happening
v. Coming up with the solutions for problems
vi. Developing their presentations/final projects
c. Do you want to share a memory?

If you were doing this unit again, what changes Mgwu make, if any?

7. A key part of problem-based inquiry is teamworhoticed that you used
heterogeneous groups. Have you used small groupamming teams during the
regular school year?

a. Tell us what was the strength of the teamwork dytire summer?
b. What did students learn being a member of a team?

c. What were some of the challenges?

d. How will you change the teams?

8. We observed you integrating technology in yoursldsring summer school, tell us
how did that supported student learning?

a. Were there any parts of technology more helpfuh tie others?
b. What were the challenges to incorporate technology?

9. What did you learn being part of a teaching teanrself?

10. How do you evaluate your own knowledge of science?

11. How do you evaluate your team members’ knowledgecwince?

12. Any “Aha” moments for you? Any regrets?

13. In moving towards the implementation of Inquiry tsnwhat was the most helpful in
the inquiry training you attended?

v W

o
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a. Working with the same grade level teachers?
b. Being able to start a unit of Inquiry and work ¢ i
c. Developing assessments
14. What was the strength of the inquiry training?
e Training
e Planning
e Implementation

15. What were the weaknesses of inquiry training?

16. How do you suggest changing the inquiry trainim@ny changes are needed?

17.How do you evaluate the effectiveness of the exddrsimmer science school?

18. Please tell me about yourself

19. Please tell me about yourself

a. What is your position?
b. How long have you been in this position?
c. How long have you been in the district?

20. NCLB and Hutton Mufflin have required us to useedirinstruction as the primary
instructional approach. Problem-based inquiry aslguide students to do more
investigations. Tell us about the instructionahtgies that you use to help students
explore and investigate?



Appendix B

Classroom Observation Protocol

Summer 2012
Teacher: Date:
Grade: Observer:

Number of students in class and gender
# of students: # of boys: # of girls:

Description of the classroom (Use the back of thgepto draw):

Purpose of the lesson:

Intended outcome:

Checking for prior understanding:

Material used:

201



Whole-Class Observation

Directions: take notes on the whole class acti@itgl the interaction.

Note taking

Note making
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Appendix C

Student Pre-Post Teamwork Survey

Summer 2012

. When I am in a team, | do my best on my part ofvioek.
a. Always
b. Most of the time
c. Sometimes
d. Never
. When | am in a team, | ask for help if we need it.
a. Always
b. Most of the time
c. Sometimes
d. Never
. When I am in a team, | turn in my work on or beftive due date.
a. Always
b. Most of the time
c. Sometimes
d. Never
. When I am in a team, | do my fair share.
a. Always
b. Most of the time
c. Sometimes
d. Never
. When | am in a team, | help my team to gather mfmron and useful ideas to
complete our work.
a. Always
b. Most of the time
c. Sometimes
d. Never
. When I am in a team, | help my team to solve pnoisle
a. Always
b. Most of the time
c. Sometimes
d. Never
. When | am in a team, | help my team to stay on.task
a. Always
b. Most of the time
c. Sometimes
d. Never
. When I am in a team, | listen to other membersisdeith respect.
a. Always

203
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b. Most of the time
c. Sometimes
d. Never
9. When one of my teammates is upset | try to findvaioy.
a. Always
b. Most of the time
c. Sometimes
d. Never
10.When I don't know something, | ask questions.
a. Always
b. Most of the time
c. Sometimes
d. Never
11.When | am in a team, | follow team rules (team agrents).
a. Always
b. Most of the time
c. Sometimes
d. Never
12.The best thing about working in a team is...

13.When | work in a team, the hardest thing for me is.

Gender Grade Level



Appendix D
Summer 2013

Karwan'’s IDDL Questions to Guide Inquiry Rubric (€ in Karwan & Nariman, 2014).

