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Abstract.  The Professional Development Program (PDP) is at the hé#re@du-
cation programs of the Institute for Scientist & Engineeu&ators. The PDP was orig-
inally developed by the Center for Adaptive Optics, andsihas been instrumental in
developing and advancing a growing community of scientiatd engineer-educators.
Participants come to the PDP early in their careers—mostadugte students—and
they emerge as leaders who integrate research and eduicetii@ir professional prac-
tice. The PDP engages participants in the innovative tegamd learning strategies of
inquiry. Participants put new knowledge into action by dasig inquiry activities and
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teaching their activities in undergraduate science anéhergng laboratory settings.
In addition to inquiry, members of the PDP community valud artentionally draw
from diversity and equity studies and strategies, assa#ssteategies, education re-
search, knowledge about ective education practices, and interdisciplinary diakag
This paper describes the PDP, including goals, rationalendt, workshop sessions,
outcomes from ten years, and future directions.

1. Introduction

The Professional Development Program (PDP) was developed thtbegCenter for
Adaptive Optics (CfAO), and is now at the heart of an education progitethe Institute
for Scientist & Engineer Educators at the University of California, Samnte QJCSC).
Since 2001, the PDP has been instrumental in developing and advanciogiagr
community of scientist- and engineer-educators. Participants come to thed®BHP e
in their careers—most as graduate students—and they emerge as lehdéntegrate
research and education in their professional practice.

Successful early-career scientists and engineers have generallgbght in large
lectures and step-by-step “cookbook”-style laboratory activities. Thepdiisary re-
search skills and scienti ¢ reasoning skills that these graduate studerdgmacquire
for the research portion of their careers are rarely formally taughteddshey pick up
these skills from their environment, or they may be fortunate enough to lzatielp
larly e ective mentors. Meanwhile, they are increasingly called upon to teach the next
generations of scientists, engineers, and citizens. Most begin formatiyingatheir
own students as graduate teaching assistants, and many progresstys facu

In graduate school, scientists and engineers are in a prime position to leatn abo
and re ect onhow research skills are acquireghd how they might be taugtand to
considerhow laboratory units and courses can be tapped to provide students with ex-
periences that impart relevant content knowledge and reasoning.sKitisy are in a
position to teach research skills explicitly and intentionally, so that their studemts ca
develop research abilities through coursework rather than just by goedituthat po-
sition, they can use these developing research skills to strengthen stsdeis c/
engineering reasoning skills and teach content knowledge with unddargjaid they
carefully consider research skills, reasoning skills and content uadeisg, graduate
students become better teachers and develop as future mentors. Thitveepeactice
also enhances their own learning, making them better researchers.

The PDP builds, supports, and mobilizes a community of participants by engag-
ing them in the teaching and learning of research skills, reasoning skills@ridnt
understanding (in combination, we call thigjuiry). Participants put new knowledge
into action by designing inquiry activities and teaching their activities in unddrgte
science and engineering laboratory settings. Subsequent furthetiomen the state
of the art within the community keeps the PDP active, dynamic, iterative, apdme
sive. In addition to inquiry, members of the PDP community value and intentionally
incorporate diversity and equity considerations, formative and summatsessment
strategies, critical use of education research, knowledge abeatiee education prac-
tices, and interdisciplinary dialogue. These shared values, which dinerfaescribed
in Seagroves et al. (this volume) support the community as PDP participaetsenqge
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and re ect on inquiry, then experiment with and re ect again on inquiryrtieigpants
who thus iterate their way into integrated identities—as both researchersahdits—
emerge as leading scientist-educators and engineer-educators.

This paper draws heavily from our previous descriptive paper on the(FDiter
et al. 2008), but also includes new material highlighting new frameworkskshop
sessions, and other infrastructure that have been added to themrogttze past two
years. Next irk2, we give an overview of the PDP, and then we discuss the PDP's focus
areas and frameworks in more detaib®. In x4, we describe the components of the
PDP, including individual workshops, andx® we demonstrate some PDP outcomes.
Finally, in x6, we discuss the future of the PDP.

2. Overview of the PDP

Originally the PDP was developed through the CfAO, a National Sciencedabion-
funded Science and Technology Ceht8TC). STCs are charged to conduct innova-
tive, potentially transformative research and education; develop psiipe between
public and private organizations; and demonstrate leadership in the invehteof
groups traditionally underrepresented in science and engineering.r€ergate envi-
ronments that support work at the interfaces of research disciplingsylzgre research
and education are integrated. Although each STC has its own unique ssds,me-
sources, and opportunities, they all share a rare opportunity spemglitogten years to
develop, re ne, and sustain an educational program within the envirohofi¢op tier
U.S. research universities. The PDP, and the broader CfAO educatigram, were
speci cally designed to take advantage of the opportunitiesrded by STC funding:
long-term funding, a charge to be innovative, a national presencehar@pportunity
to advance future scientist- and engineer-educators (i.e., the Cemgatisage students
and post-doctoral scholars).

The CfAO education program, including the PDP, was the result of an ongoing
strategic planning process that took into consideration the Center's parstidagths
and resources, educational needs related to the Center, and theftkaaywtedge on
learning and teaching, to nd a niche where the Center could make a unigqiebce
tion. From this process, the CfAO developed two integrated strands desigineistct
teaching and learning in higher education. Both strands focus on thethatystudents
experience and engage in the processes, practices, and culture oésierengineer-
ing. One strand focuses on the learning experience of current uadeejes, while
the other focuses on the teaching practices of early-career scientdstagineers. The
two-strand model can be applied to drent teaching and learning contexts. However,
the CfAO chose to focus these strands on a challenge closely related toeisctes
goals: the fact that a disproportionate number of women, Hispanics, AfAcaeri-
cans, Native Americans, and Paci c Islanders who pursue baccataldegrees in the
physical sciences and engineering ( elds that the CfAO relies on farr&ferce) leave
or choose not to pursue work or an advanced degree in these elds.

IMore information about Science and Technology Centers may be fwithih the NSF's O ce of Inte-
grative Activities atttp://www.nsf.gov/od/oia/programs/stc/
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The CfAO's two-strand model, shown in Figure 1, has now been integrated into
two major educational initiatives: the Institute for Scientist & Engineer Edusato
(ISEEY at the University of California Santa Cruz, and the Akamai Workforce liiga
(AWI) 3 at the University of Hawai’i Institute for Astronomy. The model is designed to
simultaneously (1) prepare a new generation of scientists and enginezrsctively
engage all students when teaching their disciplines (horizontal “straamti)(2) change
the learning experience of students currently pursuing science airkerigg careers,
in order to retain them (vertical “strand”). The vertical strand includeg@ms and
courses aimed at retaining students of all backgrounds in science ainéenmyp dis-
ciplines. These programs and courses have many innovative comporegrgserile as
“teaching laboratories” for participants in the horizontal strand.

