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Technology Education as an Integrator:
Addressing Concerns about North Carolina’s

New ABCs Regulations

Introduction

Tn 1997, the North Carolina Department of Public
Instruction (NCDPI) implemented the School-Based
Management and Accountability Program after two years
of field testing and statistical'analysis..This
regulatory program I1s commdnly referred to as the ABCs
Plan. Among other things, the ABCs Plan requires local
educational agencies (LEAS) to demonstrate that their
students grow in academic achievement. Scme people in
the field of technology education are concerned that
the ARCs Plan could result in the closing of éome
Technology education'programs. Whether or not clesings
occur, one wWay to address this concern is to use
technclegy education as a central integrator‘of
academic subjects.

The North Carclina “end-of-grade” test is the means
by which LEAs measure their students’ growth in

academic achievement. The ABCs regulatidns use data
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from that échievement test to measure grthh in
academic ééhievement; Under the ABCs Plan, it :is gquite
possible for administrators and teachers tc be
dismissed when students are not achieving at
appropriate levels. AL the same time, the plan rewards
scheoels and teachers whose.students achieve above a
certain ievel, NCDPI is implementing the ABCs Plan at
the same time North Carclina is experiencing growth_in
site-based management. Unde: site-based management, a
school is given_a‘certain amount of money and resources
and a certain amount of freedom in deciding how those
- resources will be used. Often the principal and a site
committee of parents and community leaders make these_
decisions. A similar apprcach, known as “charter
schools,” is qurrently being piloted in many LEAs.

It is conceivable_that in an effort to commit
rescurces to improve academic achievement, LEAs and
site-based management_committees will eliminate some
non-essential programs and ccocurse offerings in their
schools, There are two:fundamental reascns that some
technclogy education programs could be eliminated.
Techncleogy education is currently an expensive eleqtive

subject that is not included in end-of-grade academic
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achievement testing, and technclogy educdtion is not

widely perceived as academic general education.

Technology Education as an Integrator of Academic

Subjects
There are several reasons teachers use curriculum
integraticn. Among other outcomes, curriculum:

integration is believed to:

e improve achievement by providing students with the
opportunities to learn at higher cognitive levels by
proﬁiding reinforcement across the subject areas;
and,

» improve student interest and motivation by”
demonstratiﬁg relevance ambhg the subjécts.

Scope and methods of technelogy education.
Technolbgy education is é natural integrator of
zcademic subjects because its curriculum overlaps with
many disciplines. Mathematics, sciencé; aﬁd social
studies are especially suitéd for integration with
technoclogy education. Technoldgy education is a natural
integrator becaﬁse its uniqué instructional methods

provide learning opportunities that traditional
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academic instruction does not offer. Solving
technoclegical problems using authentic processes,
tools, and materials provides opportunities to learn at
higher levels., Technelogy.education students apply,
analyze, synthesize, and evaluate important concepts in
the context of real-life techncleogical problems..
Research in techneology education-hands-on |
instruction and curriculum integration. While Korwin
11986) found that the cognitive achievement of
technology education students who received hands-on
instruction was superior to those receiving no hands-on
treatment, the fact remains that there are few studies
on the effects of hands-on instruction in technology
education. Evidence should b€ inferred from studies
cutside the field_(LaPorte &.Sanders, 1995) . Thgre are
some studies on the effects of curriculum integration.
in technology education, but this is also an area of
research that has been relatively ignored. Among the
more interesting studies, Brusic_{1991)found a
significant increase in the curicsity of students
receiving science and technology education curriculum_
integration over the curiosity levels cf the conprol

group. Dugger and Johnson (1992) found that vecaticnal
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education students who would not have taken physics,
but who studied Principles of Technology for one year,
performed significantly higher on the Principles of.
Technology post test than did regular physics students.
Scarborough and White (1994) found gimilar results for
non-physics students who studied their Phys-Ma-Tech. -
curriculum. While the lack of guasi-experimental
research in technology education needs to be addressed
by the profession, technolcgy education teachers. can

cite evidence that technology education curriculum

integration has helped non-academic students achieve in

academic subjects.

Despite the relative lack of empirical evidence,
the technology education teacher should join an
interdisciplinary team at his or her schocl and develop
integrated curricula or instructiocnal units. Where
technoclogy education teachers are able to overcome the
constraints‘to curriculum integraticn, tThelr students,
co-workers, administrators,  and parents see value 1in

the technology education program (LaPorte & Sanders,

1993). It is plausible that a principal seeing students

applying academic content in the technelogy education

laboratory will be less likely to sacrifice that




INTEGRATION 7

program to save precious rescources. Suddenly technology
education is perceived as a means of improving
achievement and motivation in the face of the ABCs and

end-of-gracde testing.

Approaches to Curriculum Integration

Of the many variations of curriculum integration
there are three basic approaches {Van Til, Vars, &
Lounsbury, 1261; see Jaccbs, 1991). Curriculum
correlation is most often used at the- secondary level.
While many seccondary schools have implemented block
schedules, the academic structure and subject-area-
segregation make curriculum correlation a viable
approach. Curriculum correlaticn-involves an
interdisciplinary team whce identify areas of
overlapping content, sequence the instruction and
develop the activities. In this approach, mathematics
is taught in the mathematics classroom. At
approximately the same time, science, social studies,
and English are taught in their own classrooms.

"Correlation is the approach that LaPorte & sanders
(1993) used in developing the Technology, Sciencef-"

Mathematics Connection Activities (see LaPorte &“
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Sanders, 1996); During the development and field
testing of their instructional materials, LaPorte and
Sanders observed that academic teachers get excited
about technology education activities. The academic -
teachers were cften enlightened about technology
education when they were able to see the amount of
overlapping content their subjects share.

The second basic approach to curriculum integration
is known as fusion. Fusion is usually implemented as a
course of study. Zn academic example might include a
course called Latin. American Studies that integrates
social studies with Spanish. A very popular course
taught by both technology education and science
teachers is known as Principles of Technology.
Principles of Technology is curriculum fusion insofar
as it combines physics, technology, and the related
mathematics in a single course (see Dugger & Johnson,
1892; Dugger & Meier, 1984).

The third basic approach.to curriculum integraticn
is. known as core. Core integration uses content from
any discipline as long as it relates to the central
theme or issue upon which the class is focused. Usually

taught by cone teacher in a self-contained classroom, .
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core curriculum integration is not popular at the
secondary level because it lacks a definitive
curriculum structure, and as the content becomes more
sophisticated at the high schcool, it becomes more
difficult for one teacher to effectively teach across
three ér more disciplines. This‘approach.is often used

in the lower elementary school grades;

Constraints to Curriculum Integration

No matter how promising curriculum integration
sounds, the technology education teacher faces many
constraints tc implementing it (LaPorte & Sanders,
1893). Nothing will get accomplished 1f there is a lack
of interest and support on the part of the academic
teachers or the administratioﬁ. Teachers need time to
plan curriculum integration. While many middle schools
have formed interdisciplinary teams that have common
planning times, the technolegy education teacher is
rarely included. While the feachers are planning
together, their students are in technology education -
class. One year in advance of implementing an |
integrated activity, the technology education teacher

should get the principal and the school counselor
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interested in the idea of Including technology
education on the interdisciplihary team. This will give
the administration the lead tfTime it needs to change the
class schedule. With scheduling support and interest,
the techncleogy education teacher could jeoin the
interdisciplinary team and encourage the other teachers
to participate.

In curriculum correlaticn, the technclogy education
teacher might only teach two ofr three of the
participating mathematics teacher’s students.
Therefore, of the twenty to thirty students in
mathematics, only three will benefit from integration:
Having few students in common with other teachers is a
difficult constraint to overcome. Often the academic
students will come to visit the technology education
teacher for special instruction during his or her
planning periocd. However, this is not an optimal
sclution because it consumes the technology education
teacher’s planning tTime and provides only curscry
instruction for the academic students. The few students
who are in technology education could take their:
technological sclutions and artifacts to thelr academic

classes where all students could analyze and test them
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by applyving related academic content. Somelimes a
" majority of the students in one or two technology
education classes will come from the same academic
teacher. That teacher is the person with whom the:
curriculum should be correlated if-he or she is*™
willing. |

Drominent reform reports have called for less -
emphasis con the amdunt of content students cover in
lieu of more emphasis on the althentic processes and -
problem solving within respective disciplines (AAAS,
1989; NCTM, -1983). Despite this, each subject area that
is represented in the correlation process will offer
constraints because of the scope or seguence-of
instructicn. For example, correlation may not be
convenient if the mathematics teacher covers a
particular. concept in the beginning of the vyear but the
technology education teacher covers the related concept
near the end of the year. Every subject area has
prerequisite concepts that must be taught as a
foundation for further learning. Because of NCDPI
regulations requiring vocational assessments, even the
technology education teacher must cover a prescribed

amount-df content. -This is an easy constraint for the
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technology education teacher to avercome if he or she
is teaching in a general laboratory. Often academic
teachers are required to teach in & particular
sequence, while the technclogy education teacher has.
mere flexibility. The technology education teacher can
simply change the sequence c¢f the technolcogy education
curriculum to more closely match the seguence of the
other academic courses.

