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Creativity and Innovation:
Core Capabilities for 6 — 12 Engineering Teachers

Postsecondary engineering programs seek students that are prepared, capable,
diverse, and informed about the creative field known as engineering. In order to
achieve these goals, it is critical that the education of 6 — 12 engineering teachers
be “reengineered” to reflect the core capabilities of creativity and innovation
rather than the traditional focus on discipline specific knowledge. The Education
for Teaching Innovation, Design, and Engineering (ETIDE) program proposes a
creativity and innovation-based program that utilizes design and technological
literacy as the core elements for teacher preparation. The ETIDE program focuses
on developing well-prepared innovation, design, and engineering teachers for 6 —
12 programs and classrooms. Current teacher preparation programs focus on
project-based learning, more mathematics and science, or teaching the
engineering common body of knowledge. Negligible attention is paid to the
development of students’ creativity and innovation capabilities. The ETIDE
program organizes program content around the following courses; (1)
Introduction to 3D Design and Modeling, (2) The Designed World, (3) Systems of
Technology, (4) Communications in Technology, (5) Artificial Science, (6)
Control Systems, (7) Invention, Innovation, and Design, (8) Industrial Design, (9)
Prototyping and Simulation, (10) Human-Centered Design, (11) Technological
Research and Development, (12) Teaching Skills for Design and Innovation, and
(11) Design and Innovation Studio.



Scene: The Time Machine, by H.G. Wells, directed by George Pal (1960).
George, the scientist and time traveler, returns from the future and has explained to his
friends the battle between the Eloi and the Morlocks. Failing to convince them, George
returns to the future in the time machine, and ...

David, George’s friend: It's not like George to return empty-handed. To try to rebuild a
civilization without a plan.

David: He must have taken something with him.

Housekeeper: Nothing.... Except three books.

David: Which three books?

Housekeeper: I don't know. Is it important?

David: [ suppose not. Only......which three would you have taken?

This scene from The Time Machine captures the essence of education, and in particular, teacher
education. Our goal, as teachers and teacher educators, is to build civilizations. The question we
continually ask is: “What knowledge merits inclusion in our plans to build new worlds, new
civilizations, and new tomorrows?” As it relates to engineering we should ask, what engineering
knowledge do we consider robust; essential across time, geography, culture, and discipline and
ought to be included in 6 — 12 engineering education. Specifically, we might ask, what should
teacher education programs concentrate on to prepare teachers who will be able to guide students
into design-based, creative professions, such as engineering? The author’s suggestion is that the
most essential component of 6 — 12 engineering education must be the development of
imagination, innovation, inventiveness, and ingenuity capabilities.

The purpose of this paper is to suggest that the hypothetical courses listed in Table 1 would
provide a radically better organizational and pedagogical structure for educating 6 — 12
innovation, design, and engineering teachers. This program challenges the prevalent
conceptualization that engineering is exclusively focused on the application of mathematics and
science to solve problems and that the best way to prepare future engineers is to provide them
with MORE mathematics and science, while excluding the imaginative and creative capabilities
of our children.

In addition, the author postulates that a focus on the creative elements of design, innovation, and
engineering education may help students persist through postsecondary engineering programs.
This program of study is in contrast to the relatively few pre-service engineering teacher
preparation programs, which typically represent adaptations of traditional technology education
teacher preparation programs. Traditional technology education programs continue to focus on
learning material processing, tool use, and project-based activities directed at making things
(Custer and Wright, 2002; Lewis, 2005) and neglect the creative elements associated with
inventing, innovating, and designing.



Rigby and Harrell (2005) suggest that there is an accepted understanding of “pre-engineering
concepts” that should be taught at the secondary level, however, the details of these concepts are
not provided. They also state, as a goal of their program, increasing and enhancing “...awareness
of the field of engineering among high school students, develop problem solving skills and
critical thinking, and increase hands on experience with real world problems” (p. 27). These
goals are typical of most projects directed at increasing the interest of children in engineering.
Scant mention is ever made of developing the imaginative and creativity abilities of children and,
specifically, how to prepare teachers for these tasks.

Although many would suggest that the best preparation for 6 — 12 engineering teachers would be
an engineering degree supplemented with a pedagogical professional development program, the
author suggests that this strategy would result in a program that focuses on a particular field of
engineering rather than the universal and enduring concepts that should be developed prior to a
student entering a postsecondary engineering program. In particular, it is suggested that neither
the current pre-service “pseudo” engineering programs (i.e. technology education) nor the
“engineer-to-teacher” model would address the need to create a more imaginative and inventive
engineering workforce. The intense interest in Science, Technology, Engineering, and
Mathematics (STEM) education has created a significant number of student-based, informal
education 6 — 12 programs seeking to increase a student’s interest and awareness in engineering
(Rigby and Harrell, 2005) and few, if any, initiatives at the postsecondary level for preparing
teachers to teach 6 — 12 engineering. A notable exception is the collaboration between Project
Lead The Way and Purdue University. This PLTW model relies on the existing structure of the
Technology Education certification program and incorporates the contents of the PLTW
curriculum into its existing courses. The structure of the program is quite similar to the decades
old technology education model, which is based on the career areas of construction/architecture,
communications, computers, energy/power/transportation, and manufacturing. Graduates of this
program are “authorized” to teach PLTW courses without having to complete a PLTW summer
training program for the courses they intend to teach.