Immediate, short term impact

Advance Students on current science/engineering
. - ipeline

Increase Diversity ep

Improve Retention

Long term impact on
how science and engi-
neering are taught

e ) \

PDP Internships, Short Courses, | Scientist-Educators &

Early-Career xgigigjss Regular Courses, etc. Engineer-Educators
b Improved teaching skills;

Scientists and| Design, Facili- || Practical teaching experi- e
Engineers tation, and ence for PDP participants inquiry; \v.ersny
Teaching * Innovative research-like New Curricula
Teams lab experience for college Innovative; piloted
students

N—

Horizontal Strand: Improving science
and engineering education

College Students
from Diverse
Backgrounds

Vertical Strand: Engaging
in science and engineering

education

Figure 1.  The two-strand education model, in which earlyeeascientists and

engineers are trained to teach moresetively and inclusively (horizontal strand),
and college students from diverse backgrounds engageeandslike experiences
that increase their knowledge and interest in pursuingpéurgcience and engineering
opportunities (vertical strand). In this paper, we focustanhorizontal strand of the

program, the PDP.

Many of the activities designed within the PDP and used as “teaching lakiegitor
are described in this volume. The horizontal strand encompasses the El¥aaned

2http:/lisee.ucsc.edu

3hittp://kopiko.ifa.hawaii.edu/akamai/
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at changing the way the next generation will teach undergraduate seied@ngineer-

ing. Although the two strands are depicted neatly in Figure 1, it is the complaxity a
interplay between the two strands that has engaged the community for so masy yea
At the intersection, at least three things are happening simultaneously:

PDP patrticipants (early-career scientists and engineers) are practi@otve,
inclusive teaching

College students are practicing science/andngineering in a learning environ-
ment created to be more equitable (designed and taught by PDP participants)

New curriculum is being piloted and demonstrated

The remainder of this paper will focus on the horizontal strand of activitibg;wwve
call the PDP.

The broad goals of the PDP are to:

Develop scientist- and engineer-educatorsCultivate  scientist- and engineer-
educators, who design and teach innovative, authentic inquiry expesiéoica
diverse population of future scientists, engineers, teachers, andisitize

lllustrate inquiry: Demonstrate laboratory activities that re ect the practices of sci-
entists and engineers.

Establish infrastructure: Create the tools, methods, professional development curric-
ula, and community that enable emerging scientists and engineers to develop and
advance as educators.

E ect broader change: In uence the larger science and engineering community to
think innovatively about education—in particular, to reconsider the traditiona
relationships between teaching and research and between the natusalcaid
sciences, and to reconsider the inclusiveness of their practices.

To achieve these goals, our participants experience a cycle of activigssrifged in
x4) in which they experience a classroom inquiry activity, re ect on thigegience,
design and teach their own inquiry activity, and re ect on their practices.

The designers, developers, organizers and instructors of the PCPgaoeip of
education professionals and scientists. Several of us were gratiudgatsparticipants
in past cycles of the PDP. Although our current@al titles range widely among uni-
versity (sta, post-docs, faculty) and consulting positions, for lack of a better term, we
will refer to those who drive the PDP as “PDP sta

2.1. PDP Participants

The PDP has focused on mentoring early-career scientists and emsgivie@rare in
the process of becoming scientist- and engineer-educators. Throu@h th@1PDP
has impacted over 250 participants from a broad diversity of disciplinetituiinens,

and careers. They come from institutions across the continental U.S. amai'Ha
Their specialties, and the disciplines in which they have applied their teacpag,
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vision science, astronomy, physics, molecular biology, ecology, chemiagtrical
engineering, optical engineering, and more.

Though participants come from this wide array of disciplines, they all havenn c
mon their interdisciplinary endeavor to advance as educators. The &aweryone
is an expert at something else, and none are yet expert educatarsjdsecommon
ground and a basis for community. Hierarchies that participants bring with them—
such as the fact that they might be junior or more senior members of thearcase
lab—count for little within the PDP community. Instead, contributions to and seniority
within the PDP community itself are valued. Some participants have joined the commu-
nity for as little as a couple of months (from workshops to teaching expeievidée
many return year after year to grow as leaders and innovators within the agtgmu

Participants have included post-docs, community college and universiijtyfac
administrators, education professionals, and high school teachérmpktihave been
graduate students. Many science and engineering graduate studetgachiag al-
ready, and will be in the future, yet they receive little training in educatidmeyTare
looking for help and are in a prime position to grow. They are at a phase in their
careers when they are still actively learning research skills themsehgsaa be re-
ective about the learning and teaching of these skills that are so criticatiemee
and engineering. Not only can the PDP impact their immediate teaching, buighere
great potential for long-term impact: Most Ph.D. recipients become cdlieyersity
faculty, and nearly 75% of faculty positions are at institutions with a strongs§@n
teaching. In fact, only 3% of U.S. institutions of higher education are “reb&aniver-
sities (Boyer Commission 1998). The PDP is well aligned with calls to reforhugtz
education to better “prepare students to teach in a variety of settings usimge of
pedagogies based on research in teaching and learning” (Nyquist & 20@2, and
references therein).

As discussed ix2, one of the goals of the PDP is to develop these participants
as leading scientist-educators and engineer-educators. To achieubehrDP is de-
signed to help participants make progress in the following areas:

Designing inquiry activities: Participants in the PDP engage in a series of activities in
which they experience and re ect on inquiry, then design and teachgaiirynac-
tivity, and re ect again on this experience. As they design inquiry acts/j{r-
ticipants are expected to draw from education research, knogfctige teaching
practices, assessment strategies, and divézgiijty considerations. Participant
progress includes articulating clear learner goals in terms of inquiry, Emd p
ning activities that weave the knowing and doing of sciencéarehgineering
together, while taking into account students' prior knowledge and expErse
Participants are also expected to deliberately sequence activity compsoents
that all learners improve at generating and evaluating evidence, and\atyeo
ing, using, and interpreting explanations. Participants' designs should improve
all students' abilities to productively participate in the practices and discadirse
science antbr engineering.

Optimizing learning: Participants advance at creatingeetive and inclusive learning
environments. For the PDP community, improving as an educator includes ar-
ticulating and communicating learning goals. It also includes honoring students
backgrounds, values, and community, adapting instruction accordinglyer:
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gaging what students already know and thinkeEtive educators create learning
environments that support the further development of students' vahieggsts,
attitudes, and identity, so that students can productively participate in the ente
prises of science and engineering.

Facilitating students: Participants not only design inquiry activities, but also teach
them, using techniques collectively called “facilitation.” Improving as a facilita-
tor requires developing a repertoire of strategies that engage and salbgtui-
dents in building and practicing inquiry skills. The facilitator uses strategies that
make learners' thinking visible to both the learner and facilitator (Harlen 2003)
and that maintain productive and collaborative group learning envirorsmén
particular, the art of facilitation lies in guiding learners—sometimes even leading
them—without taking away their feeling of ownership over their investigations
and understandings (King 1993).

