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erganizanen estabiished in 1973 to strengthen education- through
techriology: In cooperation with state and provincial agencies; AlT develops
instructional materials using television and computars. AIT also acquires and
distributes a wide variety of television, related print, and computer materials
for.use as major leaming resources. It makes many of these materiais avail-

able in audiovisual formats. From April 1972 to July 1984, AIT was known as

the Agency for Instructiona! Television. Its predecessor organization,
National Instructional Television, was founded in 1862. AlT's main offices aie
in Bloomington, Indiana.

CORD

The Center for Occupational Research and Development is a nonprofit
organization established to conduct research and development activities and

to disseminate curricula for technical and occupational education and training.

CORD has_ developed over36,000_pages of_instructional materials_for

,,,,,,,,,,,,,,,,,,,,,

technicians on-14 major. curriculum projects in advanced technalogy areas:
This includes the Unified Technical Concepts coaurse on which Principles of
Technology is based. These projects were sponsored by contracts with
federal and state agencies, and by industrial support from the private sector.
The products developed- by- CORD. are- used - in-technical- institutes,

community colleges, vocationai high schools and industry training programs:.

CORD hasbeen tailoring educational programs to meet workforce needs for
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Teaching is a difficult job to do well. The rewards are more intrinsic than extrinsic.

The three teachers who are the central figures of these case studies allowed two reé-
searchers to be their "shadows" as they went on about their profession. They did so know-
ing the researchers would ask many questions of any available people. o

* The authors wish to thank them for their openiess and hospitality during the period of

this research. o

The authors wish also to acknowledge the contributions of other teachers and of stu-
dents and administrators at the three sites who made thésé case studies worthwhile.
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lntroductlon

This report describes how three very different schools first put Principles of Technol-
ogy into action: i 7 o

Principles of Technology is an applied science course for high school vocational stu-
dents that is being developed collaboratively by thie Agency for Instructionzl Technology
(AIT), the Center for Occupat10nal Research and Development (CORD), and a consortlum
of 42 statcs and provmcral education agencxes (See Appendix A for a 11st of cooperatlng
agencxes ) The course consists of 14 units; each foeusmg on a prme:ple that underlies
today's technology The 14 units are mtended to be covered over two years; the first nine
sequentrally, and the sccond fxve as the teacher sees fit. Each umt consists of a student
manual, a teacher's gurde hands-on laboratones and video programs:

The entxre project is be1ng developed with the help of a formative evaluation proeess
that systematlcally collects data from a special review team (see Appendlx B for members

of this team), consortlum representatlves and classroom prlot test1ng 51tes A consxuerable

been collected All research is formatlve—research deslgned to be used to revise the in-
struet:onal materials. During the summer after the matenals for year one were pxlot tested,
the pro_|ect staff' consultants— and the consomum had a ehanee to pause and consider the

that materi ilS for year two were bemg developed and leOt tested.
Further nsxghts were gleaned when pllot site teachers coasortium representatlves pro-

however— lacked any 1n-depth descnptlons of these settmgs A series of case studzes was
proposed to clanfy some of the contexts in which the pxlot test was occumng Also, as
wxclespread 1mplementat10n of the course began it Was hoped that more in- depth study of
~And so, these studies were conducted during the second year of 1mplementat10n of
Prmaples of Tecﬁnoiogy—the 1985-86 academic year—in three diverse cultural, geo-

These three case studles are mtended to give you some of the sarmmie kind of 1nformatxon
that you would gather if you were to visit one of these Principles of Technology classes.
After readmg them, you will have more than Just an idea of some of the problems and solu-



uons that other people have encountered in their lmplementauon and use of Prlnczples of
Technoiogy We hope you will feel as though you have been there you rsel.’
Each of the studlcs tells about the settmg of the school how the course was 1mplc~

case study

PT is a complex curricular i mnovatlor1 Educat10nal innovatiotis are rare‘y adopted
withoit struggles In documchtmg some of thcse struggles, the researchers are in no way
evaluatmg those who agreed to partxcrpate THhis repoit uses pseudonyms for all people and
places because the names are not important to the understandmg of the cases. The insights
that can be gathered from a detailed description of these experiences are, however, of para-
mount importance.