In addition, the interpretation of the core concepts of engineering is determined by the course
developer’s orientation to engineering. A manufacturing engineer will tend to believe that an
understanding of computer-integrated-manufacturing is more important than heat and mass
transfer calculations, or vice-versa. An aerospace engineer would believe that acrodynamics is
more important than computational algorithms developed and used by a software engineer. It is
clear that an emphasis on a particular arena/discipline of engineering, at the middle and high
school level, might be inappropriate and could contribute to the poor retention rate of freshman
engineering students. Shuman, Delaney, Wolfe, Scaliese, and Besterfield-Sacre (1999) study
suggests that although approximately 25% of their freshman attrition could be attributed to poor
academic performance in mathematics and science, another 25% was attributed to the loss of
interest in the engineering professions by the students. Addressing the application of creativity
and imagination to real problems might help address this latter problem as well as creating a
reason for “enduring” the mathematics and science education required for an engineering degree.

The conceptual model for this degree plan is based on the elements of the majority of
undergraduate education-focused degrees (Custer and Wright, 2002), (1) a general education



formation (which is mandated by each state, with local variations, (2) a pedagogical component
(which is required by state departments of educator preparation, (3) content specific components
of the discipline (i.e. engineering and technology), and (4) the pedagogical components needed
to teach the content. The section reported in this paper is the content specific components of
engineering and technology that specifically relates to the generalized foundational concepts that
would be sufficient to ground a student in the development of their imagination, invention,
innovation, and ingenuity capabilities as prerequisites for careers involving design thinking.

This program model is based on a 120-semester credit hour (SCH) program (new state
requirements) designed to prepare pre-service teachers to teach the robust components of
engineering and technology, develop their professional pedagogy, and meet the state’s general
education requirements for undergraduate students. The innovation, design, and engineering
content area represents 42 SCH, 47 SCH of general education, 21 SCH of teaching professional
development, and 10 SCH of mathematics and science elective courses. Students are required to
take algebra, trigonometry, statistics, and calculus. In addition, completion of chemistry, physics,
and a science elective is required.

The genesis of this program began as the author developed the STEM career cluster for the state
of Texas (Hull, 2006; www.careerclusters.org; www.AchieveTexas.org ). The process for
developing the engineering and technology career pathway involved intense reflection on the
uniqueness of engineering and technology as a career pathway in the STEM career cluster.
Career clusters, developed by a national collaborative effort, are designed to assist students
prepare for future careers. The career clusters categorize careers into 16 clusters and over 100
pathways.

As the analysis of the career clusters progressed, it was clear that the conceptualization of the
clusters was not well thought out. The STEM career cluster includes the conceptual area of
“technology,” however; technology-based careers are also included in many of the other 15
career clusters (e.g. manufacturing, transportation, information technology). Students seeking to
pursue a career in manufacturing, for example, would pursue a pathway identified in the
manufacturing career cluster not in STEM. Yet, how does one prepare for a career in
manufacturing engineering that would be different from what a student should study to become a
machinist or a quality assurance technician. The essential questions became, what is unique
about the engineering and technology pathway in the STEM career cluster? What is it that should
be included in a student’s preparation for an engineering career prior to the start of their
postsecondary studies? What separates engineering from other technology-based career
emphases?

Profound insights were gained from The Engineer of 2020: Visions of Engineering in the New
Century (NAE, 2004) which emphasized the increased need for creativity and imagination in
engineering practice. Chapter 4 “Attributes of Engineers in 2020” (pp. 53 — 57) lists the
following attributes that should support the engineering professional in the future:

e Strong analytical skills: applying science, mathematics, and domains of discovery
and design to a particular challenge and for a practical purpose. ... the core
analysis activities of engineering design — establishing structure, planning,
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evaluating performance, and aligning outcomes to a desired objective — will
continue.

e Practical ingenuity: skill in planning, combining, and adapting. Using science and
practical ingenuity engineers identify problems and find solutions.

e (reativity: (invention, innovation, thinking outside the box, art) is an
indispensable quality for engineering and ... creativity will grow in importance.

e Communication: interdisciplinary teams, globally diverse team members, public
officials, and a global customer base. Listen effectively and communicate through
oral, visual, and written mechanisms. Effective use of virtual communication
tools. Ability to shape opinion and attitudes of other engineers and the public.

e Mastery of the principles of business and management: Ability to understand the
strengths and limitations of science and technology.

e Leadership: increase the practice of leadership skills as careers advance.

e High ethical standards and a strong sense of professionalism: Effective and wise
management of technological resources. Recognize the broader contexts that are
intertwined in technology and its applications in society.

e Dynamism, agility, resilience, and flexibility: It is not this or that particular
knowledge that engineers will need but rather the ability to learn new things
quickly and the ability to apply knowledge to new problems and new contexts.

e Lifelong learners: Learn continuously throughout his or her career, not just about
engineering but also history, politics, business, and so forth.