It may be more difficult to affect integration if a
vendor-developed modular laboratory is the primary
approach tc technology instruction. Mecst modular labs
in technclogy education provide programmed instruction
in which student pairs move from one mcdule to ancther.
One module might teach students about transportaticn
and another might teach about manufacturing. In
mathematics class, this would be like teaching
multiplication and division simultaneocusly. Generally,
academic teachers provide group instruction. For
example, when the mathematics teacher is providing
regular instruction on division, he or she is teaching
~all of the students about division. - |
Having taught in a new modular lab himself, the

author knows through experience that modular labs are
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excellent for exploration and for implementing new
content and eguipment in the program. Nevertheless,
there might be only one mocdule that overlaps with
current instruction in the academic classes. Only.-two
students will benefit from curriculum integratiocn.
Another problem might be that the two students who are
shared by the team might be studying a module that is
different than the one that is currently needed in the
curriculum integration unit.

The teacher coculd change the rotation of students
through the modules. However, given the relatively
complicated management systems of most modular labs,
the teacher may be reluctant to change the rotation. ..
When teachers first have their modular lzbs installed.
they are very busy learning the'lab’s system of
management and modular content. While a teacher could
develop his or her own module that directly addresses
the integratiocn activity, it would likely be
overwhelming during the. first year in which the modular
lab is implemented.

Often when mcedular labs are installed, the oclder
general eguipment and materials are discarded cue to a

lack of laboratory space. That general equipment lends
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itself well to technological problem sclving and
curriculum integration. Without that general equipment,
the scope of curriculum integrat;on may be limited. Tc
overcome this.limitation the technblogy education
feacher”can begin to aqquire smaller bench-top and

portable equipment.

Planning for Curriculum Iﬁtégration_

Once an iﬁtérdisciplinéry team is formed, the
teachers need to explore how their content oveflaps.
Technology education ofteﬁ pfovides excellent themes,
technologies, and technological problems around which
the integration can ke organized.kThe team can bégin to
construct.a web (Lewvy, l980)'dr planning wheél {Palmer,
1991) to'graphically see what academic and'
technological cohtent'relate to the theme or problem at
hand. See figure 1. Thé.web also allows the team tc see

how specific concepts are related across subject areas.
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Figure 1. Webbing.

15

surface area ;

The web 1s then used by each teacher to outline the

sequence of inéttuction within hislor.her subject. The
team_meets again to determine an appropriate sequeﬁce
of instruction across the subjects. For example, in a
unit on boats students may be challenged to design a
working model that uses alternative energy (LaPorte &
Sanders, 1896). In order to design the boat more
effectively, the science teacher should.teach abqut
potential and kinetic energy prior to or during the
design activity. In order to test the performance of
the model, the mathematics teacher should teach .

students about “rate” before students collect data.
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Finally, teachers develop the activities that they
have conceptualized and begin instruction. During
implementation, the interdisciplinary team should meet
regularly to discuss logistical problems and the

progress and achievement of students.

~ Working Toward Solutions

Correlating technology education and academic
curricula with an interdisciplinary team that shares
many students in common is certainly an optimal
approach to curriculum integration. This is especially
true when instruction across the subjects is sequenced
for relevancy and to enhance the short-term mastery of
the student. The approach is'alsc enhanced when the
technology education facility includes general
resources in addition to a modular lab.

However, there are many ways Lo help improve less
than optimal circumstances. In thé first year

curriculum integration is attempted, it is very

16

important that the team try not to accomplish toc much.

One correlated or interdisciplinary unit may be enough
as a pilot study. Many technolcogy education teachers

are doing an excellent job of curriculum integration
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under less than ideal circumstances. Technolagy
education teachers should emphasize self-contained
-approaches such as modules that independently integrate
curricula. Teachers should not exclude using a module
simply because it is not specifically designed for
integration. Teachers should give serious consideration
to implementing fusion courses such as Principles of
Technology.

A considerable number of technology education
students are not academically advanced or are not in
‘the college track. As cited in the aforementioned
studies, these students are, more than any others, the
chief beneficiaries of well designed and taught
curriculum integration units. Correcting under
achlievement is a principal purpose of the ABCs Plan. At
the same time, academically advanced students will
become aware of the excellent opportunities provided by
the technology education prograﬁ when they experience
them through curriculum integration. Program concerns.
related to the ABCs Plan might be addressed, in part,
through curriculum integration. But, this requires the
technology education teacher to plan carefully and

communicate clearly on a sustained basis with his or
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her ceolleagues and community. Concern over the ABCs
Plan should not be the primary motivation to make
technology education the integrator of academic
subjects. Any technology education teacher who has
overheard a mathematics student say, “Why do we have to
learn this?” knows that no matter how many constraints
the teacher faces, curriculum integration with
technology education will provide relevant instruction.
No teacher in the school is in a better position to
provide authentig instruction thaf demonstrates the
necessity of academic achievement than the technology

education teacher,
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Abstract

A new curriculum, Scientific Visualization, is being taught by high school
technical graphics, technology teachers and science teachers for the first
time. This curriculum reflects a broadening application of computer graphics
techniques in the workplace and represents a rich area for graphic
communications teachers at all levels of education. The goal of the two-
course sequence at the high school level is to give students expertise in
manipulating both geometry and the visual characteristics of geometry, such
as color and texture. These visual elements are used to construct 2-D and 3-
D graphic images which support the understanding of scientific and technical
principles.- These courses are meant to complement rather than replace more
mainstream graphic communications courses. The proposed student
populations taking the scientific visualization courses are not only the
traditional vocational track students, but also pre-college students planning
on studying in scientific, engineering, and technical fields. Work is underway
developing an extensive set of support materials and sample problems for use
in the newly developed curriculum. Implications for teaching technical
graphics in higher education will be discussed in this paper as well as the
impact this curriculum may have on colleges. and universities with
technology education students. '

Introduction
For the past year, a group of educators from NC State University,

‘Wake Technical Community College, the State Dept. of Public Instruction of
North Carolina, and numerous high school teachers throughout the state
have met to develop a new two-course curriculum in Scientific Visualization.

The main goal for this curriculum is to expand the teaching of technical
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graphics to anew audlence sc1ence and pre- englneermg students Th1s new
currrcuium will be taught by h_1gh school technical graphics, technology
education, and science teachers for the first time in the Fall of 1997. This
curriculum reflects a'broadening application of computer graphics techniques
in the workplace and repre.sents a rich area for graphic communications
teachers at all levels of educatlon to be involved in.
Whlle contemporary high school draftlng (techmcal graphlcs)

programs now use sophlstlcated graphic tools to create 2-D and 3-D wire

| frame and solid models -therr focus has remamed narrow. It 1.s now apparent
. that changes prnnarlly brought about by advances in technology have
.created new opportumtres to use 51m11ar tools to promote and enhance the
study of the phys1cal and socral sciences, 1ncludmg mathematrcs .
) ThlS new cumculum 18 de51gned to arnculate mto sc1ent1ﬁc
wsuallzatlon and techmcal graphlcs currlculums at both 2-year and 4-year
co]]eges and un.wersrtles. These courses are meant to coxnplement rather
than replace more mainstream technicai graphics courses in architectural
and mechanical graphics. |

The proposed student ponulation's taking the scientific visualization

.. courses are not only the traditional vocational track students, but also pre-
college students planning on studying in scientific, engineering, and |
‘technical fields. Most of those aware of this emerging technology accept the
- premise that graphic tools can and should be used to better understand

abstract and numerical concepts. Sophisticated graphic tools are used in the
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sciences, business and industry, inance, higher education and virtually all
major areas of our economy. Cognizant of the above concerns, -
representaﬁves from MCNC (Microelectronics Center of North Carolina); NC
State University Department of Math, Science, and Technology Education;
-Wake Technical Community College Engineering Technology Division; as
well as the NC Department of Public, technology education division, sought
ways in which to build a strong secondary program in Scientific and
Technical Visualization, focusing on the use of sophisticated graphics tools
for the purpose of studying math and sciences. Momentum for this high
school-level scientific visunalization curriculum developed out of a revision of
. the complete high school technical graphics curriculum developed by the
same team now working on the scientific visualization curriculum (Clark,
Wiebe & Shown, 1996). It became clear that a scientific visualization track
could both broaden the scope of the technical graphics curriculum as it was
currently structured and attract a new group of students to technical -
graphics.
Curriculum concerns

- The old technical graphics curriculum in the NC high schools suffered
from many of the same attacks which have been leveled at college and
university technical graphics courses. Criticisms of technical graphics tend
to center around one central theme: relevance. A common argument to be
“used is the relevance of teaching students manual drafting techniques. Even

after the move of many programs to 2-D computer-aided drafting (CAD), '
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there was still the question raised of the relevance of teaching a highly
specialized graphics language (whether it be mechanical or architectural) to
- a broad popﬁlati_on of students. Though many in the technical graphics field
have argued the general benefits of traditional technical graphics as a means
of developing spatial visualization skills (e.g., Bertoline & Miller, 1989;
Devon, Engel, Foster, Sathianathan & Turner, 1994; Leach & Matthews,
1992; Miller, 1990; Rodriguez, 1992; Sorby & Baartmans, 1994; Zsombor-
Murray, 1990), most look to our field as a source of applicable skills. -
Like architectural and mechanical graphics, scientific visualization
may be used to represent a physical object, but that object may be as small as
~ amolecule or as large as a solar system. :In addition, scientific visualization
may be used to represent more abstract systems. A system represents a
-physical or abstract model which contains a series of interrelating elements.
‘The goal, typically, will be to design an experiment in which the system is
probed and the system's responses are recorded. To bring this description
back to earth, an example might be setting up an exi)eriment to'better
understand an industrial boiler, the system. The boiler is probed by applying
heat to it and its response is measured by recording its pressure at various
temperatures. A traditional mechanical drawing could be made of this boiler,
and though these drawings could be useful in the construction of it, it would
not very helpful in understanding how the boiler functioned as a system. On

the other hand, a graph could be created of the relationship between -
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temperature and pressure. In addition, a three-dimensional model of the
system could be constructed and the effects of internal pressure on the boiler
walls could Be simulated and represented as rendered pictorials. In addition,
an interactive, dynamic multimedia presentation could be created as a
teaching tool to demonstrate the basic physical principles represented by this
system. All of these graphical representations are examples of how scientific
visualization is used to both explore and explain systems:

Unlike the architectural and mechanical tracks, the scientific
visualization track is not likely to prepare students for a vocation directly out
of high school. Instead, this track is likely to prepare for a program directly
related to scientific visualization at the community co]legé-level or
enrichment for a scientific or technical career in areas such as engineering,
technology, m_eéﬁcine, or the physical scie_qc_es. Therefore, students who are
likely to be at&aéted to this course sequence_-aré ones who are largely on an
academic track and may never have taken a vocational course before. The
conceptual basis of scientific visualization makes weﬂ suited for cross-
disciplinary activities with.traditional academic tracks such as chemistry,
earth sciences, and physics. In addition, schools with pre-engineering and
technology education programs will also have other courses which mesh well
with the scientific visualization sequence.