Each study was wrxtten after one school week of interviews and observaUOn at each site
and is as complete as that 0ne week permrtted

Because the purpose was to take a Snapshot so to speak, at one pomf in the Ongomg
implemematron process; the descriptions may not accurately reflect things as they are now:
Some 1mportant decisions had not yet been made We have tried to descnbe the context for
such decisions and the information that went mto them. When we could, we have added
postscripts about how these decisions were resolved'

- How you use these studies will depend in part on vour specrfxc mvolvement with the
rmplemcntatron and dehvery of Prmaples of Technology in your school, state, or provmce

cases:




N Ftﬁsnae High Scﬁool

The Settmg

- — — ————

though tke commumty is an mcorporated entity that was once on the outskirts of thc area's
major metropolrtan regroﬁ the gtowth of the entire area has blurred the once clear-cut
boundaries between the metropolitan region and this comnraumty. Its nerghborhoods mirror
this rap'd growth they are new and look it.

Geographrcally one of the St'{tCS largest the school drstrrct encompasses more than

though each of these cities is a drstmct commumty, the growth of the entire area blurs : any

sole identification with one's own city.
If you dnve a mrle north of Northsrde you can be on rutted dirt roads headmg into the

The majonty of parents in | the communlty (76%) have completed hrgh school znd
scveral (15%) have completed four or more years of college Almost all students (94%) are
(51%) Asian Amencans (47%) and Black Americans (42%) The upwardly mobrle
appearance of the commumty is supported by its income levels; the mean household income
is $28,000.

Many of the parents of Northside students work for the luoh tech industries in the aréa.
Some own construction firms or do other contractmg work. Accordmg to one Northside
teacher, "These kids' parents don't want their kids to work frr Sperry. They want them to
ownit"

Agnculture also plays a maJor role i in | the llves of some Northside families. Much of the
land on the edge of the district is currently undeveloped and still available for orchards and
tree farms. Northside's industrial educatron department offers courses in horticulture and
vocational agnculture The school supports an active FFA. chapter.

The Northside school district has nearly 12,000 students. These students are spread
among nine elementary schools two junior high schools, and on¢ hrgh school. However,
the growth of the ar=a is 1ncreas1ng both the number of students and the number of schools
required to serve those students. A new hrgh school and a new elementary school w1ll
open in 1986. To meet the needs of the growing community, school system officials pre-
dict a new school will be needed every one to three vears.

[t
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Northsrde Hrgh School s sprawlrng campus meludes six srngle story classroom burld-
plos:ve growth of the commumty, the enrollment is 3,600 students When the new hrgh
school opens next fall, enrollment at Northside is expected to drp to 2,600 students: Over
150 certified faculty members work at the school. Some will be transferred to the néw hi gh
school next year.

The burldrngs at Northsrde are well mamtamed There i is no graffrtr on the walls The

freelv from bulldmg to building between classes.

Northside was desrgned to be a showcase for vocatronal education: In fact, the voca-
tional education center was the ﬁrst burldrng constructed. As more hrgh schools are built in
the drstnct the plan calls for Northsrde to become the voc-ed magnet school. Students will
be bused from other schools in the district to benefit from Northside's well- equrpped voc-
ed facrlrty Sorme of Northsrde s voc- ed courses are articulated with post-secondary tech-
nrcal schools and com'nunrty colleges in the area. A student graduating from Northside
can, in some instances, raceive college credit for high school work.