From these attributes, a theme of creativity, innovation, invention, ingenuity, and design
emerged that provided a focus for identifying the characteristics of a 6 — 12 engineering teacher
preparation program. To better prepare students for postsecondary engineering studies, a focus
on developing students’ creativity and practical ingenuity skills may be as important as
developing their analytical skills in mathematics and science. If this is true, the development of 6
— 12 innovation, design, and engineering teachers should include knowledge and skills critical to
the development of students’ creativity and ingenuity skills. It may be, that the development of
the cognitive abilities to invent, innovate, and create may be more important, at the secondary
level, than the pursuit of advanced mathematic and scientific knowledge and skills.

In addition, a supporting content knowledge base needed to be identified that would provide the
foundation for successful creative endeavors. This knowledge should be robust, able to span all
engineering disciplines. This knowledge base was provided by the Standards for Technological
Literacy: Content for the Study of Technology (2002).

The revised Engineering and Technology pathway knowledge and skills developed by the States’
Career Clusters (www.careerclusters.org) in addition to a strong mathematics, science, and
information technology foundation emphasize The Standards for Technological Literacy:
Content for the Study of Technology (ITEA, 2002) as a component of the academic foundations
for the engineering and technology pathway. Significantly, the pathway also recommends that a
student’s preparation include design education. Thus, the essential question is how should
teachers be prepared to teach the design components of engineering education. Should the
education of teachers be based on the courses they will teach, or should the teachers’
understanding be more profound than what is expected in the 6 — 12 classroom? It is the author’s
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supposition that to prepare a teacher to teach students in a 6 — 12 engineering program, the
current conceptualizations of teacher preparation and professional development are inappropriate
and a more adequate foundation must be provided. Within education, the adage “we teach like
we were taught” should be extended to “we teach what we were taught.” In other words, many
teacher preparation programs replicate the middle and high school courses in the university
setting and do not provide the deep understanding that is required to develop adequate
capabilities in students. If the teacher can pass these courses, it is assumed she/he has sufficient
knowledge and skills to teach the concepts. This model is based on the idea that the teacher is
medium for transferring information and knowledge to the student, i.e. the teacher is nothing
more than the conveyor of information and knowledge, a living textbook, and not someone who
adds value to the educational process.

Tables 3 — 7 provide a matrix of the knowledge and skills identified in the STEM Career Cluster
that should be addressed in the proposed Education for Teaching Innovation, Design, and
Engineering program. The reader will note that the knowledge and skills are not exhaustive and
the author has suggested additional courses that will introduce the practice of innovation, design,
and engineering (e.g. communications in technology, intellectual property).

The proposed teacher development program synthesizes the knowledge and skills identified in
the cited documents and focuses on the development of a teacher’s abilities to teach 6 — 12
students to design, invent, and innovate, in addition to the application of mathematical and
scientific knowledge and skills. The traditional model for encouraging children to consider
engineering studies relies on the development of science and mathematics skills as the exclusive
preparation for entering postsecondary engineering studies. Research projects seeking to increase
the number of students pursuing engineering majors focus on improving students’
understandings of mathematics and science and tend to ignore the elements associated with
creativity. In other words, students are not encouraged to apply their mathematics and science
skills through the application of their creative abilities to solve problems. Engineering is about
designing solutions and it would seem appropriate that students be the opportunity to develop
their designing skills in multiple and diverse situations prior to enrolling in engineering colleges.
This may actually foster a better understanding and application of mathematics and science.

As important as the content knowledge base, teacher educators must consider the strategies for
teaching and learning the content knowledge base. Essentially, are there instructional strategies
that should be used to foster a climate of creativity and innovation in the classroom and that will
persist through a student's academic and professional careers? Creative classroom environments
support risk taking, problem posing, diverse learning and thinking styles, and intrinsic and
extrinsic motivation. It is clear from the studies of creativity in business environments that it is
easier to destroy creativity through ignorance or poor management than it is to foster it. These
issues have not been addressed in this paper but are essential to develop a solid content and
pedagogical foundation for 6 — 12 design, innovation, and engineering teachers.

Conclusion

What ought to be the underlying structure and goals for Science, Technology, Engineering, and
Mathematics (STEM) teacher education program? Teacher education ought to be connected to
the fundamental issues of public education, which include issues of student preparation and



societal expectations. With the critical nature of America’s economic power dependent on
invention and innovation through the work of scientists and engineers, it is imperative that we
increase the teaching of creativity, innovation, invention, and ingenuity in public schools through
the development of a new model for 6 — 12 innovation, design, and engineering teacher
preparation.