The scientific visualization courses cover a range topics which give
students both exposure to all of the major conceptual areas of what is

commonly understood to be scientific visualization and experience in a broad
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range of graphic techniques. Unlike many of the graphic techniques covered
‘in the architectural and mechanical areas, the techniques in the scientific
visualizatioﬁ area are more broadly applicable. On the other hand, reflecting
the more academic leanings of this track, the theoretical and operational

- basis as to why particular graphic technigues are used are covered in more

- depth. In-outline, the primary areas covered in the first and second level
courses are as follows:

- Introduction to scientific visualization - -

- Graphjng.lPlotting-. c

- Image Processing

- Animation and Simulation: - -

- .- Pregentation and publication -
lnt.rodu'.dtibn to Sciéhtific Vis"u'élil;zatioh' .

This area places scientific visualization in context with other technical
graphic communication methods. The concept of the exploration of systems is
introduced along with a review of the general types (ﬁ' systems which might
be explored, analyzed, and presented using scientific visualization
techniques. A foundation is built around an understanding of the different
types of data variables which may be used to describe both the proBing and

recording techniques used on the system.
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Graphing/Plotting

A taxonomy is presented which classifies visualization methods used

based on both the types of data variables which are nsed and the intended

audience of the visualization. In addition, the basic graphic elements used in .

graphing plotting are introduced along wrth a revi__ew of two-dimensional
coordinate systems used for organizing the graphic elements. Graphjng and |
plotting exercises are done based on a number of different application areas.
In some cases, data can be collected from experiments students create

themselves. In other cases, data may be gathered from both print and

electronic (e.g. Internet) sources. The primary focus in this section will be 2-

D graphing/nlottjng methods., done both by hand and using computer-based

tools.

Image Processing

This area focuses on area rendering techniques using image processing
techniques. Coupled with this section‘is an introduction to color theory: both .
its perceptual basis and computer-based generation methods. Through the
use of image proc.essing software, the basic principles of how such software is
designed and runctions is explored. Image processing exercises are based
around data gathered from published sources, both from i 1mages created by

the students (e1ther using all d1g1tal or a combmauon of photographlc and

d1g1tal methods) and wrth lmages acqurred through the Internet
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Throughout this section techniques used by professions which rely on image

processing techniques (i.e. medical and earth sciences) are examined.

Animation and Simulation

Two major new areas are introduced 1n this area: dynamlc |
ﬁsua]ization and. 3-D mode]ing teehniques. Dynamic.visua]ization fhrough
animation and simelaﬁon 1s shown how the: chailge 1n a system over time or
asa real-time resi)onse to user input can be represented. 2-D simulation is
explofed usiﬁg software tools mode]ing.either physicai (e g. kinematics/
dynam1cs) or conceptual (e. g v1rus models) systems. Smularly, 3-D modelmg
.tools can be used to create representatlons of systems Wthh can then be
| mampuiated to represent seme process. Usmlg these software teols, |
animations are created to represent a dynamic process. Coupled .With the
creation of animations from 3-D models is an introduction to rendering

. technmiques, including proper use of lighting, color, and camera position.

Preseﬁtation and p'ub:licati.on
| This last area focuses on the iﬁtegra‘sion of infermation .u‘sed to
re;.)resentl and anaiyze a systerri nto a fonﬁ which can be presented to an
:audienee. In:fermetion sources mclude textual and numer;c data m addition
to the graph1cs created as part of the wsuahzatlon The focus Wlll be on the
clear and concise presentatlon of necessary mformatlon to the mtended

audience. Exerc1ses will use mulhmedla presentatmn software which allows
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the integration of both static énd dynamic graphics. This last area can be
used as part of a capstone project encompassing both the scientific
visualization course and other related courses. The presentation process
emphasizes the use of multi-media types being integrated into a project that
extends from a comprehensive study about a given scientific subject..
Application of scienti__ﬁc visualization
In the creation of a visualization, the initial deéign is typically driv_en
by classification of the graphic along two.factors. First, is the visualization
going to be concept-driven or data driven. Aconcept-driven visualization is
typically generated from the development of a concept or theory devoid of any
empirical data. It does not mean that there doesn’t exist any data that either
supports or refutes the theory, but this particular exploration does not
require one. For example, if the goal is to represent the development of a’
volcano over time or the affects of harmonics on a suspension system on a car
it may be more effective to use diagrammatic techniques to represent the
phenomena than to graph data values. For this type 6f visualization, fhe
marks often have symbolic (semantic) meaning which is either assumed to be
generally understood or are explained through text. A data-driven
“visualization uses empirically or mathematically derived data values to
formulate the visualization. In this case, a specific relationship between data
values and the characteristics of the marks is defined so that a characteristic

varies in some predetermined fashion. In both types of visualizations,




. . 1n the scientific visualization course.
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additional graphic elements can be used to support the interpretation of the
primary marks.

The Second factor initially considered is whether the visualization is
going to be represented in two or three dimensions. Evaluation of both the
information to be presented and the capabilities of the computer hardware
and software being employed a__lso become factors in deciding on the
- dimensionality of the visualization. If the visualization is going to represent
time as one of its variables, then a decision also has to be made as to whether
time is going to be represented as a geometric dimension (e.g., an axis on a
graph) or through another means such as animation. Since both concept-

- driven and data-driven visualizations can be represented in either:-two or

‘three dimensions, a matrix of four possible visualization types is derived.
Though it is somewhat arbitrary, the four visualization types are: 2-D

- concept-driven, 3-D concept-driven, 2-D data-driven, and 3-D data-driven.

- These types can be used to as' means of classifying assignments and examples

Concept-driven visualizations use diagrammatic techniques which are
somewhat problematic to classify. When describing the classification or flow
of information traditional charting techniques such as hierarchical charts or -
flow charts can be used. When representing complex biological or ecological
processes, graphic elements can represent simplified or symbolic versions of
components of the original system. For example, a virus invading a lealthy - _ o

cell might be represented by a collection of geometric primitives whose shape -
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and color represented the major components of the cell and virus. Often a
decision has to be made concerning the realism of the representation;
weighing dji'ect visual connection with the real object and the clarity and
simplicity of a more abstract representation.

Data driven visualizations, by their very nature, are more easily
classified. The type of visualization and the mark characteristics to map to
the data can be chosen using a taxonomy of data characteﬂstiés (Bertoline,
Wiebe, Miller & Nasman, 1995). First, since data are derived from empirical
work or mathematical expressions, independent and dependent variables can
be identified. However data are being derived, the experiment or formula
-.can be thought of as a 'system' that has both inputs and dutputs. The
independent variable(s) is/are manipulated by the researcher/engineer/

technician and ‘input’ into the system while the dependent variable(s) is the -
observed ‘output’ results. The variables; both independent and dependent
can, in turn, be further described as being either qualitative or quantitative,
with quantitative data being further classified as being either ab_soluté, ratio,
~or relative values.

Impact on future carriculums.

‘A curriculum of this type will directly influence the type of student
that will want to take a graphics class at the secondary level, as well as thé
visualization skills of students take with them either to college or work.