Growing more intentional: In the PDP community, “growing intentional” means be-
coming more informed and thoughtful about choices made when teaching. Par-
ticipants become more re ective on education and integrate education into their
identities as scientists and engineers. Participants re ect on inquiry botle in th
educational context and in their own research context—and some may hd tha
this re ection improves their research as well as their teaching. Advarasray
re ective, intentional educator includes valuing and using frameworks fedl-
ucation research to develop teaching strategies, valuing diversity aitgl ag a
consideration in education design, and participating in the community of practice
that focuses on improving science and engineering education.

3. Focus Areas and Frameworks of the PDP

The PDP is a multi-layered program in which we present advanced csredeput sci-
ence and engineering education, and we expect our participants to peatitdeas into
practice as they design and teach their own activities. In order to supgrtidipants
in this e ort, we have recently begun to articulate our emphases in three major focus
areas—inquiry, diversity and equity, and assessment—in a more stidigtaye Artic-
ulating the most important concepts we want participants to learn about aratgu
practice has helped us to more clearly de ne what we mean by “inquiry@&tample,
and more clearly tailor our workshops and training activities. Below, we givér
background and describe our Inquiry, Diversity & Equity, and Assent focus ar-
eas. Within the Inquiry focus, we have elevated the formality of our emphases]
it a “framework.” In all three focus areas, the choice and articulatioarophases is
PDP-speci c.

3.1. The Evolving PDP Inquiry Focus Area

Engaging undergraduates in research experiences is widely held gd@nsaruit and
retain students in science and engineering (see, e.g., Russell, HancldC &llough
2006), as well as a way to give K—12 teachers authentic experiences shethatan
e ectively convey science and engineering content and practices totinenss. Yet
it is nearly impossible to provide individually mentored research expersetoceore
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than a small fraction of undergraduates. Meanwhile, laboratory units@mdes al-
ready exist, and they represent a vast untapped potential for prgwdatistudents with
experiences that impart relevant content knowledge and reasoning isiilisting the

authentic practices of scientists and engineers. Moving laboratory actiaitiay from

cookbook-like performances, toward authentic inquiry, is an emphagie &fDP. Sup-
porting this emphasis has stimulated ongoing re nement of the PDP, as Piijhed

laboratory activities have expanded into diverse content areas aadaatl levels. De-
signing activities for engineering courses, and for content areasethjaire synthesiz-
ing data from multiple sources with computer models and other abstractiorshéem
major forces for new PDP workshops, tools, and supports.

3.1.1. PDP Inquiry Framework

Inquiry has always been at the center of the PDP's community of pratincguiry”—
along with its close cousin “inquiry-based learning’—is a term that is wideddusit
less widely de ned. Within the PDP, the conception of inquiry has evolvemnfan
initial literal understanding that it is learning motivated by questions, to a kerogat
more nuanced understanding: inquiry is a powerful means of learnirsgaslye con-
tent and laboratory skills, and of developing critical ways of thinking abciense and
engineering. The PDP community has come to use the term inquiry to refer to sci-
ence activities that mirror the research practices of scientists, and erignactivities
that mirror the design practices of engineers. A useful shorthand weddopted is
“learning X the way X is done,” with possible values of X including broad terms like
“science” or “engineering,” or more speci ¢ terms like “genetics” or ‘@®-optics.”

In 2010, the PDP introduced a framework that articulated six elements ofynquir
as de ned within the PDP community. The framework is intended to help PDP partici-
pants design, teach, and re ect on inquiry teaching and learning. Igas@eant to help
PDP sta more e ectively facilitate PDP participants as they push into new areas and
new models for inquiry. A major driving force for developing the six elemevas the
growing need within the PDP community to teach science and engineering gi-the u
per division undergraduate and graduate levels. Science and emginatethese levels
often includes using existing databases, computer simulations, mathematical,models
and other strategies in which the investigator cannot generate new knewleddy
physically manipulating the objects of investigation. Some have called this kind of in
quiry “second-hand inquiry” (e.g., Palinscar & Magnusson 2001) tacatd that the
investigation uses data or evidence generated through other soutteshdllenges
associated with supporting development in these areas of inquiry becamateagde
PDP participants became interested in teaching topics such as structuidaisiuncof
chemical compounds, uid dynamics, and adaptive optics system deslgmPDP is
currently evolving to support the development of these advanced uaderge and
graduate level topics by developing new tools, workshops, and mosliginge As part
of the process the PDP de ned the following six elements of inquiry (showFamn
ble 1) to help the PDP community innovate in new territories, while staying grounded
in inquiry.

3.1.2. Scienti ¢ Inquiry and Engineering Design

To learn science and engineering the way science and engineering& esgjuires en-
gaging the content as well as the processes of these disciplines. Saigheagineer-
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Table 1.

The PDP Inquiry Framework. The PDP's de nition odjiiry is articu-

lated through six elements (left column) that are re ectedhie design of activities
(center column) and in facilitation strategies that instious employ (right column).

Element of Inquiry

: o : Inquiry Activity
Inquiry Activity Design Facilitation
Designers articulate goals, ac-

tivity components, and assess- Instructors employ strategies
ments that include the follow- and moves that...

ing ...

1. Cognitive science
& engineering
processes

2. Content:
foundational
scienti ¢ concepts

3. Intertwined
content and process

4. Mirroring
authentic
researchdesign
processes

5. Ownership of
learning

6. Explaining using
evidence

At least one important cog- . :

nitive sciencﬁangir?eering prog— Assess learners’ experience
. . . - with and engagement in pro-

cess is operationalized in learn- gagd pre

. . ; . cesses and supports practice

ing goals, practiced in activity, and imorovement

and assessed. P '

Foundational scientic con- v
Make learners' ideas about con-

cepts (or concepts that can b e
tied to them) are articulated in(1ent visible, and then support

learning goals, and assesseds‘igmje“f]sémapnrgvmgktif;elrc%rsggc-_
Activity  components support 9 g

learning these concepts. tions to other understandings.

Content (#2) is learned throughEncourage learners to re ect
the application of inquiry pro- on how processes were used
cesses (#1). Application of in- to learn content, and how pro-
quiry processes is motivated bycesses can be generalized to
content. other contexts.

Design goals and activity

components are driven by,Convey how the activity mir-
and re ect, authentic researtch rors authentic research as part
design processes, practices, andf contexting and synthesis.
norms.

Activity components open and
promote multiple pathways
to understanding content,
and practicing processes, an
learners have ownership of
paths.

Guide learners in coming to
heir own understandings via
heir own pathways.

Learners use evidence and rea'—_|

soning to do at least one Ofidence to make sense of their

the following in relation to their . o
understanding of content goals:Invesngatlon and to talk about

make meaning, articulate, ortstl?gn{;%'n?i‘:"?’:g‘sk'”gthemto
persuade others. principles.

elp learners focus on using ev-
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ing have much in common, but as the PDP audience has included increasibgnsu

of engineers, we have adapted to treat the criticakinces. For science, processes
students must learn and practice include generating and re ning résgaestions, de-
signing investigations, collecting and then interpreting data, constructirigretpons,

and communicating ndings. In engineering, students must learn and prateioing

and clarifying a need or problem, identifying requirements and constraieve|ap-

ing possible solutions, constructing prototypes, testing and evaluating solatiois
tradeo s, and communicating results. In both the science and engineering cases, the
processes cannot exist in a vacuum, but are inextricably linked with plarticontent.