Engineering and technology is not about the application of mathematics and science principles. It
is about imagining solutions, constraining our imaginations with reality, and using what we
know about the natural and social world to predict, with reasonable levels of certainty that the
designs we develop will lead to a better tomorrow. In essence, the core of engineering is, and
ought to be, the development of imagination and creative abilities balanced with the constraints
of the physical and social worlds. This ought to be the content of 6 — 12 engineering, not just
more mathematics and science courses. Let us capture the imaginations of our children and use
that as their motivation for learning more about their natural and created worlds. Creativity and
innovation may be the key to increasing student interest in science, mathematics, and
engineering; certainly, the current course of action has been insufficient and has led the United
States into an innovation crisis.



References

Custer, R. L. & Wright, R. T. (2002). Restructuring the technology teacher education curriculum.
In J.M. Ritz, W.E. Dugger, & E. N. Israel (Eds.), Standards for Technological Literacy: The
Role of Teacher Education, 51* Yearbook of The Council on Technology Teacher Education,
(pp- 99 — 120). NY: Glencoe-McGraw.

Hull, D. (2005). Career pathways: Education with a purpose. Waco, TX: Cord Communications.

International Technology Education Association. (2002). Standards for Technological Literacy:
Content for the Study of Technology. VA: Author.

Lewis, T. (2005). Creativity — a framework for the design/problem solving discourse in
technology education. Journal of Technology Education, 17(1), pp. 35 — 52.

National Academy of Engineering. (2004). The Engineer of 2020: Visions of Engineering in the
New Century. Washington DC: Author.

Pal, G. (1960). (Director). The Time Machine. CA: Warner Brothers.

Rigby, K. & Harrel, D. (2005). Issues in developing a high school pre-engineering program.
Presented at the 35" ASEE/IEEE Frontiers in Education Conference. Session S2F. Indianapolis,
IN.

Shuman, L.J., C. Delaney, H. Wolfe, A. Scalise, and M. Besterfield-Sacre, “Engineering
attrition: Student characteristics and educational initiatives,” 1999 American Society for
Engineering Education Conference Proceedings, Charlotte, NC, June 20-23, 1999, (CD-ROM -
12 pgs.).



uoneAOuu] pue u3Isa( I0J S[[IS Suryoea,

‘Kyradord enydd[[aIuT JO UONDA0I]

*93ueyd 9JeaId 0)  SunuIy) usIsap,, SN suewny MOH "UOIBIID IN[BA-OTWOUOII UT J[0I I} PUB $3s592001d 9ABAIO/UONUIAUL
uS1S9(J pue ‘UONBAOUU] ‘UOTJUIAU]

"9IBM1JOS puB

QreMpIey SUOTIBIIUNWIWOII[) Ul sjudwdo[aAdp Surdiowd Surpre3ar papraoid 9q [[IM UOIBULIOJUT “PAIOIUUOIIUI dIB SWIISAS

UoIym Aq sueaw 9y} 210[dxXa [[IM SJUIPMIS "SUIA)SAS SUONBIIUNUITIOIII) WIOPOW puIyaq s1doouod ay) Jo uone3nsoAur uy
A30[0uyda], uoneIIUNWWO.) PUL UOHRULIOJU]

‘SuIpue)s JOTUAS :ISIbaIdI] "SANIANOR [BIIS0[0UYD?) JO JUAWdO[IAP pUE YoI8asal SUIPING JOJ S9SSA0I]
Juowdo[Ad( PuE YoIeIsy [ed13o[ouyda],

"SUOTIBITUNUITIOD UNILIM IO puk ‘s110dal ‘$19139] ssaursng SunIm Ul OUILIIAXd PUB ‘SJUSWIUOIIAUD [RUIJIXD pUB

[BUIJUI UL S[QUUBYD UOIBdIuNWWod [euosiadiajur Jo Apnis ‘S[[s Sunum aarsensiad pue 1ed[d jo judwdoaAadp 103 AyunyzoddQ
sonbruyoa 1, uonedTUNWIWO)) PULB UOIIBULIOJU]

"'G9¢T HOHAL :ausmbaraiq “sar3ojouydd) [eondo pue [euIay) ay) JO MIIAIIAO UY
I1 A3010Uuyd9], JO SWAISAS

‘Tenuajod uewny SUIPUIXS 0] e[ A St SWAIsAs 1omod pIngJ pue ‘[eOLIIOI[S ‘[BIIUBYIIW JO MIIAIIAO UY
[ ASo[ouyo9], Jo SWAsAS

