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Infusing Engineering Conceptsinto Science: Findingsfrom a Pilot Test
Professional Development Project (Resear ch-to-Practice)

Addressing the NGSS: Supporting K-12 Teachers mirtgering Pedagogy and
Engineering-Science Connections

With the publication ofA Framework for K-12 Science Education® and the creation of tHdext
Generation Science Sandards® (NGSS) soon thereafter, engineering practicesdisuiplinary
core ideas are being adopted as important compeoéR-12 science education. Engineering
elements are included in the Science and Engingéiactices, Disciplinary Core Ideas, and
Crosscutting Concepts sections of the NGSS. Thadigi@ns bring about the need for
curriculum changes to incorporate engineering aadter professional development to prepare
science teachers to integrate this new contenodezing these challenges, the project team
working on a National Science Foundation fundect®iery Research in K-12 projecProject
Infuse, has been investigating how to infuse ergging concepts into science through an
innovative approach to professional developmertithangineering concept-driven.

A concept-driven approach to professional develagngegrounded in cognitive science and
teacher professional development research. Cogrstilence research indicates that conceptual
understanding is necessary for situating infornrmatemntent, and ideas into a particular context,
for example engineering into science. Conceptsigeokearners with the components needed to
create a connected web of knowledge, allowing larto apply what they have learned to new
situations and learn related informatioRrom an instructional standpoint, concepts prewd
way to organize knowledge into meaningful instroigti In addition, research indicates that
professional development should take into accaeathers’ conceptions of teaching and of the
learning process and allow for active learning eefctive participation ® ”. Engaging in
activities oriented around the engineering concaptsreflecting on students’ learning of these
concepts are the underpinning elements of the gitejeacher professional development
approach.

The current project stems from the principal inkggbrs’ research on engineering teacher
professional developmént' 1% ' Case studies of five prominent teacher profession
development projects focused on engineering educatere conducted, with one of the primary
findings being a distinct lack of grounding in a@emtified engineering concept base. One of the
most alarming aspects of this void was teacheediility to reflect on what they were learning
related to engineering, apart from a vague undeugig of the engineering design process.
Without a clear understanding of core engineermgent and concepts, the connection to
student learning is tenuous at best. This void peseous problems for high quality curriculum
and professional development as has been documierntsel science and mathematics teacher
professional development literattfré® As the National Academy of Engineering Commitiee
K-12 Engineering Education observed, a “criticaitfa is whether teachers—from elementary
generalists to middle school and high school sfistsa—understand basic engineering concepts
and are comfortable engaging in, and teaching neeging desigr™.

" This material is based on work supported by théddat Science Foundation Under Grant No. 1158615
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In addition to aligning with the cognitive sciermed teacher professional development research,
an engineering concept driven approach to teaaioéegsional development provides a common
basis for teachers to define and understand engnged he concepts also provide a point of
comparison to differentiate engineering from sceernd perhaps most importantly,
engineering concepts provide entry points for timlusion into the existing science curriculum.
Thus thedevelopment of a conceptual foundation has bedéairio every aspect of the project,
grounding the research and activities, includirggifate planning, instrumentation development,
research design and project evaluation. Duringritiel stage of the project, a systematic
process was developed for identifying a set of emgineering concepts appropriate for
secondary level education. This involved engagiitg the literature to identify, refine, and
define the concepts. Four primary concepts (anecenbepts) emerged as the primary focus of
the teacher professional development. These coneept

» Design (constraints, tradeoffs, optimization, ptgping)

* Analysis (life-cycle, cost-benefit, risk)

» Systems (structure, functions, interrelationships)

* Modeling (visualization, prototyping, mathematicabdels

Project Goals and Resear ch Questions

Broadly stated, the goals of the project are toeustdnd how science teachers learn engineering
concepts through a concept-based professional@@weint program and to examine the
implementation issues and problems encountereddohers as they incorporate engineering
concepts into standards-based curricula and irtginat activities. A set of seven research
guestions have been developed to address these §bake are:

1. What experiences and techniques are effectiveripraving science teachers’
understanding of engineering concepts through tbfegsional development process?