In the science depart ment at Northsrde l9 teachers teach 3 67 > students ('Fhe number

Whlle some students may take no science course, morc studenfs take two scrence courses. )
The science department offers 93 sec tlons of 17 different : science classes Two of these
classes, Przncrples of Teciznoiogy and CHAMP (Careers in Health and Medical Practice),
are offered by the science department as part of the voc-ed cumculum

Norths:de is an acaderrucally oriented school; over half the students begrn some type of
hrgher educatron Many Northsrde students take elective science classes. Students in the
advance- track science classes receive extra grade pornts JdSl for being in the advanced
track: For instance, a "C" in an advance-track chemistry class is worth the same number of
pornts to a student as a "B" in a regular-track chemrstry class. Pnnaples of Technoiogy is
taught in Northside's science department as a regular track class by Ms Anderson, North-
side’s physu:s teacher. In addition; she teaches three sections of physics and one section of
chemrstry

Students at Northside begrn their academrc days at 7 45 a.m. (6:45 a.m.; rf they have
an early Brr class) In the second penod at 8:45 a.m., every student at Northside rises,
says the Pledge of Allegnance to the American ﬂag, sits down and listens to the darly
announcements. As seniors, many Northside studeats expect to enroll in four classes—

English, Government, and two electives—and go home or to work at 11:38 a.m.



) Students are encouraged to have career goals by the time they graduate from Northside.

In the eounselrng department, a poster on the wall shows two people One of them is well-
dreSsed smiling, and has good posture The other is wearing nice, but wrinkled, clothes
and looks beleaguered and slovenly The difference, accordlng to the captron is a matter
of whether one has goals at the age of 15 or 16. Students at Northsrde are expected to
environment but are proud of it and feei qurte lucky. After all, most of therr parents moved
families a long distance in the middie of careers to make better lives for themselves.

Prtnczples of Technoiogy was 1ntroduced 1 admrmstrators at Northside in the spring of
1984. Mr Mlchael the system s admmrstrator for career and vocetronal educatlon pre-

as51stant prmcrpal in charge of cumculum (M. Mlchaels told the researchers that he w/as
mmally introduced to the project nearly two years before at a regional vocational meeting,
where Principles of Technology was presented by the presrdent of CORD.) At the 1984
meeung, these three admrnutrators discussed the course and agreed to partrerpate in the
two-year prlot test. They made several decisions that would have profound effects on the
1mplementauo of the course at Northside. ,

After exam1n1ng its content, the pnncrpal reeommended that the course be raught by a
cert1f1ed science teaeher He thought, and others agreed that the course contained enough
physres that rt 3ught te be taught by Northsrde D regular physics teacher. The admrmstra-
tors also decrded that Pnncxples of Technology would be grven electrve rather than smence

physrcs teachers salary would be pald from state funds provrded tc the vocatronal depart-
ment. A vocational teacher would also assrst the physrcs teacher in securing the necessary
equrpment After these grovnd rules were established, the physrcs teacher was notified that
she would be teachrng a new course.

The next task was to recruit studerits. Because 1t was already late spnng, recrurtment
was more difficult than under more normal circumstances. Both the teacher, Ms. Ander-
son, and the ass1stant pnncrpal for curriculum, Dr. Jones, worked at recruitment. Their
efforts consisted pnmanly of visits to geometry classes to explarn the new class. Geometry
classes were targeted as the most lrkely sources of appropriate students for Prmczples of
Technology because geometry students would already have passed in algebra Fifteen stu-

dents enrolied in the first year.