"09€€ HOHLL Ul JUSW][OIUD JuaLnduo)) :smbaraiq “syonpoid jo amjoejnuews oy ur pasn Ajuowrtwod juawdimba

pue ‘sanbruyo9) ‘sass9001d ‘STRIIdIBA "USISOP UO SOUAN[JUI JI3Y) pue uononpoid Jo sassado1d pue ugrsop jo sordound orseq
u31so(J [ernsnpuy

"SWAISAS PA[[0NU0I-1)ndWOd PUB *OIUIOMII[Q eI 0] UOIONPONUL UY
SWASAS [01U0D)

"09€€ HDALL UT JUW[[OIUS JuaLInduo)) :arsmbaraid -syoefoad uisop Sururjar 10y ssodoid

se suonenuis ndwod jo uonezinn ay [, ‘3urdAjojoid pider pue sfeudjew snowea suisn saonoderd 3urdAjojoid jo uoneorddy
uone[nwis pue 3urdA10joig

‘pasudqreyd AqedtsAyd ay) 10§ uS1sap A[IQISSAIIY "Asn pue ‘suonedadxa ‘spasu uewny 329w 03 u3isap jo uonedrddy
u3IS9(J PaIdIUR)-UBWNg

‘K3010uyo9) SurdAjoyoad pider 03

uondNPOIIU “SUSISIP JO UOHEN[BA pue ‘uoneziundo ‘uoneapr ‘UoNeZI[eNnsIA ‘UONHBIIUNWWO) SUIOUBYUD JOJ SAI3AJRIS SB S[[I]S

ug1sop Jndwod pue Surydys ‘$s9001d FurA[os-wa[qoid e se uSIsop 1)ndwod [RUOISUIWIP-AIY) pue SuIydays Jo sordoung
3uIepoIA pue u3Isa (J-¢ 01 uononNponu[
S12YyoDa] Sulindaid A0f S2S1N0)) SULIPIUISU 7] — 9 AOIDJA
[ RS CLAD




"SwR)SAs uonejiodsuen

pue ‘A30[0uyd9) pare[aI-01q pue [BINI[NOLISE ‘YI[eay puk [edIpaw ‘Fulrnjoejnue ‘Jomod pue A310U9 ‘UoONBITUNWWIOD

pUE UONBUWLIOJUI ‘UONONISUOD IPN[OUI SWIISAS 9SAY ], "PIOM [BINJeU Y} AJIPOW O} PIsn SWI)SAS uewiny JY) 0} uondNponul uy
PHOA pausIso oYL,

L9¢E PUB €9¢€ HOHL

:9)1sIbaxaiq “Iom juapnis Jo sonpoid pue ssa001d Y} JO JUAUWISSISSE PamarAdI-Ainl v s109foad uSisop pue yoreasar pajoal(q
OIpn)§ uoneAouu] pue usIsa(

JUaWdO[OAIP pUB ‘YoIBasSAI ‘UOHIBAOUUL J)SOJ JBY) SJUSUWIUOIIAUD UONBAOUUL PUB UIISOP FUNBAID JOJ SIIFIRIIS PUB SISSII0I]



(HDS €) 2A1O9[9 20UIDS
(HOS v) snmoe)
(HOS ¢€) sonsnels
(HDS 01) S9ANOA[H parmbay
(HDS 0) Teurwag suoisde) uoneonpyg
(HDS 9) Sumyoea, juspms
(HDS €) oIy Juduo)) oy) ul JuIpeay
(HDS €) SIouIed| 9s1oAL(J 3unonnsuy pue Suideuey

(HDS €) SIDIS Suryoeay,
(HDS ¢) Sururea] pue Judwdo[aAd(J JUdISIA[OPY :AS0[0YdAs] [euonLINpPH
(HDS €) £191008 pue [00YdS
(HDS 17) 1uawdo[oAd(] [RUOISSIJOI] JOYoLa ],
(HOS €) SOIWOUOH 0} UOHONpONU]
(HOS €) MV 03 uononponuy
(HDS ¢€) somig 01 uononponuy
(HDS 1) qeT I So1sAyd AJSIoATu)
(HOS €) I so1shyq As1oatup
(HDS 1) qeT [ Anstway)) [eIouan
(HOS €) I Anstway) [e1ouan
(HDS ¢€) AnowouoSuy,
(HOS ¢€) ©Iqa3[y 239[]0D)
(HDS ¢) sonijod a1e1§ K1o3onponuy
(HDS ¢€) JUSWUIAOD) UBDLIdWY AI030nNponu[
(HDS ¢€) II A103STH Sjel§ pajru()
(HOS ¢€) 1 A103STH saye1§ paytun)
(HDS €) 20UBSSIBUDY Y] 90UTS 2INJRIANIT PO
(HDS ¢€) 7 uonisodwo)) pue Jeuruein
(HDS ¢) T uonisodwo)) pue Jewrweln)

(HOS ¢€) Teurtudg uewysarj
(HDS L{) uoneonpy [e1ouan

(HOS [Z pup HOS /) S254100) Judutdo]aaa(] [pUoisSafodd 1ayova [ pup uoypINpy [01ouar)
¢ °lqel



‘s309l01d FurreouiSuo pue ASojouyo9) ur sjonuod Jo s3desuod 2100 oy A[dde pue urejdxg

!