With a scientific visualization curriculum, secondary education graphics

teachers will have students wanting to understand visual science theories
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- and apply these visual techniques to more than just mechanical or
a.rchitecturall areas. In North Carolina high schools, technical graphics has
mainly beeﬁ'offered-to students wishing to study a vocational draftmg
curriculum that emphasizes either mechanical or architectural areas. The
new scientific visualization curriculum will bring a new type of student to the
classroom; students that want toapply visual technigques to areas of interest
beyond these traditional areas and into academic areas that include math,
science, technology, chemistry, physics, and biology..' This new curriculum

- will allow these nontraditional vocational students to see how visual science
can be applied to other career focus-areas. ‘Although the basics of
visualization is the same no matter what career focus a sfude’nt may have,
students going through the scientific visualization curriculum will have a

' broader background in using their visual skills in nontraditional ways.
Although this new curriculum is developed as a vocational track, the

- concepts and information used throughout the curriculum can easily be
integrated into math, science, and technology education classes. Technology
educatioh teachers throughout the state can use the curriculum structure, as

well as its data or conceptual-based problems, to teach technology students

- ways to manipulate technical, mathematical, and science related data and

- visually see the results.- This is yet another way for technology education
teachers to develop visualization skills within their students through
classroom instruction and laboratory-based problems, as well as demonstrate

the direct integration of technology to other scientific related areas.-
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Scientific Visualization Curriculum Outline

The curriculum team for this project consisted of teachers and
ad;_m'nistrators from both secondary and post-secondary education. .'_I‘hese
pro_fessionals came from the disciplines of technical graphics, biology,
physics, science, technology education, communit_y co]lege.in_strur_:.tors of
scientific visualization, State Department of Pub]ic Instructﬁioq, and
represen.tations from the university system. Each mex_gber copt;ibuted to the
currisulum representing their expertise in a majpr field of study directly
related to the scientific visua_l_ization qurriculum. Although this pr_oje_ct was
an in_teé‘rated_ approach to cu:priculum developm_ent, over half _of the

participants were teaching or had taught technical graphics. |

After one year of development, a first year course in scientific
visualization was produced and distributed to graphic teachers across the
state (Carolina, 1997). The curriculum team decided to have five major.
competencies for this new curriculum. The first competency, mandated by
th(? North Carolina State Department of Public Instruction, centered around
leadership development. This competency is designed to give students basic
leadership skills, as well as develop a career plan that will include the
information taught within this curriculum. The second major competency
developed for the curriculum is designed to teach students the basics of
problem solving using design concepts through the process of involving

visual science theory. Total Quality Management (TQM) tools are included
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within this competency to aid the students in finding solutions to problems
and deirelop consensus bqudmg fneaéures. While students are working on
problem sblvihg and critical t.hi'nkjng: skills, corﬁpétency fﬁree teaches the
students how to use the cdniputer'as a tool for visua]i'zing. sciéntiﬁc data and
information. The fourth and fifth corﬁpeténciés are the most derﬁaﬁdEg from
the student. These competen'cie's réqﬁire students to learh diﬂ'ere.r'lt
| visu.él]ization .principles' needed for aﬁélyzing i.nformétioﬁ and appiy this
" k_ﬂowledge towards a scientific p.fobiem using a compu.tér. Elghty percent of
the course is conducted around these two competencies. Méjor focus areas for
coinpetencies four and five includé'_the fo]]ov;ﬁng: coordinaté éy.stems., spatial
relationships, time reptéséntatioh,'g'ébm.étric 5hai)és, ternﬁlnzollogy, |
orthographic projection, pictorial projection, shape properties, color,
- qualitative and quantitative data, dependent and independent variables,
~ scales, and technical presentation skjjls. Listed in Table 1 are the major
- components and concepts for this curriculum.
Training needs for secondary teachers
One part of the grant received for developing the scientific

visualization curriculum included funding for training educators to teach this
new curriculum area. The Graphic Communications program at North
: Carolina State University was awarded this funding to provide a oﬁe week

workshop each summer for two years beginning in 1997.: -
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-Table 1 Scientific and Technical Visualization I Curriculum Qutline

1. Leadership Development: :
- Basic techniques for parliamentary procedure
- Steps for processing a motion/vote -
- Establish goals
- Identification of career goals

2. Apply Problem Solving and Design Concepts:
- Explain the concepts and principles of problem solvmg and
design
- Apply problem solvmg and des1gn methodology

3. Basic Computer Knowledge and Concepts:
- Identify and explain basic computer terms and concepts
- Advantages and dlsadvantages for using computers in
scientific visualization R
- Apply concepts and prmcrples of computer file management

4 Visualization Principles:
- Identify and explain the application of description systems for
space and time
- Explain the fundamental concepts of shape description
- Identify and explain visual properties of objects
- Describe visual methods for representing data-driven
visualizations
- Describe visual methods for representing concept-driven
visualizations :

5. Apply 2-D and 3-D Visualization Techniques:
- Design and evaluate a simple visualization ,
- Produce computer-based concept visualization projects
The workshops were designed for teachers that have been involved with the
project the previous year, as well as for new schools to become involved with
the project. Each workshop was 20 hours in length, with the advanced
workshop emphasizing problems to be used with students for the curriculum,

and the introductory workshop to begin the basic development of what the

new curriculum entails. Both workshops used the Internet as its primary
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resource of information and the teachers were taught how to access this
information and use it during the new school year. - -
Example problems | |
Scientific problems were developed for th.e teachers to use in the

classroom These problems were in areas related to des1gn, technology,
blology, physlcs chennstry, and earth sc1ence These scientific visualization
problems w1th example solut10ns were placed on a webslte that was accessed
during the workshop and can be used bp the teachers for.the coming year
with thelr students (Wlebe & Clark 199 7) Each problem begins with an
1ntroductory statement explaining the background m_formatron needed for
starting the problem and the data or m_formatlon needed to ﬁnd solutions to
the problem. References are indicated for each problem, as well as a
comprehensive- listiné--of websites that students can use to find the needed
information or-background to begin work totvards the solution.
Downloadable files are 1ncluded in some problems for additional aid in
workmg the problem. These ﬁles mcluded ]pg st'J]l images, .avli animation
files, and g]f screen captures that can demonstrate What the problems
‘entails or can be used in working the problem to completion. Each problem
requires the students to use research, visualization, and computer graphic
skills. Some problems require the use of a graphing software package, others
needed a modeling package. Most problems can be enhanced through the use

 of advanced modeling strategies and incorporating animation into the final
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visual solution. Listed below are some example problems used during the

workshop:

Physics Problem Example (Figure 1):

(Wiebe, 1997)

Though many areas of physics lend themselves to visualization,

' NeWtonian physics stands out as an excellent example of how 3-D and 2-D

visualizations can help support learning about physical principles. Formulas
representing thé principles of Néwtoh_ian mechanics often use coordinate
space values both as independent anti..dependent variables. These values can
not onljr be represented in traditional graphs, but élso as symbolic models. In
this problem, we will také the example of a cannonball being shot from a
cannon and model it in a 3-1) modeling package, TrueSpace™ (Figure 1).
Numerous elements of weather systems can interact to cause

catastrophic events. One example of this is the flooding in the Red River
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Valley this past spring Earth Science Problem Example (Figure 2): (Wiebe,
1997). What were the factors that converged which help cause this
particular event? Allen Voelker, a meteorologist with the National Weather
Service, put together a short essay entitled, Anatomy of a Red River Spring
Flood. In explaining why the Red River flooded this spring, but not in 1994,
Voelker points to temperatures in the early spring as a key factor. In this
exercise, we will g;ap_h- ..(iata. on: temperature, precipitation, river height, and
river volume (disc_:ll_'alr_rg'é._)_._‘:'The raw data was collected from web sites listed on
the resource page, 'ﬁnb;)rted into an Excel™ spreadsheet, cleaned up, and

then imported into DeltaGraph™,

Discharge {cu ft/sec)

160000 ...
140000 1

60000 7

L4000 4

: Figure 2

(Wiebe, 1997)
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Biology Problem Example (Figure 3):
(Clark, 1997) |
In 1892, a Russian biologist by the name of Dimitri Ivanowsky made a
revolutidnarj discovery.. Afte;' years of research and e#péfi:niénts on tobacco
plants infécted with the tobacco mosalic diéease, he t#ansmittgd the disease to
healthy piants by rubbing them with juice extracted from the infected plants.
In 1935, a sciéntist by the name of W. M. Stanley found that virusgs.are very
different than bacteria, in that viruses have a noncellular organization. As
research continued, information about the structure of viruses became known
and that parté of any virus ir_lcluded a chromosome-]jke part, surrounded by
| | a protein coat, and all viruses have a capsid, DNA or RNA (inside the head of
the virus), and a tail (or tail fiber). Each virus type has a different known
shape or structure that allows it to be recognized, as well as a life cycle for

which it can reproduce (Mader, 1993).
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Since viruses can only be seen by powerful microscopes, this scientific
visualization modehng problem 18 to acqualnt students in recognizing the
various shapes and hfe cycles of v1ruses through the process of making both a
simple physical model and a vu'tual model of a virus type on the computer.
The physical model Wﬂl be used to demonstrate the major parts of a virus
and the computer model will be nsed to actua]ly model all components of the
virus. Animation can later be used to show movement of the virus through its
life cycle. Scientists often make these types of models to study possible viral
structures, and model ways viruses may bind to host cells. Modeling
materials and Truespace will be the primary resources needed for completing
this problem (Figure 3).

The Next Stage. Sment:flc and Technical Visualization II

Durmg the 1997-1998 academlc school year, teachers that developed
‘the mtroductory curriculum over the past year began p]lotjng classes in their
schools start]ng in the fa]l of 1997. Durmg th_ls same tlme teachers are
| meet]ng to talk about and perfect this mtroductory curnculum, as well as
write a second year course titled Scientific and Technrcal Visua]ization II.
These teachers will also work with the new teachers that came to the
ihtroductory 'nvorkshop and heip train and develop their khoWledge in the
teaching of th_IS curriculum. During this year both the veteran and starting

teachers mvolved with this prOJect will receive tra1n1ng on software and




Scientific Visualization 44

computer hardware to be used for both Scientific and Technical Visualization
I and II.

This second year course will mainly center on 3-D graphics and image
~ processing. Since it is a sécond level -#ocati_onal course, the curriculum will
- deal with more applications than cognitive knowledge-based learning. The
end result for the project is to have a curriculum were students understand
and apply their visualization skills in scientific related fields. It is the goal of
the curriculum that upon completion |
~of both classes, students may want to pursue a career using these skillsin a
science related profession, or relate these visual skills to other professions
while enhancing their capabilities at using graphics as a career related
function.