G ey



ter attendmg an orientation held in Dullas in the summer of 1984 for all PT teachers,
Ms: Anderson began teachmg the class in the fall. By the end of the year enroliment had
shrunk to ten students. Ms. Andarson attnbuted most of the dechmng enrollment to normal
attrition caused by moves, dropouts and schedule changes While she felt satisfied with
most of the material; the lone exception to her satrsfactrort was ‘he lab equrpment She re-
ported repeated problems in getting the equrpment on time and in gett ng it to function pro-
perly when it flrd arrive. A \ocat onal mstructcr Mr. Jenkinson, had been usmgn 10 help
her locate and set up the lab equrpment However, they both repor ted some drffrculty in
1ettmg together to discuss the equipment because their preparation periods were at different
trmeS and he taught bmldmg trades in the vocational burldmg (on the far side of the large
campus from the science burldmg) Nonetheless, Ms. Anderson said Mr Jenkmson had
been hclpful in dealma with the varrous equrpment problems Ms. Anderson thought that
these problems had perhaps been detrimental to the reputatron of the course at Northsie:
She said stude its had begun refemng to the course as "Jury rigging 1." Ms. Anderson
completed six of the seven umts in year one of the prlot test

pleted year one; which meant that the potentral pool of students for year two was ten stu-
dents At the same time, recruitment of students for 3 year one (no longer part of the prlot
test) was initiated. The pnmary reSponsrbrlrty for recrurtment fell on Ms. Anderson. Ms.

Anderson expressed shghf resentment at havmg to recruit students, which she thought was
really not her _]Ob She and some of her s year-one students went to the geometry classes as
she had done the previous year. This year's efforts to enroll students were enhanced by
better timing. The class was 11sted in the catalog of classes under the science section, along
with 16 other available science classes. Students were still offered only an elective credit.
The result of the recruitment efforts was an enrollment of fourteen for the year-one class.
Jnly one student srgned up for year two.

Northside classes are scheduled through the co unselmg department. Accordmg to onie
counseror "There are two essentral types of plans one for students who are gomg to col-
mvesngators spoke were get erally aware of Prznaples of Technoiogy but knew very little
about the detarh or the course. Dr: Jones had personally told counselors to frll the PT

advanced tIack) and there was vutually no recruiting of PT student" from voc-ed courses.

G)nly the fourteen students mentioned above asked their counselors to schedule thein into
PT.

12
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Dr Jones cons1ders low enrollment to be PT‘s only problem He would lrke to see en-
enrollment pnmarrly to the fact that students drd not get a science - credit for it. He advised
further that changmg the name of the course from Principles of Technology to somethmg
more academic like "Basic Phys1cs or "Applted Physics" would help.

The hrgh tech industries in the Northside district get many of their tecnn1c1ans from out-
side the state. Dr. Jones sees PT as a course that can improve he background of vocational
students and hopes that such courses will encourage local high-tech industries to hire

Northside graduates;

The Class

Ms. Anderson's darly PT class began at 7:45 a.mi. and ran until 8:38 a.m. Thrrteen
males and one female were eniolled in the course. Etght students had taken no other voc-
ed courses and three of the other six had taken only electronics. One student had a farrly
comprehensrve VOCathl’lal vackground: electronics; woods, Jutomotrve* and two voc- ag
courses The btggest dtfference in academic background between Ms Anderson S PT stu-
PT—was in mathematrcs The physics students all had taken oeometry and two years of
algebra All the PT students had had at least one year of algebra. Ciily five had taken ge-
ometry; and only three had had two years of algebra )

Throughout the week, whenever a student did not understand a problem; Ms. Ander-
son would explam it. Somettmes M. Anderson would touch upon a concept and then
say, "but we don't have trme to go into that nght now"——and she was always rrght

Students at Northsrde Hrgh Sehool saw PT not as a techn1cal course, but as a sc1ence
grades or career 1nterests did not take physws Several PT students when asked what
they thought was probably the btggest difference between phystcs and PT, said somethmg
like, "Prmctples of Technology goes slower and uses videos." When asked if PT could be
used in an electromcs ora weldmg class one student wnnkled up his face and said; "Why
would anybody want to?" PT a as a vocattonal education course was not a percention that
anyone at Northside seemed to encourage. 7