The early PDP focused on scienti ¢ inquiry process skills such as thosesdied
in Chinn & Malhotra (2002) so that participants had deeper understandintpese
processes and could support their students in learning them. As the commpafiy's
ulation and teaching venues have both expanded to include engineeringchndlte
ogy disciplines, the PDP has had to supplement treatment of scienti ¢ inquilty sk
with support for engineering skills as well. The PDP's treatment of engimgskills
includes ideas such as a step-by-step “engineering design cycle” @esabhusetts
Department of Education 2006, p. 84), and the accreditation criterianffineering
schools (ABET 2008a). But the PDP has also acknowledged that emgigean be
much more non-linear and iterative and that students must master skills thaakse
tic for the engineering workplace (Seagroves & Hunter 2009, andr&esg& Hunter,
this volume). In addition, because PDP participants teach both in enginesimn
programs and in technology programs, the treatment of skills is broad aludiésc
frameworks such as ITEA (2007) and ABET (2008b). Even with all of thsyever,
it is important to note that science and engineering have much in common, adijnd
key to any meaningful instructional engineering activity is the inclusion adé&mental
scienti c concepts.

3.1.3. Inquiry Learning as an E ective and Inclusive Strategy

Inquiry is called for in most national reports on improving science and eeging ed-
ucation (e.g., PKAL 2006; AAAS 1989; NRC 2000, 2005a; NAS, NAE a1 2006).

Our conception of inquiry incorporates much of what is known about bwents
learn (NRC 1999, 2005b), and the PDP emphasizes the importance ofiibgcan in-
formed consumer of education research aneotive practices. We display respect for
the elds of the learning sciencésand we demonstrate that one can approach teaching
and learning as critically as one would approach science and engineering.

As shown in Table 2, inquiry connects broadly to education researchaland
more speci cally to strategies that support diversity and equity.dbént pedagogical
techniques and support for dérent prior knowledge and experiences are explicitly
incorporated in inquiry activities, along with a strong sense of student ahipefone
of our six inquiry elements, Table 1) and an emphasis on discourse, conationjc
and explanations (another of our inquiry elements).

4The “learning sciences” is a term used to describe the interdisciplinatgrsgsic study of learning and
of educational interventions. It draws from many elds, such as atloe, cognitive science, psychology,
and others.
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Table 2. Connections Between Inquiry and Inclusive TeagRractices. Inquiry
teachindglearning strategies naturally incorporate and connedt feiatures that are
known to improve the inclusivity of the learning environmen

Features of Inquiry Connections to Research

Supports students' use of metacognitive
strategies, one of the core principles of
learning (NRC 1999, 2005b)

Engages and adapts to students' prior
Includes di erent entryexit points knowledge and experience, another core
principle of learning (NRC 1999, 2005b)

Facilitators (instructors) employ formative
assessment

. . upports dierent ways of learning, a fea-
Includes various pedagogical tools and pa? : :
ticipant structures (group work, etc) (Lcjarzyogo%é:)ulturally responsive curriculum

Alleviates stereotype threat (Steele & Aron-
%on 1995) by conveying respect for learn-
ers' potential

Sets high expectations and supports st
dents to meet them

Allows students to communicate in theirSupports an awareness of and pro ciency
own style but also requires them to commuwith code- and culture-switching (Aiken-
nicate in a technical manner head & Jegede 1999)

Student ownership over knowledge gain
“I gured it out by myself. It was empow-
ering.”

Sncreases con dence, motivation and per-
sistence (Wig eld et al. 2006)

3.2. PDP Diversity and Equity Focus Area

While we know from experience that PDP participants have strongly pesitipacts
on their students' attitudes and understandings, pinpointing the ways in whichahey
and do create inclusive learning environments can be challenging. iBreersyriad of
di erent resources for learning about diversity and equity in sciencermrgideering,
including a great deal of formal research, and there is another myristdadégies that
have been proposed and tested for addressing diversity issuds.2Tsloows that the
PDP inquiry model “automatically” provides a good start for improvementweuand
our participants want ways to address diversity and equity more explicitly.

To help our participants navigate this complex space of ideas, we have identi ed
ve emphases within the diversity and equity focus area that are particulzdyant
to PDP participants’ work. These emphases are not meant to be comgehdiut
instead are meant to closely match the PDP's focus on inclusive teaching indbe u
graduate laboratory environment. The emphases help PDP participanse cativity
components and facilitation strategies, plan for arative learning environment, and
re ect on their teaching.

The emphases not only align with the existing PDP, but they also allow fortrow
beyond the PDP as the umbrella ISEE and AWI programs grow. For exaRipP,
workshop sessions may not cover every emphasis in great depth, dildve-d6n new
workshop could be designed to complement the existing PDP that would keetth
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with what is already oered. The emphases will be used to organize tools, strategies,
and examples for designing, teaching and assessing activities as wellraxeurses

and programs. For a full discussion of the emphases within the diversityaguity
focus area, as well as the research and practice that inform thisdoeassee Hunter

et al. (this volume). Here we simply summarize the emphases within this focus area:

Multiple ways to learn, communicate and succeedlearners should be provided
with multiple ways to engage in, approach, and succeed in their work, and mul-
tiple ways to communicate their understandings.

Learners' goals, interests, and values:Learners' goals, interests, values, and sources
of motivation should be engaged and leveraged through activities thatlere re
vant, meaningful, and challenging.

Beliefs about learning, achievement, and teachingLearners and teachers should
develop beliefs about learning, achievement, and intelligence that sugrpex-
pectation of success for students from all backgrounds.

Inclusive collaboration and equitable participation: Learners should have equal
opportunities to participate and equal access to resources in classrdarolan
laborative activities. They should have opportunities to contribute diveesss,
identify problems and solutions, and participate as valued team members.

Social identi cation within science and engineering culture: Learners should gain
a sense of belonging in the sciefemgineering culture that ts with who they
see themselves as, who they want to become, and what they want to becobme par
of.

3.3. PDP Assessment Focus Area

PDP participants learn about assessment throughout their PDP exgerierough
workshops and sessions, and through direct experience. Thefalssessment, goals
of assessment, and many types of assessment tools encompass a splessues that
could not possibly be given full coverage within the PDP. However, pBificipants
gain signi cant experience within the particular domain they work within—deisig
and teaching an inquiry laboratory activity. They articulate their intendedilegout-
comes, develop a rubric to score their learners' explanations, antggrdermative
assessment through their facilitation of inquiry activities. PDP stalized that partic-
ipants were unaware of the connections between assessment and thk&igtkiithin
theHow People LearfNRC 1999, 2005b) framework (e.g., Scotter & Pinkerton 2007)
and the many ways in which they were getting experience with assessmenEkdin
we made this more explicit with the following outline of assessment-related PDP em-
phases and activities:

Articulating assessable learning outcomesPDP participants articulate and commu-
nicate learning outcomes that are assessable, through content aadspgoals
that are operationalized. In other words, participants articulate learnadg that
refer to the speci ¢ knowledge and tasks they expect their learners ableeo
understand and accomplish. To support this, we include PDP sessionesmofyp
learning outcomégoals, with an emphasis on content and process goals, and we
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give participants practice stating goals. Participants then determine leatriing o
comes for their own inquiry activities, as well as the evidence they will look for
as they teach that indicates learners have reached these outcomestichiate

these learning outcomes as they design and make them clear to their learners a
they facilitate.