2. What gains can be achieved in science teachergratahdings of engineering concepts
as a result of using the Project Infuse professideaelopment model?

3. What experiences and techniques are effectiveablamy science teachers to infuse
engineering concepts into their curricula?

4. Is there a relationship between teachers’ undedstga of engineering concepts and their
willingness and perceived ability to infuse engiieg into science lessons?

5. To what extent does engagement with engineeringeqia and engineering infused
science lessons enhance science teachers’ sefipsttainderstanding of science
concepts?

6. How do teachers’ stages of concern about includimgjneering concepts in their
instruction evolve during professional developmeamd classroom implementation?

7. What are the differences and similarities in liéeeace and physical science teachers’
understandings of engineering concepts, theirtghidiinfuse engineering concepts into
their science lessons, and progress through tgesstaf concern?

Resear ch Design
The research component of Project Infuse has baieled)by a mixed method research design.

The purpose of the research is to better undersheneffectiveness of an engineering concept-
based approach to professional development. Bffutiss is defined in relation to the project’s
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research questions and includes changes in teadneeystanding of engineering concepts,
their understanding of science concepts, and toeicerns about infusion. An Engineering
Concept Assessment has been developed as paet iisharch study to measure teachers’
understanding of the four engineering conceptsifedtin the project. Understanding of science
concepts is measured through existing instrumesed by each lead trainer in relation to a
discipline-specific curriculum. The Stages of Camc®uestionnaire has been used to document
teachers’ feelings about infusiGnA key component of the design consists of a coatje
analysis of two disciplinary areas of science: siléeence and physical science.

A longitudinal design has been utilized to docuntbeteffectiveness of the program over time.
Pre data were collected for all measures at thanbeg of the professional development in
summer 2012. Short-term impact data were collegtettachers’ understanding of engineering
and science concepts at the end of the first summagtute (also in summer 2012). Engineering
understanding data were collected again at theoktite second summer institute in 2013 to
document longer-term changes.

Results from these instruments were then alignéll key components of the project’s
implementation to answer the research questionth Ve benefit of a pilot test cohort of
teachers, the project team has deployed an iterptcess including data collection and analysis
protocols in alignment with the design and develeptrof the professional development
activities. The professional development activitiese collectively developed and tested during
the two year pilot phase and included the engingeroncept identification and refinement
process, instrumentation development and identiinadesigning and delivering two summer
professional development institutes, engaging teacim a process of infusing science lessons
with engineering concepts, and a school year impigation component. Taken together, the
research data will contribute toward a holistic emstianding of the teachers’ learning processes
of the engineering concepts and the impact ofuhderstanding on teaching.

Participants

The pilot phase of the project was designed farsm teachers with some previous engagement
with engineering so as to help inform the developinoé the professional development approach
and activities. Limited numbers of technology andieeering teachers were also recruited for
participation during the pilot phase of the projecbrder to examine the possible positive

impact of these teachers on the professional dpredat model. The physical science institute
had 11 teachers (10 physical science and 1 tecgyélengineering education) while the life
science institute had 10 teachers (7 life sciemck3atechnology & engineering education). Pilot
teachers participated in two summer institutesyelsas professional development during the
school year. Each summer institute was two weeksnigth.

Professional Development M odel

Throughout the pilot phase of the project, a setanéfully selected activities were developed
and tested in a preliminary attempt to developféecteve professional development engineering
infusion model that can be assessed and replicahebe activities were designed to correspond
with the existing STEM professional developmergrbture and deliver on the research
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guestions. Given the research-based focus of thjeqty we refer to these activities collectively
as an “Engineering Infusion Professional Developni@aatment”. The key elements of this
treatment are described in this section. A table of elemantdemented during each year of the
two-year treatment is presented in Table 1. Thgtleof time recommended for each element is
also included.

Table 1.