°tudents lrked the videos and expected to review the overview video before each test.
The role models in the videos were enJOyed by some students but were confusrng to others
One student remarked "The people who actually do stuff are ktnc of dry They make
grammatical errors, and sometimes you can see them readrng their cue cards.”" Another stu-
dent, however, said, "When you can see the people working, that's kind of neat. It would



be nice to get one or two of them to talk to our class. My dad thinks I ought to be taking
physrcs and that would show him that PT really does help me " (Thrs particular student's
father had called the school requestlng that his son be plaeed in phy ics. However, due to
his algebra grades the student has remarned in PT )

Texts for the mathematlcs labs were seen as relevant to the coursework—especrally to
the hands-on 1abs. Most of the students did not read their texts outside of class but found
them necessary because the problems and the labs described in the book were used in class:

By and large PT students who expected to go to college would rather have been i in
phys1cs Thrs was prrmarrly because of the hlg‘ier status of the physrc, class and the help
advance track ) PT students who drd not expect to go to college were generally satisfie
with the course. It met their needs asa' hard science" course and, because of the lab work
and the videos, it was 1nterest1ng The one exceptton was a student who wanted a technical
career in robotics and expected PT to teach more "skills" than "concepts.”

Principles of Technology Classes

Day 1: Unit 1, Fmal Test; Unit 2, Introductlon

Monday was a hollday The first observed Prznczpies of Technoiogy class began at
7:45 Tuesday mormning: Althowh it was the first class of the day, all the students were on
time and seemed relatively alert Ms Anderson began by announc1ng the plan for the
week She told them they would start with the unit test for Uait 1: Force, followed by the
first lecture for Unit 2: Work: She asked whether : anyone had questions about the week's

activities. No one drd
Then she announced the Umt 1 test A student asked to See the Unlt 1 overview v1deo

the overview tape as a summary before a test.) {he teaehers gurde contained the following

description of the program
This video segment rntroduces force as a push or pull that can cause

change in the motion or shape of an cbject. Using examples from everyday
life and the world of technology, the program shows that force can cause an
object to start moving, stop moving—or to move in a different direction. A
force can also change the shape of an object; as when a car is put into a
crusher or when a person crushes a soft drink can:

- Pressure; voltage; and temperature difference are. pnme movers. that act
like forces.. Each causes a movement within its own kind of system: me-

chanical, fluid; thermal or electrical: Blood flows through our. bodies and

water flows through pipes because of pressure. Voltage causes the move-
ment of electrons. This movement may be through wires and circuits,

6 14



and—in part—makes possible the technology that allows us to produce
video programs. Heat energy moves from warmer to colder areas because

of temperature difference:. Because modern technology often combines me-

chanical, elecrical, thermal and fluid systems in complex devices, tech-
nicians must understand all four systems and the similarities among the four
prime movers—force pressure, voltage, and temperature drfference

Although there was some chatter at the beglnmng of the tape the students became more

attentis ¢ with the first narration of the program There were some chuckles at the humor-

ous parts, although at the end of the program one student said; "This must be the funny

part.” - 7 o , -
After the video; Ms: Anderson distributed the test; which had been used as a pretest for
the piiot test 6f Uniit i (She said she thought this was a good test b’e'ca'use it covered most

They were then 1nstructed to go to the bookstore to get their copies of the 'th for Unit
2: Work. Ms. Anderson told the class that she had tried to get copxes of the student book
for them; but the bookstore person -1insisted that the students had to come personally to
the bookstore to get the books. Dutifully, the students individually went to the bookstore,
which was a five-minut= walk to another building. They had to show their student IDs to
be issued their books. One student told a researcher that they had paid for their books at
the beginning of the semester, but received them only unit b unit. Ms. Anderson ex-
pressed frustration at the process for distributing the student _ooks and said that in the
future she planned tc have the students go in pairs to the bookstore during labs to avoid
mssmg class time.