Making learners' thinking visible: Facilitation sessions in the PDP emphasize the
importance of using strategies to make learners' thinking visible to both the in-
structor and the learner, as an important part of formative assessnientvay,
learners can more clearly pinpoint areas where they may need to imprave the
understanding, and facilitators can adjust their teaching to better supaort le
ers. As they design their inquiry activities, PDP participants develop a féicifita
plan that incorporates relevant strategies, and then they practice tresgiss
as they facilitate their activities.

Monitoring and self-monitoring the application of cognitive processs: The PDP
draws from theHow People LearNRC 1999, 2005b) summaries' emphasis
on metacognition and also highlights the importance of formative assessment as
applied to scienti c and engineering process skills. Although this is not cov-
ered explicitly in workshop sessions, PDP facilitation training does draw from
strategies for monitoring learners' engagement in and application of cegniti
reasoning processes in their investigations (such as Black & Wiliam 1968). S
monitoring by learners is also embedded in PDP inquiry activities, though not
explicitly addressed in workshop sessions.

Assessing content understanding through learners' explanationsAll PDP patrtici-
pants generate a rubric and use this to assess their learners' contergtand-
ing as they watch, listen to or read learners' explanations of their work. This
assessment task is designed to help PDP participants assess their'leadesrs
standing of scienti ¢ principles at a level deep enough to explain their nsling
and if they are able to use evidence to appropriately support a claim. Part&ipa
generate their rubric in the context of the inquiry activity they design, idengf
the types of scienti ¢ arguments their learners might make agudint levels of
performance. Participants break these arguments down into claims, sudpprte
evidence (e.g., data) and related reasoning that draws from scientcigles,
using a base explanation rubric (see Appendix C). The claim-evideasesriag
structure is based on frameworks common in the education research literature,
such as Harris et al. (2006) and McNeill & Krajcik (2009), while the idéhe>
ginning with a base rubric and customizing it for a particular application barow
from Siegel et al. (2006).

4. Structure and Components of the PDP

In the previous sections of this paper, we described the rationale beleifDiR, goals
for PDP participants, and the main concepts and emphases we impart tkineugbP
experience. In this section, we give a practical description of the POP af/activities.
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4.1. The PDP Cycle

The full PDP experience includes active participation in a series of \wopkdased
“intensives,” development of an inquiry activity, a teaching experieaond time for re-
ection. Together, these activities comprise a pathway in which participapisreence
inquiry from the learner's perspective, re ect on their experiencacfice inquiry as
educators, and re ect on their practice.

Inquiry in Science & Design Institute
Engineering Learning & 1.5 days, spring

Teaching (ISELT) Facilitation Training
2.5 days, spring optional time, 0.5 day

Re-Thinking Science &
Engineering Learning &
Teaching (Re-SELT)

I day, fall or winter Design Teams work

new participants only Refl ective e
: e
Community of
Scientist- and
Engineer-
Reflection & Self-
[ — ] Educators

Facilitation Training
optional time, 0.5 da;

Color Key:

Preparatory Training

Teams teach their Design Teams
Activity Design inquiry activity prepare to teach

in a PDP-affiliated SUPPorlt;dtby
Teaching program or course, CenmEuliEini

summer or fall

Reflection on the PDP

Figure 2.  The year-long cycle of PDP activities. Particigagngage in inquiry,
re ect on their experience, receive training on scigeagineering pedagogy, de-
sign and teach inquiry activities for their own students] esmect on their teaching
practice. Participants may return for more than one yeane@PDP cycle.

In Figure 2, we show the progression of PDP activities. Note that the Yirtieh-
sive,” used as a noun, has a particular meaning in our community. Fon uggasive
is a series of workshops in which PDP participants and giather together to focus
on teaching and learning inquiry. New participants begin with the one-dayduntr
tory intensiveRe-Thinking Scienc& Engineering Learning Teachingn the fall, and
then join returning participants for the rest of the program. In the springdays of
further training begin with thénquiry in Scienc& Engineering Learning Teaching
intensive. This is a particularly immersive experience in which new andmegipar-
ticipants engage in inquiry activities and consider pedagogical aspeethioéting in
this way. (Introductory intensives are describeddn2 and the workshops within these
intensives are describedx4.2.1.)

At the end of this intensive, participants begin tesign Institutein which they
work in teams on the design of inquiry-focused laboratory activities, primfoilyn-
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dergraduate students. Each team uses the concept of “backward”desigvelop
an activity that has clear goals of imparting knowledge about conceptsgming pro-
cesses, and attitudes relevant to a topic in the natural sciences or eimgjr{see the
Design Task, below, the description of backward design workshog4.thl and the
description of backward design of inquiry activitiesx#.3). In 2010, the PDP cered
the option for teams to thoughtfully plan for the facilitation of an existing PDP iagtiv
rather than designing a new activity. The 2010 PDP Design and Facilitat&ks Bae
shown below:

PDP Design Task: Design Teams will design a PDP inquiry activity where students
simultaneously learn scienti ¢ knowledge, reasoning processes, and atitude
by practicing science or engineering. Designs should re ect coreider for
contemporary issues in education (such as those summarizedHhoth&eople
Learnseries) through careful integration of the ISEE focus areas of ingiiiy,
versitylequity, and assessment in the activity. Teams will assess learners' gains
in understanding through their explanations.

PDP Facilitation Task: Facilitation Teams will prepare to facilitate an existing PDP
inquiry activity where students simultaneously learn scienti ¢ knowledge, rea
soning processes, and attitudes, by practicing science or engindadigdual
designed elements and preparation for “on-the- y” moves should teceasid-
eration for contemporary issues in education (such as those summarized in th
How People Learrseries) through careful integration of the ISEE focus areas of
inquiry, diversityequity, and assessment in the activity. Teams will assess learn-
ers' gains in understanding through their explanations.

Teams continue to meet regularly throughout the spgsimmmer to work together
on their activity designs and facilitation plans (s&e3). Each team works with a PDP
sta member who consults with them during their planning process. Participants then
teach their activity in the summer or fall in a venue supported by or partmétedSEE
or AWI (seex4.4). These venues serve as “teaching laboratories,” where partgipan
have the opportunity to test out the activity they designed, as well as théeaehing
methods they learned, with the support of their fellow team members and caiosulta
from ISEEHAWI sta .