‘s309l01d SurrsouiSus pue A3o[0uyd9) ur sass2001d Jo sydoouods 2100 ayy Ajdde pue urejdxg

4!

‘sy0aload
Suneauidus pue £30[0uyo9) ul Jjo-opex) pue uoneziundo jo sjdaouod 2100 oy Adde pue urejdxg

el

‘s300foad
SuneauI3us pue A30[0Uyd9) UL SIUTRISUOD PUB BLIAILID JO s1doouod 2100 ayy A[dde pue urejdxg

Kq!

's109lo1d SurreourSuo pue A50[0uyd9) Ul $921N0saI Jo s3deouod 2109 oY) A[dde pue urejdxg

11

's309f01d Jurresur3us pue A3o[ouyoa) ur swasAs Jo s)daouod 2100 oy Adde pue urejdxg

'$109[qns 19730 puE ‘Yrew pue 9OUAS
‘Jurreaurdus Ym sdiysuoneal J1ay) 9Z1u30991 pue A3010uyd3} Jo s1daouod 2100 oy Ajddy

‘so13010uyo9) uononnsuod ur sydesuod Ajdde pue urejdxg

‘so13010uyo9) Surmyoeynuewr ur s)doouos Ajdde pue urejdxyg

‘sa13o[ouyo9) uoneyrodsuer ur sydeouod Ajdde pue urejdxg

‘uonedIUNUWIWOD pue uoneuriojur ur s)deouos Ajdde pue urejdxyg

‘sa13010uyo9) Jamod pue A31ous ur sydeouoo Ajdde pue urejdxg

*S9I30]0UYd9101q Paje[al pue [eany[noLiSe ul s)doouos Ajdde pue urejdxyg

W[ M| B | X |

‘so13o[ouyo9) [eorpawt ut sydeouod Ajdde pue urejdxyg

e [ v [ O | |6 |

<

>

<

>

<

*$9130[0UYd9)
snowrea ur uorponpoid 10 Quawido[oaap ‘udisap Jurajoaur syooford Jurresuius ur Ajoaneinuenb
swa[qoxd aA[0s 0) sassaoo1d pue s3deouod A3070uyd9) pue OUSLOS ‘SOTIRWAYILW S

1

oIpm§ uoneAouu] pue uSIso(q | w

‘aouu] 29 uS1so(q Joy SIS Sumyoeay, | w

d % ¥ [e130]0UYIR, | <
uSISo(] PRISIURD-UBWINY | 3¢

uone[nuwig pue Surd£jo0101g | <

uS1so(T ensnpuy

uS1s9( pue ‘UOTBAOUU] ‘UOTIUIAU]

SWAISAS [ONUOD) | »¢

‘wo) 2 ASojouyo9], ‘ojul

sonbruyoa ], ‘wo) 2 "ojuy

11 ASojouyo9], JO SWISAS | <

I ASojouyoa, JO SWalsAS | <

PHOM PauSisa( YL |

u31s9(] g€ 03 uonONpoNuUY

SIS pue 93pa[mouy]

XUID 254100 £q []14S pUp 23pa]mouy £oD42J17] [DI130]0UYId ] A0f SPADPUDIS

€ JlqeL




‘Joe] pue K109y} jo sordrounid Ajddy -

[e)}
—

"UOTIEAOUUL PUEB UONIUIAUL QOT)ORIJ °

o]
—

<

<

‘uonestjdde pue uoneiuawradxe Jonpuo) -

o~
—

“Juowdo[oAdp pUE YOIeasal Jonpuo)) °

O
—

*A3o10ut09) puk SULIAUISUS JO SJUSWS PIIL[AI USIMIA] 9JBNUIII

v
—

's100) Surpepowt 9errdordde osn -

<
—

"SQUIOo)NO ssaursnq Yim seonoead Ajenb ayeferro) -

o
—

"SQOIAQP ‘SWA)SAS Surmseow s

N
—

'$paau Jowolsnd Jo sidaouod Ajddy -

—
—

-ooueinsse Ajienb jo sydoouoo Ajddy -

o
—

‘3uns9) jo sydosuoo A1ddy

o

M| | | X

>

‘3urpping jo sidaouod Ajddy

‘Surugisap jo sydoouod Ajddy

IR IR IRl Rl Bl e

M| X | <

M| R B ] K| X

‘Suruuerd jo sydaouod Ajddy

.Jopen ay) jo sjooy,, aerrdordde asn

'swa[qold aremijos/orempliey uoamlaq ysmsunsip 0y o[qe o

>

>

<

‘K3010uyo9) pue JurreauIus ur 3urajos wa[qod asn)