Engineering infusion professional development el ements

Professional Development Elements Year 1 Year 2 Recommended Time
Overview: engineering concepts and design loop ¥ 2 hours
Design challenges ¥ 3.5 hours
Venn diagrams: science and engineering concepts ] 2.5 hours
Case studies ¥ 2.5 hours
Completion of model module ¥ 24 hours
Reflection discussion: the infusion process ¥ 2 hours
School year planning ¥ 2 hours
NGSS discussion ¥ ¥i 1 hour (Y1)

1 hour (Y2)
Data collection for research/evaluation ¥4 k] 4 hours total (Y1)

3 hours total (Y2)

Daily reflections ¥4 k] .25 hours/day
Reflection discussion: video lessons 1 6 hours
Lesson critique 1 6 hours
Group-based infused lesson development % 6 hours
Student assessment discussion % 1 hour
Individual lesson development | 12 hours
Concept mapping | 2 hours
Implementation issues discussion | 2 hours
Reflective summative discussion | .5 hours

Teacher engagement with the conceptual base. Developing the teachers’ understanding of the
four engineering concepts began with a review ascudsion of the four concepts, identified by
the project team. Teachers also read additiondgsaand information on K-12 STEM
education and engaged in group discussions reggptidéarticles. Additional activities included
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teachers’ creation of individual concept maps fugieeering design at the beginning and end of
the first institute, watching a video of the despyocess in actio(Deep Dive), and ongoing
discussions of the engineering concepts. Teaclsysampleted several design challenges
which familiarized them with the engineering despgacess. Early in the development phase,
the project team identified the need to develogd defined standard-type statements and
performance expectations aligned with the four eeling concepts. A document called the
Project Definitions, Sandards, and Performance Expectations document provided the project
team and teachers a common basis for understaadgigeering throughout these activities,
enabling the teachers to infuse the engineeringegas into their curriculum. This document
was valued by several of the teachers as a guidelpothe development of their own infused
lessons.

In addition, the teachers created Venn diagramedoh of the four engineering concepts,
comparing the similarities and differences of sceeand engineering concepts. Below is an
example from the cohort of physics teachers. Gthahthese four terms are used in both
engineering and science, the project team reattzaddistinctions should be made apparent to
the teachers and their students to help them heattdgrstand both the terms and the context in
which they are applied. To do this, the teachatsmofessional development providers created
Venn diagrams to show how each term is used imeeging, in science, and where there is
overlap. The Venn diagrams were developed withe¢hehers and should be considered
preliminary in nature. They are presented heragaré 1 in a linear format for ease of reading.

Figure 1.
Venn diagrams for design, analysis, models and systems
DESIGN

1. SCIENCE
a. Design an experiment.
b. Knowledge for knowledge sake (not product driven).
c. Generalization.
d. Design experiment—  Predict results.

2. ENGINEERING
a. Purposeful —> End result is a product.
b. Within defined criteria.
c. Optimization.

3. SCIENCE AND ENGINEERING
a. Methodical-Iterative.
b. Build models.
c. Data driven
d. Collaborative.

ANALYSIS
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. SCIENCE

Staring with the simplest case and trying to gdiera
Laws and theories first and last.

Impartial and objective criteria.

Answering a question just to know the answer.

apop

ENGINEERING
a. Clear purpose—>  specific case or product.
b. (Material, measurements, constraints)

¥

(Laws and theories)

|

(Make it work)
c. Subjective and objective criteria.
d. Answering a question to make the product work.

. SCIENCE AND ENGINEERING

a. lterative to define.
b. Data driven.
c. How and why things happen.

MODELS

. SCIENCE

a. Scientists create unified universal models.
b. Strive for simple models.

ENGINEERING
a. Engineers create specific models for each design.
b. Models are used for optimization.

. SCIENCE AND ENGINEERING

a. Models change the way we think.
b. Used for communication and explanatory understandin
c. Models have limitations.

SYSTEMS

. SCIENCE

a. Scientists choose system boundaries.
b. ldealization.
c. Descriptive.
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2. ENGINEERING
a. Engineering constraints dictate system boundaries.
b. Always practical [solution-serving].
c. Modularity.