When a11 students had retumed w1th books in tow; Ms Anderson began with Unit 2.
She 1ntroduced the students to the un1t on work te111ng them that there was no work in the
thermal systern and that they would go through the work unit faster than Unit 1. One stu-
dent remarked Tt has a shotter book "

Ms. Anderson showed the overview vrdeo program for Umt 2. Tne tape was not
aeeurately eued Burtng the eouple of minutes it took to cue the tape she announced the
homework assrgnment for Umt 2, whrch was to read the first 15 pages of the text. She
then turned on the program. The teacher's gulde descnbev the program as:

The techmcran s definition of work is different from our. everyday use

of the term. In everyday speech, we equate work with force; but in the
technical world, work is accomplished only when a force is applied to an
object and the object moves while the force is applied. An ant performs
work when it moves-a heavy object from one place to another; just as a ro-
bot on an assembly line does work when it-picks up a motor. The equation

that expresses this relationship is: Work = Force x Distance

- -7-.
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Which examples show work being done as the téchnician défines it?

water behind a dam (none of the examples involves "work.")
abndge . .
a battery—connected to nothing ] s

*._a person on a construction site holding a heavy object but not moving
~When a hydraulic pump causes a hydraulically powered robot to move

objects from one place to another on the assembly line, fluid work is also
being done. Here, work is the result of pressure (the force) changing (or
displacing) a volume of fluid (a liquid or gas) in the hydraulic cylinders and
motors of the robot. Fluid work is also being done when water flows from

a firehose. Here a pressure difference—the force—moves a constant
volume of fluid through the hose. Work also is performed in electrical sys-
tems, such as those that weld automobiles on an assembly line. Here, volt-

age acts as the force that moves electrical charge through the parts being
welded: ) o 7
A visit with a technician demonstrates how the concept of work must be
considered when dealing with complex devices. The video program con-
cludes with a recap of how work in mechanical, fluid and electrical systerms
relates to the unifying idea that work is done when a force causes
~_movement.

Althoug most students were attentive throughout the programi, two studénts were writ-
ing (not notes on the program; it looked like other work) for most of the program. There
were comments from students about various parts of the program, and at the end one
asked, "Was that supposed to be the funny part?"

Follcwing the tape, Ms. Anderson briefly reiwerated the de
presented in the program. She reminded the students that the homework assignment was to
read the first 15 pages of the text. With the Unit 1 test and video, the trip to the bookstore,

efinition of work that had been

and the Unit 2 introduction, time was pressing. The bell rang at 8:38, and students left.
Ms. Anderson moved to another room to teach her next class, advance-track physics.

Day2: Review Unit 1 Test; Overview of Unit 2 ,

Ms. Anderson began the class at 8:45 by writing the following extra-credit assignment

Name tlie scientist associated with:

a) photuelectric effect (theory of relativity)

b) the lightbulb -

c) the periodic table of elements

d) father of genetics B o 7 o

She said, "I'll give you guys a break. You'll need it after yesterday's test." She then
passed back their tests while telling the students how to calculate their score. Most s'udents
worked on the extra-credit problems and one asked, "Aren't two of these guys the same?"
Students worked on the extra-credit problems for about five minutes. Ms. Anderson had



science department the answers are given here A—Ernstern B—Edison, C—Mendeleev,
D—Mendel ) Since the top score on the test was 51%, she said that she would give two
pornts for each correct answer on the extra-credit test. She added that since the scores were
so low, she would probably have to grade or the curve."

She then went Gver the 30- 1ten test item by item. She told students to check their
answers as she gave the correet responses: She used the gradlng process to teach She ex-
p1a1ned some of the more difficult iteins and solved a couple of problems requmng calcula-
tions on the board Students asked a couplc of questions aboit items they d1dnt under-
stand. For one item she said, "1 dont hrnk we stressed that enough in class. 1 may just
grve everyone two pornts on that one." At the conclusion of the test review, she advised
students to re-check the totals No one menhoned any +.1rors in the totals

Ms: Anderson then adv:sed students to take out their texts for Unit 2: Work and open
them to page one which contcuned the Ob_] sctives for the unrt She Began by read1ng the
Ob_]CCthCS aloud to the students whlle they ri:ad along, lectunng about the initial deﬁmtrons
in the unit and ertrng on the board to augment her words. Ms. Anderson deﬁned work,
usrng some examples She then Gefined work (1nc1ud1ng linear and rotational work) in the
mechamcal sysfem the fluid system, and the electrical system For each system she ex-

plaxned the units that were used to mcasure work in that system, and how those units were

guys You should have read this 1ast night. That was your assrgnment"' Later when she
asked how 1 many had read the assignment, only one of the 12 students in the class raised a
hand.