Techhology Educa't.ion’s’ Role within Sciéntific Visualization

Scientific Visualization uses current technology to better describe and
analyze scientific and technical concepts, as described in the above examples
and information.: Technology education within the state has many things to
consider during the development and implementation of this new curriculum.
-First, scientific visualization does not limit itself to just vocational bound
students, but is a process and skill that all students can use once graduating
" and working within scientific and technological areas. Therefore, basic
visual communication skills traditionally taught through technical drawing

and graphic arts within the state’s technology education communications
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curriculum needs to include the basics of scientific visualization and teach
students how visualization skills can be used outside of engineering fields.
Since our goal in technology education is to provide a general education in
technological literacy for all students, scientific visualization will broaden
our curriculum to include those areas of visual communication currently
being left out and will prepare students to integrate these visualization skills
in other professions.

Second, technology education teacher educators need to consider the
‘demand for a “well-rounded” teacher for teaching this type of curriculum.
~Currently, teachers involved in the pilot sites using this new curriculum are
- science and vocational technical graphics teachers. Science teachers know
the content, but graphic teachers know the processes for visualization.
\Scientij.ic vi.suajjzat.io_n, with it's content and v_isual processes, requires the
lintegration of both the academic and Vocaﬁonal areas related.to the subject.

. Science teachers are prepared through a four-year degree to teach one or
more areas related to science education. Vocational technical graphics

-teachers are hired usually from industry and most have no formal training in
teaching or have a baccalaureate degree related to science or education. Itis
the opinion of these authors and other professionals in the field of technology
education that graduates with a traditional four-year degree in technology
education are better prepared to teach this type of integrated curriculum.
Therefore, students who have graduated with a degree in technology .

education and have gone through the extensive science, mathematics,
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physics, education, and graphics courses during their teacher preparation are
the best catalyst for integrating the science, visual, and technological
principles together that this new curriculum requires.

Finally, the r_ole_ of techl_lology teacher education 111 the future
- preparation of technology teachers for the state needs to include scientific
visualization. As technology education teachér educators in North Carolina,
it 1s our duty to look towards th'e.fu_tu:_re and determine _wha_t new concepts
and content of information is needed to better prepare technblogy teachers
for successful employment. Scientific visualization is a doncept"fhat |
technology teacher educators need to consider as a part of their teacher
training. Thr_ough the use of bétter and moré advance_d‘softw.are and
hardware, scientific visualization will contimié to gi'ow within its related
professions and need inore people to understand its use and overall function
within the scientific community. This objective for the integration of the
sciences with technology._is oné cdmpeteﬁcy our pr_oféssion needs to address.
Technology education teacher educators can aid in this endeavor by
providing that basic, overall understandihg of what 1s scientific and technical
visualization and train new teachers to teach this content area so they can in
return, teach it to their s_tll_dents, our future scientists and technol_ogists

learning to live m a technical world.
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Cross Gender Interaction in

Technology Education

Though the traditional "industrial arts" programs of the
1950's which involved woodworking, metalworking, and other "shop”
areas were heavily male dominated, modern technology education
appears to be more. appealing . to females. At one time there were
very few female students and almost no female teachers in
industrial arts courses, but as the discipline began to evolve
towards a study of tecﬁnology during the 1960's and 1970's a
trickle of femaies jéined our ranks. This tfend has ceontinued, and
now there is a growing female influence in our various programs
in the USA and in other countries as well.

In the 1950's, the boys who enrolled in industrial arts shop
courses, and the men who taught those courses, viewed them as a
"man's world" and there was little effort tc be "politically
correct" in the modern sense of that phrase. Though there was
great variety, some shops even had somewhat of a "locker room"
atmosphere in which speech patterns and jokes that would be
unacceptable in general public were largely ignored. As females
began to enter the field of industrial arts, male teachers and
students had to become more sensitive about what they said and
how they expressed themselves. Now that there are many more
females in technology education than ever before (and the number

is still growihg), to what degree have we established a common
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understanding of what may be said or done within our profession?
In-other wordé, are there recognizéble cultural mores for
accéptable cross gender”intéraction in technology educatioﬁ upon
which the men and women in our profession can agree?

At the game time that more females have been eﬁtering
technelogy education, changes have been occurring iﬁ'ﬁhat ié
considered acéeptable behavior in geﬁeral gociety. In the 1550's
there were fairly clearly undérstoodllinés of speéch which most
pecople generally knew were not to be crossed. This especiéll? was
trﬁe in regard to sexﬁaliy orientéa comménts;.jokeé, gestures;
and speech--it was well understood thaﬁ such things.were not |
talked about in "mixed companY". The libérél movement of the.
1960's began some change’in those:cﬁltural mores and today much
of What ﬁould have seemed absoiutely taboo in thé 1550'5 is
pfesented openly on television dﬁring the "family‘héurs".both'in
programs and in commercialIadvertisements. So, on the one hand a
male technology teacher who wishes to make his classes more
appealing to females might feel hé éhould maintain a very
conservative atmosphere within the class, but on the other hand
the females may not expect that in today's liberal social
climate. How can males and females interact most comfortably
within technelogy education?

Though some research has been done concerning fairness of
opportunity, attractiveness of topics/approaches, and ways to
encourage more females to enter the profession (ITEA, 1594;

Liedtke, 1985; Markert, 1996; and Silverman & Pritchard, 19%6),
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there is still a need to determine how men and women feel about
the cultural atmosphere w1thin our profession, our classrooms and
laboratories, and how teachers and students interact. This study
was a beginning in the effort to assess how profeSSionals in
technology education feel about certain issues and whether the
perceptions of men and women differ on those issues concerning
cross gender 1nteraction in technology education Since some of
the topics are sensitive in nature, perhaps some are even taboo
for some people, this work and its f1nd1ngs must be viewed as
establishing a starting place rather than as etching permanent
conclusions LikeWise, the cultural mores of our soc1ety and
w1th1n our disc1p11ne Wlll not likely stagnate today, so
continuing work will be needed to track the evolving cultural
.climate within our discipline as.it relates to the world around

it.

.Methodology

A survey of technology education professionals was conducted
at the 1997 Technology Student Association (TSA) national
conference in Washington, DC, June 23-27, 1597. Volunteer
participants were sought at the "Advisors' Update" meetings held
each day of the conference. Respondents were asked to complete
the form while at the conference and return it. Questionnaires
were distributed to volunteers at the door and a brief

announcement describing the study was made during the meeting. Of

52




Cross Gender Interaction 53

the 150 questionnaires distributed, 113_werelretﬁrned. Howeﬁér, 8
of those were incomplete, so the final sample cbnsisted of 55 (39
females and 56 males) for a response rate of_63.3%. A_few fofms |
were returned with disparaging remarks such as "None of your |

business!“ and "I'm here for the benefit of my:students,
not to do yoﬁr survey ...". One man.brought the questionﬁaire
back to the researcher and said he was:offended by the gquestions
-and refused to participate, so there is some admitted degree Qf
controversy involved here. | |

The questionnaire included a brief_@emogréphics éectioh to
find_respondénts' gender, age, marital status, yeafs of -
technology“teéching experience, numbers of male and female
siblings, and'ages of students they taught; Thgse demographic
factors were used_in analysis of some issues éonsidered in the
survey. | |

Most of the survey consisted of 52 items intended tdu
determine respondents' peréeptions_qn.issues of sitﬁations.
Rather than using traditional Likeft scales fo# these items, each
statement was followed by a continuum and respondents were
instructed to mark each con;inuuﬁ with an ﬁX" to indicate théir
perceptiqn. This was a variation of a technique uséd by Thurstone
nearly 70 years ago and altered by others following him (Mueller,
1986)..Ea¢h_continuum was marked "Q".on the left end, "100" on
the right end{ and had the cenﬁer_mafked with "50". These three

points on each continuum also had verbal descriptors related to
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the item. In all cases, the left end of the continuum represented
conservatlve (1950 s) values or perceptlons and the rlght end
represented llberal "anythlng goes" v1ewp01nts ThlS was noted in
the general instructions at the beglnnlng of the questlonnalre
'Part1c1pants"responses were scored by actually measur1ng

the pOSltlon of their "X' on each continuum and enterlng the
measured p01nt (any whole number from 0 to 100) into the
computer Thus, all marks below 50 would represent some degree of
conservatlsm, but a mark at the 13 p01nt on the cont1nuum would
be con51derably more conservat1ve than a mark at the 37 point on
the same contlnuum Some respondents actually c1rc1ed the
keywords occurrlng at the 0 50 or 100 points on the contlnuum
for some 1tems, and thelr scores for those items were entered as
0, 50; or 100 respectlvely | |

| Slnce part1c1pants' response marks could vary between 0 and
100, the data were treated as continuous and were averaged and
analyzed via comparison of means with SAS'statistical software.
Omnibus tests used the GLM varlatlon of ANOVA and comparison of
.means used the LSD optlon for t testlng: The 05 level of
51gn1f1cance was used for all tests. | |

A geries of open response items at the end of the

questlonnalre also provmded opportunltles for respondents to
comment more freely The entire 1nstrument was lengthy and the
four colleagues (2 male and 2 female) who field tested it |
requlred an average of just over 17 minutes to complete it all

so there were many respondents who dld not respond to the open'
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response items or who only commented on one or two of them. The
four colleagues who helped to field test the' instrument agreed
that it was long but that the difficult nature of the problem and
its importance outweighed this consideration. Only minor

editorial revigsions were made after the initial field test.