3. SCIENCE AND ENGINEERING
a. Account for interrelationships among components.
b. Systems work together.

Concept mapping. The goals of the concept mapping process we(®) tiacilitate the teachers’
conceptual understanding of engineering concepislation to each other, and (b) to provide
evidence to the project team of the teachers’ wgtdedings of the concepts. The use of concept
mapping is based on the premise that developinglrepresentations of conceptual
understandings facilitates and deepens the levadmdeptual developmetft 1 *® The process
included providing teachers with sample conceptsi{@pth non-engineering content) to
facilitate their understanding of how maps can trafigured and a list of possible concepts that
they could include at their discretion. In additiondeveloping the graphic representations of the
interrelationships between concepts, the processiatluded a debriefing protocol whereby the
teachers explained the rationale for their conoggghping decisions.

Innovation Configuration (IC) Mapping. Based on the Concerns Based Adoption Md4éf, an
innovation configuration map (IC Map) was developgdhe project team to describe what
engineering infused science should look like indl@ssroom. Innovation Configurations
describe an innovation in action along a contindrom high-quality implementation to least
desirable practicés An IC Map is developed to provide “word pictures”’how the innovation

is being put into action by describing the diffdrearms that an innovation might take when
being implemented. For the purpose of the cumperject, the innovation was defined as “using
engineering concepts to teach science.” The prejctMap includes three dimensions: (a)
curriculum materials, (b) teacher practices assediaith design, and (c) teacher practices
associated with engagement of engineering concéptd dimension contains a number of
components with a range of descriptions that cansleel to document the component’s
implementation from ideal to nonexistent. Each l@femplementation is described in terms of
observable teacher behavior. The pilot test teadhelped refine the project’s IC map during the
second summer institute.

Case Sudies. Five engineering case studies were developeddage the teachers with the core
concepts in authentic contexts. These includedisieeand fall of a medical device design
company, analysis of a Frank Lloyd Wright desigepkar design device for a third world
country, plasma gasification of waste, and engagémih the Maker movement. Each case
study included probing discussion questions designengage the teachers with selected
engineering concepts. The case studies were intladearious points across the two weeks of
the first summer institute.

Directed mentoring and assessment of design based activities. During the second summer
institute, an experienced secondary level techryodalyication teacher was commissioned to
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conduct a session on assessing applied enginesgiivifies. This individual has had extensive
experience with curriculum development and assessarms is also an experienced mechanical
engineer. This component of the institute was tineecbincide with the infused engineering
curriculum development process.

During the second summer institute, the same teache had been commissioned to assist the
teachers with assessment development was also asiomed to attend and assist the physics
teachers with their infused lesson development. @iee project’s Pls, an engineer with
experience with life sciences curriculum developtmserved a similar role with the life sciences
cohort. As engineers and experienced teachersrafespional developers, these individuals
were uniquely positioned to provide guidance am@sdfor how to craft science lessons to
include core engineering concepts in engaging andviative ways.

Curriculum Infusion Activities. A central element of the professional developnpeatess has
consisted of engaging the teachers, in a varietyayfs, with engineering infused lessons. The
premise of involvement with curriculum has been thprovides learners with a platform for an
active and engaged arena for applying the concepasa. In short, given the inherent applied
nature of engineering, it makes sense to engagedabers in engaging and authentic
applications of the concepts. Broadly stated, tioegss involved moving from engagement with
an existing engineering infused module (duringfitst summer institute) to the infusion of an
existing science lesson with engineering conceisr{g the second summer institute).