TYFES OF DECLARATIVE PROCEDURAL KNOWLEDGE CONCEPTUAL KNOWLEDGE
KNOWLEDGE KNOWLEDGE
TYPES OF Questions that get to Questions that Support Skills Necessary Questions that Support THOUGHT
QUESTIONS “Just the Facts" to Grasping Concapts PROBING Queastions
Questions thal Suppor Dlscourse
DEFTH of Recall Skill Strategic Thinking Extended Thinking about Metacognition
KNOWLEDGE Level1 Leval 2 Lewval 3 Contant [Extended Thinking about
Level 4 Own Learning &
* Facls * Classify *  Justify Thinking)
+ Definitions * Pradict * Explain = Apply
* Detals * interpret * Investigate = Analyze
* Who, what, where, when * Show + Differentiate * Prove
= Amange * Make observations * Hypothesize * Critique
* Calculate * Retrieve informatien * Cite Evidence * Synthesize
* Nlustrate « Compare/Contrast « Complex Thinking : g::;?:
* Ideniify * Determing * Abstract Thinking « Desl,
+ Cause and Effect «  Assess an
Identify Patterns * Compare
PROBING What is It7 ‘What would happen If? How can | find out about it? How can this k ladge be ‘What gies did you
TEACHER & What does it do? How might It change How does it work? used lo solve other usa?
STUDENT What [s its function? owver time? How does It happen? problems? How did you think about
QUESTION Iz it real or antificial? ‘What are the expected What affects t? What are the future risks, the task?
EXAMPLES Is it typical? results? What does it affect? benefits or consequences? How did you figure that
What s its significance/? Does It always happen What s the evidence? What other questions can be | out?
What [s its Impartance? like this? What assumptions underlie | asked? ‘What might you do
‘What is Its value? How would you model the evidence? How else might we explain differently the next time?
or draw to show that? What makes the datalfacts what happened? Why do you think that?
What patterns do you accurate? How do you support your How did you reach that
saa? What do others think about position? conclusion?
Can you predict what what sald? Do you Can you convince the rest of | How could you prove
will happen nesxt? agree/disagrea? us your conclusion makes that?
Deoes anyone have the same | sensa? ‘What have we learned
idaa but a different way to What would happen if...7 that helped you to solve
explain it? What If not? this...?
Can you think of a counter How does this relate? Have you ever
example? experlenced this before?
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Appendix E

Classroom Observation Protocol

Summer 2013

Purpose:

Learning Goals/Intended Learning Outcor
Type of Lesson:

Student Centered Group Wc

Engage and Activation Phe-Connection to Prior Knowledge/Preconceptions
Misconceptions:

L student Prior Knowledge/Preconcepti

U student Misconceptions challenged by tea

) student Generated Questi—Inquiry Prompt

Explore:

L student Prior Knowledge/Preconcepti

L student Misconceptions challenged by tea
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) student Generated Questi—Inquiry Prompt

[ ]
[ ]
[ ]
Teacher Generated Questic

(canbe all three phases in 30 minutes, most likely sékt an iteration of both Explore ¢
Explain)

e Engage
(0}
(0}
(0}
o Explore
(0}
(0}
(0}
(0}
o Explain
(0}
(0}
(0}
Check all stages used during the 5e lesson

= Engage
O Explore
O Explain
U Extend

Clevaluate

Materials used (TO ENGAGE STUINTS):
TECHNOLOGY:

VIDEOS:

REALIA



Appendix F

Student Focus Group Questions
Summer 2013

1. What have you been studying in your class? Whsdmsething exciting
(interesting) you learned this week?

2. When | am studying something new, | usually have & questions. What
guestions do you have about ?

3. Did you have a chance to ask a question this week?
a. Do you remember what you asked?
4. Has your teacher been teaching you anything alskinngquestions?
a. What did you learn about questioning?
5. Who asks the most questions in your class, yowhtgaor other students?
6. What is going on in your head or what are youkimg about when (other
student name/teacher) is asking a question?
7. When you don’t understand something, is it okaggk questions in class? Who
do you ask? (your teacher? your classmates?)
Metacognition:

1. Do you think that asking your own questions is imgiot?
0 Why do you think it's important? Why not?

2. What kinds of questions help you learn? (Can yoe gie an example?)
3. How does asking your own questions help you leg#ai®nce and/or learn more)

208



Appendix G

TeachersFocus group Question
Summer 2013

4. What was successful in implementing problem-basgqdiry this summer?

5. Over the past three years, how has problem-basgitynshifted your thinking?

6. How has problem-based inquiry shifted your studehisking?

Key Questions:

7. This summer a major focus of PD was engaging stsderasking/generating
guestions.

o How do you think this focus went?

0 What sort of scaffolding did you use to help studen generating
guestions?

o How did getting students asking questions affectr yostruction?

o How did getting students asking questions affeeir tbwnership/
engagement in science learning?

o How did getting students to ask questions affegir ttesearch and
investigation skills?

o How did students reflect on their questions?

o How did student reflections affect their follow gpestions?

o How did this student reflection impact their leaugf?

8. What was most difficult in having students geneth&gr own questions:
o foryou?
o for the students?

9. What was most successful in making the shift tdestiis asking the questions:
o foryou?
o for the students?

10. This summer you learned how to plan and implemeasstioning strategies when
students explored and explained their learningw idm your use of questions
influence students’ questioning?

209
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11.0Over the last three years how has Professional IDgweent supported you in
your learning of problem based inquiry design?

12.Over the last three years how has coaching sugpgote in your learning of
problem based inquiry design?

13.How would you rate overall the depth of studentieay based on the Continuum
of Inquiry?

14.Since beginning this journey of implementing proiibased
inquiry designs,

o What have you implemented in your classroom?

0 How have you used student teamwork to engage studeproblem-
solving?

o0 What has been most beneficial for you?

o What has been most beneficial for your students?

o0 What has been the most challenging for you?

15.Have we missed anything else that you’'d like to ablolut questioning or
problem-based inquiry? (Closing Question)
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