After teaching, participants re ect on their experience by debrie ng anldmit-
ting additional re ections on a written form (se€l.5). They consider all they have
gained by participating in the PDP: tools, con dence, and community suppdddoh-
ing sciencéengineering eectively. They also provide valuable input that helps to shape
future PDP cycles, and they consider what they may want to work on pstmeem-
plate returning for another PDP cycle and as they move forward in theiagdoand
careers.

4.2. Preparatory Training Intensives

The PDP intensives are the central means by which we provide formahtyaamd
support for our participants. Each intensive is an immersive experi@ace up of a
series of workshops on teaching and learning inquiry. The format of thesints has
varied over the years, both in how the workshops are arranged arddlilbetween
the intensives, and in the workshops themselves. For example, in 2008 Eheyele
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began with two intensives: a one-day event for new participants, andralyure-
treat for all participants. In 2009 we also @ered a separate one-day intensive just for
returning participants. For many years we havermed a separate half-day workshop
for all participants just before they began their teaching experience gfmapr them
for on-the- y facilitation moves necessary to successfully teach an igaativity. In
2010 we continued our one-day intensive for new participants arded a 4.5-day
combined intensive for all participants in which weared separate training on activity
design and facilitation. We also integrated a new “Special Projects” staanulti-
year returning participants who were working on larger scale curricaevelopment

or related innovative work that did not t into the PDP Design or Facilitatioski
Regardless of the variations on the structure of the intensive, thereagsalsigni -
cant multi-day intensive in which rst-year and returning participants sometinogk w
together and sometimes engage in separate activities. Throughout thaswaggepar-
ticipants are mixed in dierent ways to encourage community and a broad exchange of
ideas.

During the intensives, PDP stamodel working together as collaborators focused
on science and engineering education. Returning participants may takedensleig
roles and participate in training new participants.

4.2.1. PDP Workshops

The following workshops are ered within PDP intensives, arranged in various ways
depending upon time constraints, funding, and programmatic needs.

Comparing Approaches: Three Kinds of Hands-On Scien@eew participants, 3
hrs)

In this activity, developed by the Exploratorium's Institute for Inqudirmew par-
ticipants experience a hands-on science lesson taught in threeedt ways: via a
guided worksheet activity, via a challenge activity with a design goal, araudr
open exploration with an array of materials. Participants then re ect onberence,
discussing the pedagogical pros and cons of each hands-on teelmigmall groups.
This is the rst time many participants consider that “hands-on” does not loae
well-speci ed meaning, that all learners do not learn as they do, and treaeetive
teacher can approach pedagogy intentionally. Returning participants ntegjriea to
lead one of the three stations and the re ective discussions.

Science of Learning and Teaching: The How People Learn Framewdriew partic-
ipants, 1.5 hrs)

We build o the previous workshop, demonstrating that one can approach education
with the same rigor that is used to study science and engineering, and projeeting re
spect for educators who are informed, critical consumers of researtéaching and
learning (Handelsman et al. 2004). Participants work in small groups, ssisgua
reading from thédow People Learseries of summaries (NRC 1999, 2005b). Together
they elaborate the three principles ofeetive teaching and learning that are presented

5The Exploratorium Institute for Inquiry's professional developmectivity designs are available at
http://lwww.exploratorium.edu/ifilworkshops/fundamentals/index.html
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in this reading: engaging learners' prior knowledge; recognizing thednaahtal role
of factual knowledge and conceptual frameworks in fostering utaleigng; and en-
couraging metacognition, or self-monitoring, during learning.

They also consider the four “lenses’—learner-centered, knowledueres,
assessment-centered, and community-centered—through which edueatdviesy”
classroom activities to successfully implement these principles. Participamts a
encouraged to share how these ideas have been highlighted in their awatifer
learning experiences. After discussing their experiences in generstipants are
asked to consider how they might apply the principles and lenses in typmdiligte
student teaching venues (lab courses, small discussion sessiomsiledheutside
of lecture time, and mentoring undergraduate researchers). By analitigythe
participants' experiences in science and engineering, we emphasizauleeV having
a model or framework for trying out new education ideas and re ectingherresults.
How People Learprovides a useful and accessible framework, though we note that it
is not the only framework supported by education research.

2009 PDP patrticipants discuss tHew People Learframework.

Revisiting the How People Learn Frameworfall participants, 1.75 hrs)

This workshop opens the four or ve day combined intensive, reviewimgt was
learned from the “Science of Learning and Teaching: Ho& People LearrFrame-
work” and moving participants further with a discussion on a second rgattirnthe
learning sciences. Participants also consider howHbe People Learrframework
can be applied to a classroom scenario. Increased familiarity with educatiearch
sets the stage for applying the framework to their own inquiry activity desigme
PDP's focus areas in inquiry, assessment, and divéesjtyty are presented and
situated within the otherwise bro&tbw People Learriramework.

Light and Shadow Inquiry Activity(new participants, 7 hrs over two days)

This activity is the centerpiece of the new participant experience: all RDiRipants
experience inquiry as learners and re ect critically on this experienéa®d¢hey de-
sign and teach their own activities. The activity has been tailored for the lRDP
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is based on a model from the Exploratorium’s Institute for Inquiry (seénfate 5).
The inquiry begins with three starter demonstrations and brief explorationgaf ey
phenomena involving light and shadows. While these phenomena appessitofie,
they are rich enough to challenge participants with backgrounds ranginglittle to
no optics through optical engineers. Participants generate questiortdfadphenom-
ena, and then form small investigation groups based on common interesi@siiog.
Investigations include cycles of hypothesizing, designing and executpeyiexents,
and devising explanatory models, and are aided by materials and a faciltatdita-
tors do not “teach” in the traditional sense, but guide groups and ingilsdo come to
their own understandings. Participants summarize their investigations andsions
in semi-formal presentations to their peers. Finally, PDP stembers synthesize the
content of the phenomena under investigation.

2009 PDP participants explore light and shadow phenomena.

After completing the inquiry activity, new participants move into the teacher
designer stance with a re ective discussion. They compare the inquimtadco more
traditional labs and in particular consider the diversity of their learninge&pces dur-
ing the inquiry. They also examine how the inquiry activity is structured arititéded,
while retaining learners' ownership over their own knowledge gains.

Some returning participants have special roles in the “Light and Shadowitacti
A few may “shadow” the activity, choosing a focus and closely observiagnlag
and teaching as the activity unfolds. Others may be trained to facilitate theyngnir
intense experience in which they guide their peers. These participantsaatgeddoy
PDP sta and debrief the experience afterward.

Parachutes Inquiry Activity(returning participants, 2.5 hrs)

This activity serves as a quick refresher of inquiry from the learnaxtspective for
returning participants. It diers from the “Light and Shadow Inquiry Activity” in
content, structure, pacing, and emphasis. Participants construct a sempiyte as
a starter and brie y observe this starter parachute to generate inteisfuastions.
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Questions are then communally voiced and charted for the entire grouficifzants
with like interests pair up to investigate parachutes further. They then pi@$em by
demonstrating their parachutes) their understandings to the group, afig ansta
person synthesizes content on parachutes.