Findings

The demographic section of the questionnaife found that
there were 39 female and 56 male respondents. Other demographic
iﬁformation is displayed in Table i. Some.of these faetors were
used in later analysee to see if they infiuenced reSpondents;
perceptione of:the issuee;. | | | | |

| The first sﬁbstantive.item aeked how participanﬁs.felt about
the feminist movement. With the continuum marked "O=against it",
"55=disinterested", and "106=a NOW activist", fhe mean response
was 57.5 and there wae no significant“difference between_the
perceptions of men and.women. Anotﬁer item asked how women should
feel ﬁhen a man holds a door or offers to carry a parcel. The
mean.of 14.5 was very near the "pleased" end of the continuum and
there.was no difference between male and female berceptions. |

| The next.issue wae "In terme’of_acceptance of 'off color'

sexually oriented speech and behavier; I consider myself to'be:"
"0=A reai prudeﬁ, 550=average", ﬁlOO:lewa"; The overall mean was:
39.6 with a range of 5 - 81 for women and 0 - 160 for men. There

was no significant difference between the groups. In the

55




Cross Gender Interaction 56

following item, participants were asked how they felt their
colleagues would perceive them on this same continuum and: both.
groups moderated slightly. toward the center with an overall mean
of 43.7 and ranges of 17~$3 for women and 0-83 for men.

One continuum was used to determine whether participants -
thought men and women are treated fairly in technology education.
The three points identified on the continuum were "0O=advantage
men" "E0= fa1rness" and "100 advantage women" . There was no
s1gn1f1cant dlfference between the means of males and females on
th1s 1tem though there was a sllght trend for women to 1nd1cate
preferentlal treatment favorlng the men. The overall mean of 44 .4
1nd1cates relative fairness with only sllght advantage to.men..
The means .and ranges of the two groups were: Women 41;7; 0-70,
and men 46.2, 16- 100 | i o

A series of six contlnuums were.used to assess partlcfpants'
perceptlons of "sexually orlented comments jokes gestures or
speech". Each contlnuum was marked "O absolutely forbldden“ |
"50=0K if tasteful" and "100=anyth1ng goes" . Half of these 1tems
spec1f1ed s1tuatlons in whlch only “your own gender" is present
and the other half 1ncluded "the oppos1te sex" There were three
s1tuatlons 1) students present 2) on duty, but no students
present and 3) off duty (lounge or eatlng out at a conference)
There were no slgn1f1cant d1fferences between the means of men
Tand women on any of these contlnuums and all of them were below

36, 1nd1cat1ng some degree of prohlbltlon There was, however, a
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definite pattern in the means. Means were a few points higher
(more liberal view} when only one gender was present and they
also were higher for the "off duty" settings. When students were

present, the means were much lower, indicating that a higher

.standard of decency is expected when working with students. These

means are presented in Table 2. Of all of the analyses performed

with various demographic sub gfeﬁpiﬁgs, the only one which was

significant was that women who had one or more brothers were less

tolerant of such comments.and jokes in mixed compeny then were
women who hed no brothere, F(1,37)= 7.01, p=.0119. o
One.item asked how participants felt about thelchanging

social climate: "The social trende of‘our.fimes have led to more
aﬁpafent general acceptence of crude end.sexually eriented -
language in many settings; In my view'this change is:"“
uo=disgracefui", “50=OK",."1b0=open & healthy“. The overall mean
of 23.4 indicates a eonservetive.viewpoint andrthere was no |
difference between the views of meiee and.females..However,
teachers with more than tennyears of experience were mofe
conservative‘in theirlperception thanktheir less experienced
colleagues £(1,9Q)= 4.87, 9=.0298. Thiellikely reflects a treﬁd
in general eociety for each succeeding generatien to be more
liberal than it predeceseors.. | | . |

Another item stated:.ﬁI enjoy teliing ehd,hearing.sexually.
oriented jokes in general"; The continuum was marked: “O;never";
"50=in limited settings", "100=very much". The overall mean was

29.7 and there was a significant difference between the views of
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men and women on this item, F(1, 88)~ 4. 87 p=. 0300. Though both
groups' means were con51derably below the mldp01nt of 50 men

(34.4, range-0—90) reported that they enjoy these sorts of jokes

more than women (23. 1 range 0-77). The less experienced teachers,

-also llked these jokes more than teachers w1th over ten vears of
experlence, F(l 88)- 6 36 p- 0135. | |

| A series of four 1tems asked about gender spec1f1c but non
pornographlc jokes As before, half of these 1tems 1nvolved
s1tuatlons in Wthh only one's own gender was present and the
others 1ncluded mlxed company Two of the.ltems asked about jokes
wh1ch were "gender spec1f1c but not derogatory {or only mlldly
so}, w1th plays on 'male macho' or 'female sens1t1v1ty'". There
were no 51gn1f1cant dlfferences between the genders on these two
1tems, but there was a trend that showed more llberal views when
only one gender was present One gender mean = 36.7} mixed
company mean = 33.9; The remainfng two items in this series
concernedhjokes which are "gender specific and intentionally
derogatory but not pornographic (male.imnaturity/impatience,
impulsiyeness PMS driving} 'dufnb.blonde-I etc )l. These means
were lower than those for the less offen51ve jokes above There
was no s1gn1f1cant d1fference, though the trend showed sllghtly
greater enjoyment of these jokes by males when only w1th other
males: The overall means were: One gender meanﬁs 33.6,mmixed
company mean % 30.8f | . | |

One 1tem was 1ntended to summarize our profes51on s current
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social climate. It read: "In most regards, I feel that
professionals in technology education correctly recognize the
expected language and behavior patterns‘in Cross gender
relationships, and they act/speak accordingly." The continuum for
this item was marked: "0=No! Too crude"; "50=Yes, OK"-.and'
ﬁlOO:No! Too stilted". Men and women did not differ in their
perceptions on this item and the overall mean was 45.2, jnst |
slightly lower (cruder) than the "OK" point on the continuum,“
Again as in several other items, teachers with more than ten
years of experience held s1gnificantly more conservative
viewpoints, F(l 91)- 5.06, p=.02659. |

Another series of items concerned appropriate ways to greet
colleagues and students. The continuums for all of these items
were marked: "0=No!, forbidden"; "S50=CK"; and "100=Yes,
encouraged". Participants agreed that it is appropriate to greet
both, same sex and opposite sex professionals and stddents.with a
handshake--the means were 83 for both genders'of professionals
and 77 for both genders of students, |

Greeting with an embrace, however,'was not encouraged in
general. There was no Significant difference between the
viewpoints of males and females on the appropriateness of
greeting opposite sex professionals with an embrace, and the
overall mean was 39.9 which is below the 50=0K point on the
continuum. However, when asked about greeting same sex
professionals with an embrace, men and women differed

significantly, F(1,92)= 9.06, p=.0034. The overall mean was 36.81
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and the responses.of both men and women had a range of 0 to 100,
but the mean for women was 46.1 and the.mean for men was 30.2
indicating that (with some exceptions) men rarely thought.it'was
appropriate to greet each other with an embrace end women felt it |
was very near the "OK" point on.the continuum. Both men and women
agreed that 1t is not approprlate Lo greet game Sex or oppos1te
sex students w1th an embrace (means of 18.6 end 19. 1
respectively). |

A serieg of sik items asked:ebout the appropriateness of
touching of coileagues or students "on the shoulder" In all of
these 1tems, men had 51gn1flcantly hlgher means than women,
show1ng that they encouraged touchlng more, and in each case the
men's mean was a little above the "50=OK" point on the continuum
and the women's mean was just below that central marker. The_
overall means were; Touch same sex professional, 57.8;.touch
oppos1te sex profe551onal 52.8; touch same sen.student,.és.S}
and touch opp051te sex student, 45.3.

The overall mean response to the query: "Americans.are too
coid and insensitive, we should encourage touching among
professionalsﬁ.was 40.8, about ten points”below.the TOK™" point on
the continuum; but it Qas the men who marked this item |
significantly higher (women = 28;3, men = 49<6), F(1,92)= 14.09,
g=.ooo3}. IR | . B |

Likewise, the:statement "We should touch and positively:

stroke students" had an‘overall mean of 32.2, and both men and |
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women agreed that it should be considerably below the central
“OK“ marker. However, again it was the men who scored it
significantly higher than the women, F(1,90}= 4.23, p=.0426, with
‘means of 37.4 and 24.5 respectively. |
The subgroup of teachers with less than ten years of
experience had significantly higher means (showing greater levels
of acceptance) than their more experienced peers on: -
-- "Greet opposite sex student with émbrace", F{(1,91)= 5.8¢6,
p=.0175;
-- "touch same sex professional", F(1,92)= 11.68, p=.0009;
-~ "touch opposite sex professional", E(l,BZ): 16.13,
p=.0001;
-- "we should encourage -touching among professionals"”,
CF(1,92)= 3.99, p=.0488; and
-- "we should touch and:positively stroke students”,

F(1,90)= 10.68, p=.0015:

The.last series of items.usihg-cohtinﬁums for.responses was
titled, "What would you do if:",.énd it asked réspoﬁdentg how |
they woﬁld handle potentially embarrassihg or otherwise |
uncomfortable situations. Each continuum was marked: ﬁ0=ﬁo!
Chastiser"; "50=OK, ignore itr"; and "106=Yes; Encourage". None of
these situations was marked 50=0OK or higher by either men or
Qomen, but thére were somé significant différences in how harshly
men and women.ﬁould react to some situations. The statements for

which there was no significant difference between male and female
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viewpoints are listed below along with their overall means:
-- "A colleague touched you and you did not like it", 25.3;
-- "A student complained about being touched”, 18.2;

-- "A student said something sexual that you did not like", 8

-- "A gtudent said scomething that offended other students", 5

-- "A student used a crude, but not sexually oriented,
word", 13.2; and

~-- "A male student uninvitedly "takes over" a difficult task

from a female student who was struggling to do it", 26.6.