During the first summer institute, the teachersenargaged as learners with an intact
engineering infused curriculum module. Working mups, the life science cohort used an algae
farm development activity while the physics cohgsed an infused energy audit unit of
instruction. Throughout the lesson implementattbry were encouraged to reflect on ways in
which the core engineering concepts were woverutiirout the module. Subsequent to the
implementation of the model activity, the teacham/ed on to the development of a draft of an
infused lesson based on what they had learnedghriheir engagement with the infused
module. One significant challenge of this proceas to first identify appropriate science
topics/lesson ideas that could be infused witheegyiing concepts. As might be expected, this
selection process proved to be more challenginthifife science teachers since many bio-
related engineering activities are exceptionalljptex, expensive and require knowledge
beyond the secondary school level. Once the tdesssin ideas were identified, the teachers
worked in groups to develop and present draft legdans. During the school year following the
first summer institute, the teachers engaged guogénce students in one of the engineering
infused lessons that they had used or developedgitire institute. The lessons were video-
taped for use as reflective analytical tools dutimgsecond summer institute.

During the second summer institute, the teachegarbwiith a critique of an existing engineering
infused curriculum module. A set of guided questiaras used to focus their analysis including
such things as identifying the infused engineedogcepts, the perceived effectiveness of their
use, and ways in which the engineering facilitatellearning of the science.

They then moved on to develop an infused lessemiall groups to share with the whole group.
The goal was to develop an infused lesson thatldoelldelivered to students during the school
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year and was designed to build on a base of kn@elathout engineering infusion developed
during the first year. Examples for the life sciesincluded creating a soap-based biological
detergent that is effective at removing oil, gelafind grass stains; and developing a self-
watering device to maintain a moderate moisturellear a medium-size house plant for 5 days.
The physics group designed and tested a fuse feleatrical circuit and designed an experiment
to determine and compare the power consumptioretiimiency of three systems that could be
used to heat water. The final step of the curricukngagement process involved infusing a
lesson that they had been delivering on a regualsistwith engineering concepts. The
culminating activity during the second summer tu$é consisted of presenting the lessons to
their colleagues in preparation for delivering gsons to their students during the school year.

School year professional development sessions. The professional development extended
throughout the school year with activities incluglthe implementation of the engineering
concept-infused unit, observations and responsesflextion questions base on this
implementation, and face-to-face professional dguakent meetings. The teachers developed
implementation plans during the summer institutegecify when they would implement the
engineering concept-infused units. Each teacherastasd to video record an approximately
one-hour lesson that was more teacher-centeredxamdplified a focus on the engineering
concepts. These videos were used as a learninguooly the second summer institute. In
addition to the implementation of the engineerinfytsed units, the teachers were engaged in
approximately 8 hours of face-to-face professiatealelopment with the institute leaders during
the school year. The primary goal of these workshegs to debrief the implementation of the
engineering-infused module and learn from the otd&chers’ experiences, sharing insights and
discussing challenges. Two of the project’s Plsantaster engineering and technology teacher
led two hours of the professional development &mhegroup of teachers.

Discussion of NextGen Standards (NGSS). At various points throughout the institute, thadhers
were engaged in discussions of the NGSS includhag structure, content and organization.
The goals of this component were to examine hovineeging is included in a selected standard,
to explore the extent to which the emphasis ilNESS aligns with the four engineering
concepts and reflect on the extent to which the 8@G&n deliver on its reasons for including
engineering in the Standards.

| mplementation issues activity. This session, conducted during the second surmsigiute, was
designed to facilitate a discussion of obstaclemfementing engineering concepts into science
classes. Teachers were asked to rate and commeachrof the following implementation
barriers:
» Keeping the focus on concepts (engineering anchse)erather than on activities.
* Interdisciplinary issues associated with gettiragteers to work together across the
STEM disciplines.
» Challenges associated with implementing the engim@eomponent of the NGSS
including the assessment of those components.
* Availability of curriculum materials designed tcclnde engineering kinds of
challenges into science lessons.
» School politics including helping key decision mek® understand the value of
including engineering and other authentic expeesnnto the science curriculum.
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» Awareness of resources, professional developmerdramities, workshops, etc.
designed to help science teachers prepare to meuadineering concepts and
activities into their lessons.