>

‘Sunooyse[qnor pue A30[0UYd3) JO 9TPIA[MOUY JBNSUOWI(]

<

— | fed | [ |O [ |6

“SI0M SSUTY) MOY IOAOISI(]

orpm§ uoneaouu] pue uSIsoq | w | | x

‘aouu] 29 uSrso(q J0y SIS Suryoea],

d 7 ¥ [v130[0UYIRL, | < | < | 3¢

uSISo(] PRISIURD-UBWINY | 3¢

uone[nuwig pue JurdAjojoig

uS1so(T ensnpuy

uS1s9( pue ‘UOTBAOUU] ‘UOTIUIAU]

Sw)SAS [0NU0D)

‘wo) 2 ASojouyo9], ‘ojul

sonbruyoa ], ‘wo) 2 "ojuy

11 ASojouyo9], Jo SwaIsAS

1 ASojouyoa], JO SWaISAS

PHOM PauSIsa( Y[,
u31so (€ 03 uondONpoOHU

SIS pue 93pa[mouy]

XD 254100 £q []14S puv 28pajmouy Siys (pa1uyaa J ddy
¥ 2lqeL




X | X X X X ‘uoneziiundo 9sn) "0
X X ‘sonbruyo9) Surajos-woqoid ayerrdoidde asn "6
X X X *A1renb ‘uonoejsnes sewoisnd ‘Aroededs uononpoid ‘S90IN0SAI ‘s3S0D JO SISA[RUR 10NPUO)) Q]
X[ X[X[X[X|X|X|X|[X|X|X|X|X|X ‘A3o10ut09) pue JuLIAUISUL Jo syuaweld A[ddy /|
X ‘uoneIqIEed Io ddueudurew rodoxdwr 10 JuaSSau Jo S)NSAI 9 QLIS 9T
X *Q0UBUQIUIBW OISBq ULIOJIdd "G
X | X X "A73091109 S[RLIO)RW PUE S[O0) 9I0)S puk A[PUeH ‘]
X | X X ‘sfenIojew pue juowdinba ‘souryoeur ‘sjoo) Jo A1oLrea e asn pue 9jerado L[ojes ‘€1
X ‘suonye[nored ur uonesedoid 10119 JO 109130 oY) 101pAId T
X “JUSUIQINSEAW UT AJUTR)IQOUN pue J0119 Jo joedwt ay) urefdxq "1
X 'soIn31J JueOYIUSIS JO JOqUINU JOALI0D ) YIIM BIep PI0dY ‘O]
X|X|X|X|X|X X | X X "SJUQWINIISUI pue Spoylow urinseaw uoisoaid asn 6
X|X|X X | X ‘STIDYS [euoneZIUB3Io 9ANO9YJe A[ddy g
X X X ‘soonoead juowaSeuew awry ojeudoidde osn L
‘syuowaIInbax
X|X|X|X|X|X X 10 ‘SjUTBIISUOD ‘UTISOP Ul a3ueyd B 199Ul 03 3onpoid 10 $59001d © Ul Popasu SaSURYD JUIUIANR( 9
X X | X X ‘$J[NSAI pud JOIpRId G
X X “100lo1d e Sunjoidurod ur roquiIaw WIed) B S8 9INQIIUOD)  ‘§
X X[ X|X X 109fo01d ® 10J ue[d e juowordwr pue dojoasg ¢
X X|X|X|X X “199fo1d e 9yo1dwios 03 papasu sassaooid ayy A[ddy g
X X JuoweSeurw WA)SAS pue 109foid aandope asn 1
olsl=zlwlslslalslslele=]s SIS pue 93pa[mouy]
Slglg|g|2|2|2|g (222|252
e |S|E12|E|12(8(2|°|2|gle ol
AER R N E R ER A
Elm |0l |23 2|8 |QclelE|E
a2 B2 g | gl = rnm Sl | = |=|=5 |92
— | mQ |2 s|IE|&8|2|B|lx|g]a|P
S| =22l |BlelB 8|2, |e|la|*]|s
5 | @ s lB&lelelBlol3|ale
) ~ g 2|2 |2 |o|B|E 2l
2 | = %] ) < |c|BlB|lo|O
21EIEIRIE| 5] |=|2|2|5|E
S |lu|9|d |2 = 2lglE =¥
g G |5 o Q g < |< 2,
2l | [Tl || [B|?|=|7] B
=B =] =
=S =
S i m.
09
2 =}
=