Three other: statements were rated equally low by both males and
females, but yielded significant-differences in sub analyses from
the demographic data:

"A colleague said something you did not like" had an overall
mean of 18.8, but women who had one or more brothers rated it
significantly lower than women with no brothers, F(1,35)= 5.48,

=.0251.

Likewise, "You noticed a professional of the opposite sex
taking'an obvious, but uninvited, ;second.look' at fou".had an
overall mean of 36.9 and no 81gn1f1cant dlfference between the
means of males and females, but there was a 51gn1f1cantly lower
mean for women.who had one or more brothers, E(l,37)= 7.03,

o 0117, o _ : : - L

| Simllarly, "A student comments on another student s body/sex
a}_:>}_:>.eal"l found no dlfference between means of males and females H
(overall mean % 13. 2), but men who had one or more srsters rated

1t 51gn1flcantly lower than men with no sisters, E(1,50)= 5.75,
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p= ..0232.
The men were significantly more tolerant and'lesé'likely to
chastise than the women in each of the follo@ing situations: (the
overall mean and the F test results are given with each .
statement) “ |
-- "A student touched anotherIStudent who seemed nof to mind
the actién", 35.4, F(1,89)= 5.48, p= .0215; -
-- "A student touched another student who féboiled“, 11.22,
F(1,89)= 4.11,:p= .0457; o |
-- "A student used derogatory slang.about_homosexuals",
11.33, F(1,87)= 10.93; P= .0014; | |
-- "A studént calied another“student a-'fag'"; E(l,B?):
8.25, p= .0051; and | o |
-~ "A colleague used a crude,.but not Sexually.oriented,
word", 24.8, E(1,87)= 4.73, g; .0323. |
One item was only to be answered by the women. The statement
was, "A male colleague uninvitedly 'takes over' a difficult task
from you when yoﬁ are struggling to do it (méles omit)". The méan
for this item was 25.0 and none of.the.demographic subgroupings
were found td be different. | o |
The finai section of the éuestionnaire consisted of the oﬁen
responsé items. The first of these was, "If a colleague asks you
out, and you do not wish to go, how many timES'may they try again
before you feel théy have crossed the line ﬁo be harassing you?"

The overall mean response on this item was 2.12 and there was no
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significant difference between the means of men and women. The
ranges of responses were: Men =0 -7, Women =1 - 5.

Three items asked how respondents would 51gnal that they
disapproved of actions or speech of others Facial express1ons,
frowns, backing away, and looking away were all mentioned
frequently. Only a few respondents said they would confront
the offending party openly, and_they would do this only if the
situation became a severe problem Most respondents agreed that
normal people would recognize these "signals" of disapproval, and
that they generally respond accordingly

One item asked:."If a colleague desired to tell a crude or
sexually oriented joke in mixed company and asked permission
(hinting at its.content) would you.feel uncomfortable about
answering truthfully°" To thlS question, 21 respondents answered
yes and 40 answered no. ThlS was followed with: "In most cases,
would you allow them to tell it?mw ResPonses were yes.= 37, and no
= 24; So;‘despite the fact that (1n an earlier 1tem) the mean for
appreciation of such Jokes was below 30 on a scale of 100 and
the fact that another preVious consensus mean of 23.4 showed that
respondents“believe our society is becoming'too.crude over 60%'
of the respondents would allow someorne to tell "off color" jokes
in mixed company if they were asked for permiSSion Many people
evidently tolerate behaVior that they do not appreCiate

Three items concerned respondents' general comfort level
within technology education. "Do you generally.feel comfortable

among opposite sex colleagues in technology education?" (yes =
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59, and no = 4). "Do you feel that colleagues ef your own gender
generally speak and act in appropriate Qays around people of the
opposite sex?" (yes = 61, and no = 5). The final item in this
series asked if respondents.felt that““inappropriate or excessive
use of profanity, gestufes, and/or sexually suggestiﬁe language
and jokes by males is.a:major factor:in explaining why ﬁore womer
do not enter the technology educatien'profession?ﬁ Oeiy one ef
the 59 participents.who responded to ﬁhis item aﬁswered yes..

| Other free response items also yielded some interestihg
findings. Of those who chose to respond, thirty (19 male and 11
female) said thaﬁ”they wouid "tell theh& if a colleague said
something they found offensive. Only three whb enswered this |
question said they would "ignere ic", end.ali three of these were
females... | | | |

A followup item asked if the;e are "universaily understood

signs which let most people understand thaﬁ something they have
said or done has crossed the line of the recipient;s comfort or
sense of decency" and what those signs are. Of‘those.who |
responded, 20 males and 32 females.agreed that there are such
"signs", but they listed a broad range of examples from "the evil
eye" to l.'slap!". Most examples, however, couid be grouped into a
few categories: Facial expressions were cited by 22 respendents
(10 mele, 12 female); avoidaﬁce or backing away were mentieﬁed by'
21 participantsr(s male, 15 female); and more assertive |

techniques (ranging from "flip the bird", to confrontation, to
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"gslap") were cited by the remaining nine participants.

| When asked to describe events'in which a colleague made them
feel.uncomfortable, 13 participants chose to respond. 0f these,
seven cited the telling of.offensive jokes by colleagues (one of
these cited both sexual and racial jokes). Two respondents said
students often talk too explicitlylabout sexual‘matters. One
female said.that.a male colleague talked openly to her about his
sexuallproblems, and she did not know how to stop him since she
had already tried avoidance and facial expressions but did not
want to confront him..A male respondent condemned the posting of
a cartoon about AIDS w1th a hate message against gay people at
work A young female had two complaints That an older colleague
seemed to target her with offenSive jokes despite her av01dance
techniques, and another male colleague who nearly always greets
with a hug which she does not apprec1ate The most offensive
event was reported by a female who said a male colleague made
suggestive comments about her body in the presence of others' As
offen51ve as these examples are, however, only 13 of the 95
participants responded to.this item“at.all.

Of the 21 responses to the final free response and
"comments" item, 10 were entirely positive and commended our
profe581on on 1ts pos1t1ve Cross gender interactions Four |
respondents mentioned problems they had experienced w1th dating
w1thin the profession or being asked out when they did not wish
to go. The following guotations.are noteworthyi . |

-- "Need more communication";
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-- "We should all monitor the reactions of others and adjust";
-- "All people should be treated with respect";
~; "Less emphasis should be placéd on divisive issues: Race,
sex, religion, etc."; | |
-- ﬁGéﬁting girlé into TE earlier will.increésé female #'s
and ény probiems wili diééﬁpear“; and | . |
-- "The type of personality.of woméﬁ encountered.in é male
dominated area usually provides for an easier mix of
attitudes and doeé not allow for siurs to be seen in
every action." | | ”
This lést comment was.from a 6-10 year veteran.female teacher;
Though her.respohses to items describing herself and her ﬁiews
showéd her.to be reiatively conservative; and hér comfo:t level
within the profession‘was very high, shé.seéms to indicate here
that a cértéin”"type" of woman would feel more at home iﬁ |
techneology education than other wdmen would; Thus, her cdmmenﬁ
could appear to be a positive one in fhat it expresses a R

reasonable comfort level, but it alsc has a very negative

connotation if it excludes a (large) portion of females from

being comfortable within bur profession. This was the iny_
respondent who even hinted at this perception iﬁ.any of the free
response items--hopefully it is.both.é miﬁority and a.false -
impreséion. If only éertain "types" of women are.attfacted tb
technology educétion, theﬁ we still have a gobd bit of work to do
to make our profession attractive to all "types" of men and women.

67




Cross Gender Interaction 68

Considerations

It is difficult to draw startling conclusions from this
research for two reasons. First, it wasﬂa very broad.attempt to
open a new area of inquiry within.our profession and, like most
early efforts, it likely does have some flawsrthat would linit
its interpretation. Among those are: Only a small percentage of
technology_teachers attend the National TSA Conferences;
participants.were all volunteers from.that group of attendees;
due to the location of.the conference, the eastern end of the UsSA
was likely represented more than cother regions and requestlng
part1c1pants to complete the questlonnalre wh1le at the
conference may have caused many potentlal respondents to decl1ne
the opportun1ty just due to the1r burden of other duties at the
conference. Thus, the findings may only represent the views of
those who felt strongly enough.about the issues.at hand to
complete the survey desplte all of these potentlal d1stract1ons
Still, should not these voices be heard° | |

The other reason for hesitation at deemlng "conclu51ons" to
be flxed and valld is the unusual nature of the 1nstrument .
itself. Collectlng the data via continuums may have been novel to
.most part1c1pants even confu51ng to some, and may be lower in
rellablllty than the more well known leert scales ~ However, thlS
technique d1d allow part1c1pants to mark each response exactly
where they thought it should be on a continuum instead of "force

fitting“ their real perceptions into statements or categories
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previously devised by the researcher. So, having conceded that
drawing firm conclusions may be fraught with potential hazard ér
even errdr, the following "considerations" are offered.

Most of these pfofeséionals perceived.themselves as slightly
conservative in their views and acceptance éf "off colorﬁ:
behavior. They considéf a man holding a door for é.woman to be a
courtesy and ranked themselves slightly posifive in terms of
their concern about the feminist movement. Both the men.and the
women felt there is relative féirness.in treatment of both
genders within.our profession,_with a slight”advantage stillll
favoring tﬁe_men. | | .