Preliminary Findings and Observations

Participant Level Outcomes. A variety of data were collected in conjunctiontwihe summer
institutes. Quantitative data included the Engimge€oncept Assessment (ECA) and the
science knowledge inventory. We also collectedsuntial amount of qualitative data
including concept maps, observational data (inwoeetjon with the External Evaluator), the
Stages of Concern (SoQ) data, an in-depth, enthstitute questionnaire, and daily feedback
reflections. Based on an analysis of these daggpithject team has identified several significant
impressions based on the work conducted to thistpibiis important to acknowledge that these
are preliminary observations and impressions bagsgullot phase implementation with a small
sample of teachers.

Based on the interactions and observations thdtave had with the teachers, they have been
quite receptive to including engineering into thegirence instruction. This has generally been
true of both groups of teachers although enginggegmminology and approaches appear to be
more natural for the physical science teachers /ostent has traditionally been more closely
connected and applicable to engineering. Whilditbescience teachers have been receptive and
engaged, appropriate engineering design actiatiése secondary level have been much more
difficult to identify. We suspect that this issuél\persist as curriculum specialists work to
incorporate the engineering dimension into thedd®nce components of the NGSS. This said,
it should be noted that the engineering infusiarcpss into lessons was much easier for the
teachers due to their experiences during they@at. They were better equipped to identify
appropriate science lessons and were more adegftihg the lessons as design challenges
infused with engineering concepts.

It is important to acknowledge that the study teedeutstanding teachers for the pilot phase of
the project, many of whom have had some previopssxe to engineering. We anticipate that
it may be more challenging to engage teachers valie ho previous engineering exposure in the
full cohort implementation. We also need to not th spite of the receptivity, the teachers’
overall level of conceptual sophistication with #r&gineering concepts was in its early stages.
While they have become relatively adept at usirgjrexering terminology, our impression is that
several teachers continued to struggle with infyigingineering concepts and approaches into
their science lesson planning. The inclusion ofieggying and technology education teachers in
the pilot cohort was particularly helpful for thlogy teachers as they navigated the
engineering content. We anticipate that the IC mglde a valuable tool for the teachers as they
continue to reflect on what makes a high qualihgieeering-infused science. Although there
was a significant gap between what we observedgdihe school year implementations and the
“ideal” implementation described in the IC Map stié not surprising as our understandings of
engineering infusion evolved with the teacherdiahiattempts at implementation.

Modest gains in science content knowledge werectitdrom pre- to post-testing for both
cohorts (3.7 percentage point gain for the phygrosip and a 3.3 percentage point gain for the
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life sciences group). This outcome was somewhatpewed since science content instruction
was secondary to our primary focus on engineeromgeptual understanding. The engagement
with the engineering-infused modules did, howegentain some new science content and/or
content situated within a new design-based conliextay be that they obtained a more in-depth
understanding of some science concepts as a césblt connection to engineering. We will
continue to probe this dynamic throughout the rewheai of the project.

Modest gains were also detected in engineeringegariciowledge from pre to post for both
cohorts (4.7 percentage point gain for the phygrosip and a 4.8 percentage point gain for the
life sciences group). The largest gains were wiver teachers (with 2-4 years of teaching
experience) and teachers with minimal engineerakfround. Teachers with engineering
backgrounds (e.g., engineering degrees and engigdechnology education degrees), as
anticipated, had smaller gains. However, giverstheng emphasis on engineering concepts
throughout the institutes, this modest outcome seasewhat disappointing. Our post-institute
item analysis of the ECA detected problems witluaber of the items. Given the potential for
the instrument’s importance for the project andeptial wide-spread use by science education
following the project, we have invested substamtiatk into major revisions to the instrument
during the pilot phase of the project.

Project Level Outcomes and Challenges

Challenges associated with maintaining a focus on conceptual learning while engaged in active
learning. Maintaining student focus on conceptual learmuige engaged in active learning
exercises is a pedagogical challenge for teachssstudents new to engineering become
immersed in an open-ended design challenge, timelyttefocus on “building and doing” rather
than “planning and thinking”. As a result, theiaetlearning exercise becomes a “fun activity”
rather than a rigorous exercise that deepens ctaraidparning. Even in science classrooms, it is
common for students to lose sight of the scientifincepts that are central to the design
challenge and rely on trial and error methodologatiser than a systematic engineering design
cycle with design decisions grounded in scienceargineering concepts. This challenge was
one motivating factor behind the creation of theM@ps. Pedagogical practices that promote
student focus on science and engineering conceletaraing comprise a large section of the IC
Map developed by the project team. In this instatiee= IC Map may serve as a reference
resource for implementation of engineering desijused science lessons.