Comparing Inquiry Elementdqreturning participants, 1 hr)

Immediately following the “Parachutes Inquiry Activity” there is a re ective alis-
sion. Since returning participants have already experienced the “LighShadow”
activity and taught an inquiry activity of their own design, they are in a positio
compare and contrast the features and components efatit activity designs. This
helps participants see that the “Light and Shadow” model that is presentaeirirrst
year is not the PDP's de nition of inquiry; it is simply an (excellent) exampleaof
inquiry activity. In this discussion participants analyze the pros and consakfng
di erent design choices and varying from that model (usingHbe People Learn
framework as a structure).

Designing Engineering Activitiegreturning participants, 1.75 hrs)

Since PDP teaching venues span science and engineering disciplinespaatgic
focus on ideas in engineering education in this workshop. We begin with a lecture o
engineering skills, highlighting similarities and key érences between engineering
and scienti ¢ processes. Participants then work in small groups to applg tdeas.
They re-design the “Parachutes Inquiry Activity” with an eye towardeiosg one of
these engineering skills: identifying constraints, de ning requirements $oicaessful
solution, brainstorming a diverse set of solutions, and considering tradeachoose
the most appropriate solution to a problem. As participants re-design thétyactiv
they grapple with what it means to engage in an engineering skill, how thersli
from doing “pure science,” and how they would look for students' improent at a
particular engineering skKill.

Preparing to Lead a PDP Design or Facilitation Teaifreturning participants, 1.25

hrs)

Many returning participants will lead inquiry activity Design or Facilitation Teams,
so this workshop is focused on the PDP design process (from which faailita
planning also ows) and our expectations for leaders in our community. Using
concrete examples, participants discuss what does and does not t withidCiRe
Design Task, and why (see algd.1 andx4.3). Participants also consider the social
dynamics of productively leading their peers, discussing common probtaeatisns

and brainstorming strategies for addressing them.

Introduction to Process Skill§new participants, 1.25 hrs)

Participants practice the scienti ¢ processes of hypothesizing, predictirastioning,

and so on, in their daily research lives. However, they may not conidse processes

as discrete skills, and thus may have trouble identifying where learners @agglsig,

or how to help them. In this workshop, participants visit several small hands-on
stations, each of which asks them to perform a simple scienti ¢ task. Partisipaust
then identify a speci ¢ process skill that they are practicing at each stafibis leads

to small-group and later large-group discussions about the process SKilés.goal
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of this workshop (modi ed for the PDP from an Exploratorium Institute foguiry
workshop, see footnote 5) is for participants to view scienti ¢ procesgds more
speci city than a broad construal of “the scienti c method” so that they cappsrt
learners with more speci city as well.

2009 PDP participants perform simple scienti c tasks at@cpss skills station.

Improving Learners' Process Skillgreturning participants, 2 hrs)

In many PDP inquiry designs—even excellent, mature activities—learners may
perform science or engineering reasoning tasks but may not learmngrdve at
science or engineering reasoning skills. In this workshop, small groupstwning
participants consider a problematic skill from a real PDP inquiry designcthad be
improved. They are introduced to two structures that help guide improvementvea mo
from “simple tasks” toward “authentic inquiry” from Chinn & Malhotra (2002nd
the utility of both “generic” and “context-speci ¢” scalds from McNeill & Krajcik
(2009). They then design small interventions or redesign particular comisoofethe
activity to address speci c skills. These revisions are then available for te that
ultimately takes on the (re)design and teaching of that activity design. For omore
this workshop, see Quan et al. (in the Professional Development sectlia wblume).

Addressing Diversity and Equityall participants, 2.5 hrs)

Participants now come together for a series of plenary workshops, rfiegiwith a
focus on diversity and equity in science and engineering. This plenaiysivop starts

with a presentation contrasting demographics of the entire U.S. population with thos
in U.S. science and engineering elds. The under-representationmin@nd minori-

ties is demonstrated, and more complicated topics such as the “leaky pipeline” from
elementary school through college and beyond are discussed. Patkcgra moti-
vated to address these problems in the classroom.

As with theHow People Learrditerature, we draw from social science research,
assigning readings from the “stereotype threat” and “mindset” literatuess refer-
ences at Stroessner & Good 2010, for instance). PDPratambers summarize major
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ndings and lead small-group brainstorms, in which participants suggesegtes for
encouraging inclusive classroom environments in their own teaching aéiically,

we highlight connections between diversgguity and the inquiry model itself, through
a facilitated discussion in which participants consider the ways that the Pzdpsiy

& Equity Focus Areax3.2) is highlighted through the various components of the in-
quiry model.

Sessions within this workshop and relevant outcomes are more fully dedénb
other papers in this volume (Hunter et al., in the Professional Developreetiors,
and Metevier et al., in Research and Evaluation, respectively).

Practicing Backward Desigrall participants, 2 hrs)

In this workshop, we provide participants with a strategy for beginning the nlesig
their own inquiry activity. We point out that most participants' science armgireeering
education has focused on content learning, and we encourage patscipare ect
on the equal importance of reasoning processes both in the inquiry activity the
experienced and in their own research. They read about “backwardtular design:
designing activities not by proceeding forward from materials (e.g., tektholab
equipment), but backward from learning goals (Wiggins & McTighe 200&ptdr 1).
Di erent types of learning goals are presented, and the intertwining ofntcarte
process goals is emphasized. As a warm-up to their own design work jmeamtiswork
in small groups to articulate an example learning goal. Given a broad,gs-6ceused
learning goal (typical of participants' rst attempts at incorporating stiierand/or
engineering processes into designs) and a setting (the “Light and Shaabomwity
that they are familiar with), participants iterate through the backward desaegs.
They “operationalize” the learning goal, making it more speci ¢ and concestehat
learners' progress can be measured. They then tweak the design ofitity aself to
put learners on such a path.

Examining Goals(all participants, 0.75 hrs)

In this session, participants consider éient types and levels of learning goals.
In discussing goal “types”, PDP staseparate out goals in which learners gain an
understanding of scienti ¢ or engineering content, goals in which studeats lgew
reasoning processes, goals in which students learn new technicalakilgoals that

a ect learners' attitudes toward science and engineering. Goals arerfggparated
into “levels” that range from overarching course-level or even institatiayoals,

to goals speci c to an activity, to goals that are speci c to a particular station o
segment of an activity. Participants work together to categorize example thaals
were articulated in previously designed activities, and are encouragecus fm
articulating content- and process-related goals at the activity level as dsayndheir
own activities. This session is intended to stimulate participants to think deeply abo
learning goals and how they are articulated. It is more about gaining qunsgs
through the process of categorization, than about the nal placemegbalf into
each category. For example, a vaguely worded goal is hard to categaz¢hrough
facilitation by PDP sta, participants can see how hard it would be to teach or assess
such a goal (or for a learner to understand what they are suppogatjo
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Assessing Learners' Explanation@&ll participants, 1 hr)

Assessment is an important theme that is woven throughout the PDP, but thghap

is where assessment is most directly highlighted in the PDP intensives. Ptlog to
intensive, participants read an assessment primer that includes bac#tgnéormation
on di erent types of assessment (e.g., formative and summative assessndeot) an
rubrics, which are an important assessment tool. They also read alenti s expla-
nations, and how they are not only an important and authentic scienti dipeadut
are important for learning and applying scienti ¢ concepts, gaining raagaoskills,
and understanding the nature of science. Within this session there is quiekysum-
mary of the readings, leaving time for participants to get practice in applyiraq thky
read to their own activity designs.