One of the central issues of the survey concerned how
professioﬁals feel about our chénging soqial.climate and the
appropriateness of sexually oriented speech,.jokes, and behavior
in various settings. There wés copsistent agreemeﬁt thaﬁ this-
sort of discourse is not acceptable around students and there is
good efidence that the general.perception prohibité it to.varying
degrees in all of the professional settings presented; Thérerwas
more toleration when no students are present, when.only one
gender is present, and when off duty, but there was stili some
degree of prohibition even in those situations. There were some
respondenﬁs (both men and women) who éonsistently indicated_that
this behavior is "absolutely.forbidden" even in ﬁhe settings |
whiéh were segregated by gender,.away from students and "off

duty". None of the means in this whole series of items even
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approached the central "OK if tasteful" p01nt on the continuum,
so it appears ev1dent that desplte soc1etal trends to be more
tolerant and the llberal presentatlons in the medla and on
telev151on, technology educatlon profe551onals view the telllng
of "dlrty" jokes and use of foul language and gestures to be
somewhat taboo in all professlonal settlngs |

In fact, these technology educatlon profe551onals 1nd1cated
that the change in our soc1ety (whlch in general is more tolerant
of crudelbehavior and sexually orlented humor) is not a pos1t1ve
trend;.This view uas held by both men and.women and only a few
individuals indicated that the change is "OK' or ﬁhealthy". The
older, more experlenced profess1onals were s1gn1f1cantly more
conservative in thelr views than thelr junlor colleagues, SO0 some
change in our soc1al climate is underway, even within our'
profe551on Desplte the 1nfluence on our soc1ety of crude
behavior in popular telev151on shOws such as Roseanne, our
.profe551on appears to be more conservatlve at the present time
and reflects some 1950's v1ewp01nts in regard to sexually |
.suggestlve behav1or Perhaps th1s or similar research should be
conducted again in ten years to track thlS ev1dent change.

The men reported greater enjoyment of sexually orlented
jokes than women in general but both groups rated themselves
con51derably below the "50=1n llmlted settlngs" m1dp01nt on the'
continuum. The younger,.less experlenced profess1onals reported
s1gn1f1cantly greater apprec1atlon of these jokes than thelr

senior colleaguesfnthls may be another indication of approachlng
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change in the social climate of our profeséion.

Jokes which are gender specific but not pornographic appear
to be more acceptable to both genders than the sexually expiicit
types, but the intehtionally derogétory forms weré less
appreciéted. It appears that caution should be.ﬁsea fo determine
the preferences of those present before telling sﬁch jokes:
becaﬁée there were some individuals of both genders who indiéated
that they felt these jokes are "absolutely forbidden" in ail of
the settings presented in the survey..Hdwever, recéll thét {(in a
later item) many respondants reported thaf they woula allow‘the
telling of a joke even though they did not appreéiéte it |
themselves, so askingjpermission does not give free license!

In four itéms evidencé Qas found that people who had one or
more siblings of the opposite sex differed significahtly iﬁ their
views from colleagues with no opposite sex siblings. It appears
that women who had brothers expected a higﬁer standafd of modesty‘
frgm men than women without brotheré——they did not condoﬁe *off
color" jokes in mixed company and‘they were more likely to
chastize men who said something they did not liké or who took an
uninvited "second look" at them. In ﬁhesélcases, the women with
bfothers appeared to have somewhat‘of.a "they know'better"
attitude while the woﬁen without any brothers éeemed to exhibit
more of a "men will be men" reéigﬁation. In énother item'iﬁ wés
found that men who héd.sisters were more likely to chastize

students for making comments about another student's body/sex'
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appeal than were men with no sisters. Perhaps growing up in a
home with sisters ailowed men to sense how personally such
comments can_be”hurtful, especially to deﬁeloping teenage girls.
There were oniy:four items in which significant differences such
as these were.found,_but there were numerous items.in which the
| nen significant trends showed people of both genders who had
opposite sex s1b11ngs to be more senSitive to the issues and more
conservative in their v1ewp01nts |

The handshake appears to be the most acceptable form of
greeting for most Situations w1th1n our profeSSion Greeting with
an embrace is generally not condoned however there was great
variety of opinion Though both men and women generally agreed
that greeting opp051te sex profeSSionals with an embrace is :
perm1ss1ble in some Situations, they differed in their views
toward greeting their own gender with an embrace The women
1ndicated it is relatively "OK" to greet each other w1th an
embrace, but the men did not favor embrac1ng other men. Both men
and women agreed that teachers should not greet students of
either gender with an embrace. |

In.most of the settings presented in the survey, both men
and women felt it was generally "OK" to touch either sex students
or colleagues‘"on the shoulder". There were very mixed findings
concerning touching and ﬁpositive stroking" in various settings,
so individual breferences rather than group thinking may be the
primary influence. The men and the younger,.less eﬁperienced.

profeSSionals indicated greater levels of acceptance for touching
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in general, but the results were not always consistent; Perhaps,
here again, there is some lndication of.approachiné social change
within the profession. | |

In general, professionals of both.genders indicated.that”
they would confront (to some degree) persons who offended them or
their students. Men.are, evidently, more tolerant.inlsome
settings and less llkely to chastise offenders than uomen. It was
noteworthy that men were significantl§ more tolerant than women
of derogatory Statements about homosexuals and students calling
each other a "fag". This could be partially due to the fact that
males go.through‘a stage.ln their early adolescent development in
which such slurs are frequent S0 they expect to hear them and 1
view them as "1nnocent" regardless of the potentlal for real
defamatlon which they carry. Alternatlvely, it could be that men
are more tolerant of hoth”antl.homosexual speech and actions.due
to either the phenomenon of homophobla or genulne dlsapproval of
homosexuals and their lifestyle. In either event, since prejudice
of any sort cannot be allowed in the public schools, nale
teachers and professionals are encouraged to chastise anti
homosexual speech slurs, and actions wlth the same fervor that
they do other abus1ve behav1ors regardless of their own perscnal
views on homosexuallty | : -

From the free response section of the survey, it appears“
that there is a reasonably healthy relationship between the

genders within our profession. It seems that many technology
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educaticn professionals feel that most colleagues recognize and
uphold a level.of good taste in their speech, and that a facial
expression or simple rebuff.is all that is generally required to
indicate when one is_offended by something someone else hasﬁsaid
oxr done o | H |

Several statements were.made that indicated that women
wanted to be perceived for their abilities rather than their
gender, and that could possibly be a key pOint Perhaps the
closest thing to a true "concluSion"-that can be drawn from this
initial work is that all technology education profes51onals
should regard the schoolhouse as a setting requiring more
conservative demeanor than soc1ety at large, should realize that
their colleagues are likely a little more conservative than the
soc1al trends of our times, should be sen51tive to gauge the .
appropriateness of their own actions and ad]ust them according to
“the reactions of others, and should treat all persons with |
respect and fairness-—judging them on their performance and
ignoring all other potentially divisive factors. Observation..
ofthe ﬁgolden rule" (do unto others as you would have them do
unto you) probably states this clearly enough |

Though our field 1s still predominantly male, there does not
appear to be a major male cultural influence driv1ng females away
and the number of females entering our courses and the profession
should continue to increase Technology education of today, is
no longer a "man's world" and our profession appears to be in

most regards, "politically correct™® enough to provide a
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comfortable home for both males and females. There does appear to
be some level of common understanding among males and females
concerning the appropriate cultural mores for our profession at
the present time and the majority of professionals evidently do
conduct themselves accordingly.

In addition to simple replications or variations with other
groups'of‘technology educatién pfoféssionals, three areas of
inquiry éhould probably be prébed as.cbntinuatioh.of this work.
First, the finding that womeﬁ who had.broﬁhefs wefe.less
tolerant of coarse male behavior needs to be studied--was it a
valid finding:or a fluke because one might expect those women who
had brothers to be more accustomed to male behavior and expect it
more.feadily than.ﬁdmén whé.did'not éféw up in homes with béfs.
Second, comparisons need to be made bétween.ﬁhe.views of
technology education professionals and those of professionals
from other disciplines within education. Lastly, comparisons also
need to be made with professionals.iﬁ other technical
(traditionally male dominated) fields outside of education.
Perhaps the social climate is changing more or less in some of
these other settings than it is in technology education--could

similar changes be approaching for our profession?
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Table 1

Demographic Information

Groupings Used in Data Analysis

Gender : male, 56 (59%) female, 39 (41%)
Age 40 years or less, 46 {48%) 41 or older, 49 (59%)
Experience 10 years or less, 51 (54%) li df more, 44 (46%)
n = 95
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Table 2

Cross Gender Interaction

Perceptiong on Sexually Oriented Jokes and Speech

78

Situations

Mixed Companv:

Students Present
On Duty, No Students

Off Duty

Same Sex Only:

Students Present
On Duty, No Students

Off.Duty

Mean Responses

11.7 (14.2)

(0 - 49)

24.3 (18.7)
(0 - 50)

31.1 (21.4)
(0 - 75)

17.8 (15.7)
(0 - 50)

28.5 (17.8)
(0 - 78)

35.1 (20.7)
(0 - 87)

ié.? (18.1})
(0 - 50)

27.0 (20.9)
(0 - 51)

34.4 (18.3)
(2 - 65)

16.9 (20.6)
(0 - 59)

28.9 (22.2)
(0 - 58)

34.8 (20.7)
(0 - 65)

i12.1
25.4

32.5

17.4
28.7

35.0
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