Value of IC mapping tool and process as PD tool. Because many science teachers are
inexperienced with engineering, they do not has&g@ng sense of what engineering infusion
“looks like” in a classroom and are therefore uaclgbout what they are being asked to do.
Furthermore, they have little basis for distinginghstrong versus poor classroom enactment
and struggle to know how to adjust their pedagdgicactices. This is particularly true for the
enactment of open-ended engineering design chaltetigit require the teacher to take on the
role of “coach”. To bridge this gap in understargdand as indicated earlier, the project team
developed an Innovation Configuration Map (IC Map).

The IC Map is being used as a tool for professioeaklopment in several ways. It serves as a
basis for discussion of pedagogical practices yyihg teachers better understand the link
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between teacher actions and desired student legoeimaviors. The IC Map is also as a guide
for teachers during lesson enactment and servasams for self-assessment and reflection.
Once teachers have used the IC Map in the classitheyare provided the opportunity to
provide feedback on the structure and contentefiiap. The IC Map is therefore a living
document that is revised and refined as teachénsegperience and expertise in the
implementation of engineering concepts. This coment is critical to the creation of a strong
map and helps to ensure teacher buy-in for usieeotaol.

Value of lesson development as a mechanism for developing conceptual understandings. Lesson
development can be a powerful tool for deepenimgeptual understanding. Through the pilot
summer institutes, the project team observed teéadieoming more comfortable with
engineering concepts and the idea of implementingineering infused lessons. While most
teachers will not go on to become curriculum depets, many will adjust or modify existing
lessons in an effort to increase efficacy and stutkarning. Exercises during the summer
institutes wherein teachers infused engineering éxisting science lessons allowed teachers to
practice lesson modification and provided an opputy to deepen learning of engineering
concepts. In order to infuse a science lessam &vigineering concepts, the teacher must ask
and answer a number of inherent questions. Thstigne that emerge naturally from the lesson
development activity can be used to provide “justiine” learning to teachers about more
fundamental questions pertaining to the infusioerjineering concepts into science (see Table
2). This inquiry-based approach allows teachetsaie a concrete example while “discovering”
answers to fundamental questions of lesson design.

Table 2.

Example questions that emerged from lesson infusion activities.

Practical Teacher Question Fundamental Question
Which lesson or set of lessons should |  What are the attributes of lessons that “lend tledwves” to
choose for infusion? engineering concept infusion?

What engineering concepts should be How do specific engineering concepts align wittoeerlap
infused in the chosen lesson? science concepts? Where are the natural syndrgteeen the
two?

How long will the lesson take now that  How does engineering concept infusion impact howetis
engineering concepts are infused? managed in the classroom? How do classroom timstiints
impact the ways in which engineering concepts @aimfused?

How do | write a design challenge? What are thébates of a well-written design challenge?
How can a design challenge be assessed for quality?

How do | change an inquiry activity into a What are the similarities and differences betwesensific
design activity? inquiry and engineering design?

Difficulty associated with under standing engineering infusion process. A particular challenge of
the project has been the development of an engigei@fusion process. The integration of
engineering concepts into science teaching is kaaeaew undertaking, one that has not been
well-researched or documented to guide currenttsfféVhile working with the pilot test
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teachers it was clear that teachers would berrefit 2 standard definition of infusion, as well as
a series of steps to use when trying to infuseragging content into science lessons. The
project team has attempted to formalize this possrking with the pilot test teachers to
identify key components. However given the var@tgontent taught within biology and
physics, it has been challenging to identify a fakprocess for infusing the engineering
concepts. The project team has identified commemehts from each group of pilot test
teachers (biology and physics) but these have etatgalesced into a checklist or process. One
group of teachers created a document to outlinefhision process during the final summer
institute that will serve as a starting place faafting a checklist in the future stages of the
project. With some specific considerations to failahe IC Map could then be used to provide
nuanced detail related to creating high qualitysefd materials and using ideal teaching
practices during implementation.