Developing a rubric for their activity requires PDP panits to debate and clearly articulate
how exactly their learners might demonstrate their undedings.

As part of their PDP cycle of activities, participants are charged with dewvejop
and using a rubric to assess their students' explanations of their newstart#ings.
To support this work, we give participants a somewhat generic “bagaia;, which
breaks an explanation out into three key components (see the rubric ebdigiC and
x3.3 for references on these ideas): a scienti c or engineering “claire,’etidence
or data that support the claim, and the reasoning or principles that caeeciaim
and evidence. Participants must articulate the kinds of claims they hope to hear
from their students, the speci ¢ data students might invoke to support tlems,
and the reasoning paths students would use to connect the two. Articulatsey the
expectations in advance of their teaching can help PDP participants mecévely
facilitate an activity, pinpointing speci ¢ areas where students may be exgeadlin
need more support. In this session, participants discuss the various fofolgimis”
by considering authentic examples of research projects (drawn framaergraduate
research experience program). Participants also use a strategypselv@ioKrajcik,
McNeill, & Reiser (2008) to de ne “learning performances” that caligfstate how
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knowledge gained by the learners would be used in an explanation orsuileeti c

practice that would demonstrate the learner's understanding. Participsattheir
own activity and work from an important concept that they want their kearmo
understand, and then de ne how a learner would demonstrate their tentdirg
through an explanation that uses evidence to support a claim, and g@pfgopasoning.

Design Team Working TimgDesign Teams only,8 hrs over two days)

Participants spend thBesign Institutein small Design Teams, working on their
inquiry activities for ISEE, AWI, or partner venues. As noted earlierirttask is to
design an activity that simultaneously teaches science and engineeritantcand
processes, while also taking into account diversiuity and other contemporary
education issues. Many returning participants serve as Design Teamrkeassuming
responsibility for driving their teams toward productive design work araathing.
PDP sta work closely with teams to facilitate their progress. Design time at the
Design Institutels fairly unstructured, but is interspersed with sessions that provide
fresh insight into the activity design process. For example, a few retuparticipants
may formally present activity designs they worked on in past PDP cydlgsljdhting
innovative ideas, successes, and areas for improvement. The PIQR fdescess is
further elaborated ir4.3.

A team receives mentoring, feedback, and consultation &&DP sta member.

Facilitation Planning Time (Facilitation Teams only, 4 hrs over two days)
During the Design Institute Facilitation Teams place an emphasis on planning to
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facilitate their activities. As is noted elsewhere in the paper (e.g., previousig.in

and later inx4.4.1), facilitation is a means of teaching in which instructors encourage
students' ownership over their new understandings.ediive facilitation employs a
number of teaching techniques that include careful planning and on-ttseypport

for students. Facilitation Teams generally work on an established activity tkat ha
already been designed through the PDP. DuringDbsign Institute they reconsider
the learning goals of the activity and make decisions about whether orenattivity
needs any re-design. They decide what individual facilitators' roles heliduring

the activity, and how and when they will set the context for each phateedctivity

as they work with their students. Facilitation planning also includes considering
what knowledge students should be able to demonstrate during each qfhtee
activity, and how best to support students who may need guidance. Ttlizsiy

tied to the Facilitation Teams' assessment planning: during inquiry investigations
facilitators engage in informal dialogues with their students and can gaugenstud
understandings from their explanations of their work. By articulating iy want
their students to be able to explain (e.g., through development of their explanatio
rubrics), facilitators can better plan to support students aeréint stages in their
learning.

Special Projectgmulti-year returners only)

In 2010, we implemented a new “Special Projects” strand of the PDP. Thisdstvas
designed to engage participants who have returned to the PDP for sgearsland
may not greatly bene t from participating in a given set of workshops &og., the
fourth time, but still have a great deal to contribute to, and gain from, the ¢tibi?
munity. The Special Projects strand consists of fairly loose working time peessd
with speci ¢ readings and discussions, often led by one of the advareidipants
themselves. Special Projects participants are required to de ne andlué#aprojects
with the PDP Director in advance of the 4.5-day combined intensive. Some of
the projects participants worked on in the most recent cycle included gévelo
outlines for new scenarios and discussions about diversity and egslisisadapting
PDP-designed activities and teaching models to formal course settinggjraicdlcm
development on scales larger than individual inquiry activities.

Community Sharing of Progres&ll participants, several hours interspersed over sev-
eral days)

During the 4.5-day combined intensives, we intersperse severaltopjis for partic-
ipants to share their work on their activity designs, facilitation plans, or spacigcts.
Community sharing within the PDP serves many purposes. Participants aezlpasad
held accountable, to make progress; stan evaluate progress of individual teams as
well as the entire cohort; and the entire community gains an awareness of pne-its
cesses and products. In the most recent cycle, we included one-masiée fpops” at
the beginning of the intensives in which team leaders and Special Progtitsgants
gave brief descriptions of their activities and projects. These participgutsted the
community on their progress in later poster pops, and then, toward the endmutethe
sives, we held a more formal poster session. The latter session was |¢okebyeam
members, giving them a chance to describe the activity they were workinglole,
giving team leaders an opportunity to look more closely at other teams' work.
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A PDP team reports to the rest of the community on their idedspaogress.

The 4.5-day combined intensive ends with a community celebration. The health
and development of our community is enormously important, and is supported by
informal meals, dierent ways of mixing participants during workshops, and the

retreat-like setting of the intensives. The nal celebration is an occasipe&voring
new and renewed friendships and collaborations.

Facilitating Learners Engaged in Inquiry( half day)
Teams with activity designs that are more eshed-out and closer to beingtthagh

gin to focus their attention on the teaching and facilitation of their activities. In a

short sequence of workshops, participants role-play common scerhabthey may
encounter, such as working with learners who are “stuck,” who areimoed of a mis-
conception, who “get it” early, and so on. Participants also discuss theiamoe of
context-setting and giving clear directions, and have dedicated time to plandtiks
cal (but too often overlooked) transitional elements. They discusslangean the craft
of facilitation (Institute for Inquiry 2005), in particular facilitation's emphaseis for-

mative assessment, on intervening appropriately, on helping learnersthkingath
without depriving them of their ownership, and on attending to learnecsbimterac-
tions and needs.

4.3. Inquiry Activity Design

The structure of the intensives provides participants with an opportunityperiexce
inquiry, re ect on that experience, and begin to put what they haveézhinto practice
by beginning the activity design process. PDP participants are supportieid & ort
through a variety of means, including workshops and sessions within theiuggrihe
leadership of experienced returning participants, and design toolswuadgange from
PDP sta.





































