In the middle of the ‘"cture shie was interrupted by a message from her student teachrng
assistant. "Your son's on the phone and he wants to know where hrs Boy Scout bag is.'
She left the room for a brief moment whlle the students talked QUICIAY She apologlzed

EveryOne chuckled and one student said; "That s the highlight of the day—he found
it." 7 7 o ,

Concluding the overview material, Ms. Anderson moved to the mechanical system.
She began the subunit work by showing the video program. The teacher's guide describes
this program as: ,

I;rftmg werghts to 1mprove your body 18 fun It can even be work

Technrcally, it's only work when a force is moving an object. Without
force and movement, work isn't being done. So when a robot on an

assembly line holds an object without moving it, or when a construction

9: -
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crane Folds an object without moving it; no work is being done—in the
technical sense: Consider a robot lifting a weight and a person lifting a

weight. When are they working and when aren't they? They work only
when they're moving the weight...not when they hold the weight still.
When an elevator cable lifts the elevator car, you can find the amount of
work done by multiplying the feet the clevator car travels by the force
needed to lift the elevator. This gives you the amount of work in units
called "foot-pounds.” If you're using SI; you multiply the distance the ele-
vator car moves in meters by the force, in newtons. This means work is ex-
pressed in Newton-meters.
... How fast a force moves an object doesn't influence the amount of work
that's performed. So an elevator performs the same amount of work carry-
ing ten people as it goes from the ground floor of a building to the top
floor—whether it makes rio stops, or makes ten stops. Work: is important
in the technical world because of its relationship to efficiency. Efficiency
compares. the amount of work put into a system with the amsunt of work

you can get out of it. Efficiency gives you an idea of how much “+aste there

is.in the system. The less waste, the closer the system will come to the
ideal—of being 100% efficient. A block and tackle removing a car engine is
less than 100% efficient because the amount of work performed by the sys-
tem is less than the amount of work put into it. Work also is performed in
rotational systems, such as a cement mixer or a roller coaster: . 1he basic
relationship of Work = Force x Distance in a rotational system is stated in

terms of torque (Force x Length of Lever Arm). The distance can be
expressed in degrees or in radians. Radians are explained in the video by

special graphical techniques. 7

_ Work in mechanical systems, both linear and rotational, is the result of

force moving an objeci. Both force (or torque) and the movement of an ob-

ject are required for work to have been done.
~ During the program, one student wrote throughout (not taking notes on the program),
two chattered for a while; and the rest watched attentively. At one point; the program told
viewers to pay particular attention: "See if you can tell when work is done in this ex-
ample.” Students became so involved in debating the example that Ms. Anderson asked
them to "pipe down." Again, they chuckled at the ending gag; and one said, "That was the

humor in this show.” 7 7
After the video, Ms. Anderson told the students that she was trying to get the first
hands-on iab by Friday. (She had previously told the researchers that she wanted them to
see a lab. Because of the Monday holiday, this resulted in the unit's being more rushed
than it usually would have been. Nevertheless, the researchers were delighted to be able to
observe a lab.) o ,

She told the students to do the exercises on page 15 of the text and said that they would
do the work problems the next day. She added that taey would beé doing Lab 2M1 on Fri-
day, and again reminded them to rezd pages 1-15. Students then sat and talked quietly for



the ’rein’ainirng two minutes until the bell rang. Ms. Anderson moved down the hall for her

second-period physics class.