XLUDJY 254100 £q S]J1yS pup a3pajmouy 2ouajaduio)) [pa1uyda ] 1apon
¢ 9IqeL




'SJJO-9peI} QUIWIEXH

%
—

‘spua1) ugisop AJnuap|

~
—

‘A3010uyd9) 0) pIEIAI UI SHUTRNSUOD UTISOP SUILXH

e
—

"$10)0€J [BJUSWUOIIAUS 0) PIBTAI Ul SJUTRNSUOD UIISIP QUTWEXH

v
—

'S90IN0SAI UBWINY 0) PIeSaI Ul SJUTeIISu0d uSISop QuIueXy

<'I
—

"JS00 0) PIEZI UT SIUTRI)SUOD USTISIP QUIUIEXH

o
—

*Ky1[Iqeurejurewt o) pIeSal ur sJUTeIIsuod uSIsop QuruexXy

ol
—

*A)1[1qe)S9) 0) pIeSal Ul SJUTRNSUOD USISIP QUTERXH

—
—

*AnTIqeinjoegnuewt 0} pIe3al ul SJUTRIISUOD USISOP QUIWIEXH

S
—

"SQOTAIRS UT USISOP JO SAINQLI)E SUIIEXH

o

[ M| B X M| B X | | | K

ML M| B X M| B R | | | K

IR IR I R I R B R I R 1 R I Bl e

‘syonpoid ur uSIsep Jo seInqrIie SUTEeX

"SUIQISAS ur uSIsop Jo seynqule duIeXy

>

‘ugisop jo sydoouod Ajddy

>

"uoneAOUUI PUE £)9100s U2aM1I0q dIYSUONB[OIIAIUL AY) YOIeasay

"SIOJRAOUUT PUE SIOJUSAUT JO AIOISIY O} YOIeasay

"UOTIUSAUI PUB UOTIBAOUUT SUTJO(]

>

"UOTJUOAUT PUB UOIIBAOUUT JO AI0ISTY O} QUIUEBXH

M| X ] X

<

— | fed | [ |O [ |6

*$$9001d USTSOP AU} JO SJUSW[S QUTWEX

orpmi§ uoneaouu] pue usisog

‘Aouuy 29 U3Isa(J 10J S[[D[S Suryoea],

a % ¥ [ed130[0uyd?],
uSIS9(] PRISIUR)-ULWINE

uone[nuis pue Jurd£10101g

uS1so(g [esnpuy

uS1Se(J PUE ‘UONBAOUU] ‘UOTIUSAU]

SW)SAS [0NU0D

‘wo) 2 ASojouyos], ‘ojul

sonbruyoa ], "wo)) 2 ‘ojuf

11 ASojouyo9], Jo SwaIsAS

1 ASojouyoa], JO SWaISAS

PHOM PauSIsa( Y[,
u31so (€ 03 uondONpoOHU

SIS pue 93pa[mouy]

XD 254100 £q S]J1YS pup 23pajmouy usisa(y
9 91qeL




X X | X X ‘sIsATeue pue Jorqpesj U0 paseq syuswaImbaor Joouwr 0) wraIsAs 10 991A10s ‘ponpoid e oaoidwy -6
X “UOTJBULIOJUT JO AOBINDOR djeneAd pue 1a1diou]  °g
"Q0IAIAS 1O WSAS
X X | X X “onpoid e Jo uSIsop 9y} J9)[E 0} PIPAAU UOTJBULIOJUT JBN[BAD PUB ZIUBSIO ‘PIOJAI “SI) ‘SSQ0IY  “/,
X ‘sordrourid Surreoui3uo asioaal Ao[dwyg -9
X 'ssoo01d uSisop oy ur sisA[eue ysu A[ddy  °g
X X|X|X '$59001d USISOp Y} UI SI0}0BJ [BIISO[OUYD) PUB [BIUSWIUOIAUL ‘uewiny 9jeiodiodu]
X X X *SJUTEIISUOD 0) SUOTJBIOPISUOD M SUOT)BOIOads UQAIS aAdIyoe 0] wid[qoid & oA[0S '€
X X X “LIOILIO UuSIsop sonpoid pue jordioyuy g
X XXX *901A1as 10 Jonpoid ‘wasAs v uisoq ‘[
u
o Slzlwlslslolzlsleleals SIS pue 93pa[mouy]
(] o = S lal=z Q S5 IS IS |52
] Slz|g|elg|2|o|c|g|g|a|8
@ sl2lelalelg |  |lglg|gla
AR AR AR
8 SIAlE|e|8 vl |oldlsle]s
= Q'm ¢ = o > < = | © = | = | = ]
— S E|m | I5|e|5 |8 Slg|e |5
=] glg|glals|e || |lale &g
S glalele|Ble|8|alc ©
5] ~ | g 2|2 | |lo|z |5 |E|lw
< wn & < Q = =3 o W)
EIS|EIZIE| 5] |=|E2|2|2|2]c
g a S |o|o |~
SI9I1TIEIE] 2] [olEIE|E| 7|8
wn QM Wv W = 93 =] o QM
= ) e Ble | = =
= = >
S 2
Z
=

‘aouu] 29 uS1so(q 10y SIS Suryoea],

XD 254100 £q S]J1YS pup 23pajmouy] ssad04d udisaq ayj ddy puv aypjsuowia (g
L319eL