Evaluation Outcomes

In addition to the research study associated wighproject, the external evaluation has also
resulted in additional outcomes that are pertinenie pilot test portion of the project. Methods
have included observation of both the professidieaklopment and classroom implementations,
feedback surveys with teachers and project adyisoibteacher interviews. Two evaluation
goals are of particular interest for the currermigraThe evaluation was expected to: (1) ensure
that the outputs and outcomes of the project angidered valuable, and (2) ensure that the
project is making satisfactory progress towardydals.

The value of the project to teachers has been dewcted via surveys and interviews conducted
throughout the project. Teachers have providedistent and positive feedback about the
training received through Project Infuse. For exEm@3% of teachers reported that the 2013
training met or exceeded their expectations. Evanaesults also indicate that teachers have a
deep appreciation of engineering and the valuafaking engineering into science classrooms.
They believe infused lessons offer stronger realdvaonnections for students and that students
are more engaged during infused lessons. Eveaeadhers are concerned about the amount of
time it takes to both create and implement infusedons. Time was the top-cited challenge by
teachers at the end of each summer institute.

Teachers also believe that the professional dexwsop has improved their own teaching
practice, and summative evaluation results confirewvalue of the experience in relation to
teacher knowledge and practices. A series of ne¢icis/e-pre items documented statistically
significant increases in teachers’ self-reporteovidedge of engineering content and their ability
to integrate engineering into their teaching prati

To document the extent to which the project teamagking satisfactory progress toward its
goals, the evaluation has tracked both the suadessipletion of project deliverables and
teachers’ implementation of infused lessons inctassroom. Earlier sections of this paper
document the research team’s success in creatingetiverables, and so we focus here on
teacher implementation results. All pilot teacherplemented at least one infused lesson/unit
during the 2012-2013 year and some went beyondcgagpens to implement additional infused
lessons as well. As a result, the amount of tinegélachers spent integrating content from
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outside their primary discipline into the classromereased. The objectives of teachers’
lessons, for example, shifted to reflect the go&lhe project, with a sub-set of teachers adding
learning goals from outside their primary discipli@s an explicit focus of their teaching. The
majority of the science lessons observed in 20123 20atured the use of engineering concepts,
terminology, and/or design activities. Many (if radt) of these topics and activities reflected a
new approach to teaching.

A common trend in both the professional developnagwt classroom implementations has been
the prioritization of the concept design abovedtieer engineering concepts. For example, the
summer institutes have focused on this conceptaatgr depth compared to the remaining
concepts. Teachers also reported they had thesetisie identifying with design and thinking
about design in relation to their curriculum, witB% of Physics teachers and 100% of Biology
teachers naming design as the concept that woulkl best with their curriculum. Finally, the

IC Map also prioritizes design by including a coment that requires a design challenge in
order for an implementation to be scored.

Conclusion

This paper described the results from a pilotaésttwo year professional development program
focused on infusing engineering into biology angigits at the secondary level. The project
research team has been investigating how to irdngaeering concepts into science given the
time, resource, and curricular constraints of stkagironments. Specific implementation
issues have been identified as important as teaah@vrporate engineering concepts into their
instruction. The outcomes and issues that have ideetified have provided the necessary
feedback to inform the full implementation with thext cohort of teachers. During the next two
years physics and biology teachers will be recduiteparticipate in the project’s professional
development. Based on this second iteration, furigfeémement to the project’s professional
development design and assessments will be cordiuidte targeted outcomes of the project
that will be disseminated include an engineeringcept infusion professional development
model, the Engineering Concept Assessment, anaieaging infusion innovation configuration
maps. The hope is that these outcomes will hefrmnfthe implementation of engineering into
science as articulated by the NGSS and other socinagents.
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