Day 3: Mechanical Subunit of Unit 2

Class began at 7:45 W1th tne students in their usual seats. Ms. Anderson told them to
open their books to page seven and added "If s yoa did not do your homework, I'm collect-
ing it tomorrow instead of .oday, 5o be sure you get it done."
~ She told the students to look at the objectives for the subunit "Work in a Meehameal
System She then read each obJectrve to the students She paused to ask a couple of

‘hrough this." S

The remainder of her teaching thlS a’ay,'was done at the 565}&. She wrote down some
of the key concepts of the unit, including linear work and rotational work: (as she defined
them) and listed the Appropnate formulas for the concepts

Ms. Anderson the said; "Look at the problem on page nine."

She had a student read the problem aloud and look at the solutron (whlch was provlded
with the problem) as she explained it to them. She proceeded to a problem on page ten of
the book: This time, she read the problem to them and they worlfed the problem and called
out answers. She asked that students respond one at a time, SO that she could understand
the1r answers The problem was one in wh1ch students ealculated the effreteney of a
She informed them that 88% was an excellent effrcrency and compared it to a modern fut-
nace, wh1ch she said would be extremely efﬁcxent at 70%.

, She moved on to an example on page 12 of the text. Most of the students were atten-
tive throughout the sequence of sowmg problems from the text. Two students used hand
calculators Again, Ms Anderson worked through the problem from the text w1th them.

Nex’, she gave them a problem that ‘Wwas not in the text; tellrng them to write it down in
their notebooks For those who didn't have notebooks she pornted out some extra space
on page 16 of the text. At this pornt the students were louder and she told them to be quiet

and copy down the p~ “"~m She wrote the problem on the board, explarned it to them
and then said, "I wish : 1ys would copy this down. Idon't see anybody wntrng.
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~ She told stuoents to take five minutes to solve the problein. NMost students worked on
the problem but two students appeared to be dorng nothing: One head went down on the
table One student went up to the teacher's table in front of the room to ask about the prob-
lem and Ms. Anderson explarned it to ner.

After studen's worked on the problem for a few mrnutes she asked them for therr
Iogrcallv, and asked him how he got hrs answer. She then explarned the corréct answer
and added, "That's kind of a hard problem I think."

She had the cliss turn to page 12 in the text and went over the éxaﬁ’plé on the board.
She expramed radrans to them using the example provided in the text. Two students in the
back of the room looked at a catalog of camping equipment, shielding it from her view.
She continued explammg rachans with the rest of the class attending to her work at the
board

Ms Anderson moved on to page 13 in the text and pornted out severa1 key terms. She
notrced that the two students who had appeared to be dorng nothrng Were ntent over some-
to them. The boys were studyrng the prctures ina camprng equrpment catalog and Ms.
Anderson told them that she did not want to see the catalog in class ever again.

With about five minutes Ieft in the ciass; Ms: Anderson told the students that she knew
she went through the material qulckly, but she wanted togettoa 1ab the next day. (This
was so that the researchers could observe a lab. ) She aid to use t= remaining time to
work on the homework a551gn1nent. Three students worked on the problems, while the
rest sat and chatted. When the bell rang, the students moved on to their next class, as did
Ms: Anderson:

Day 4: Mechanical Lab for Unit2 o -
The iast day or obséwaﬁon a ?ﬁday; was lab day— All seniors in the school were re-

Nme students remamed in Ms Anderson s PT elass (She later informed the researchers
that it was easier to run the 1ab with fewer students.)
After the seniors left, the other students opened their texts to the lab. Ms. Anderson

read the 1ab objeetrves

1. Deterrmne the work done by a force that acts ona pulley.
2. Determine the work done by a pulley that acts on a 'oad.
- 2 O
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3 Show calculation that the work done by a pulley on a load is 'ess
than the work done by the force acting on the pulley.

4. Calculate the efﬁc1eney of a pulley system:

She then started to read the main ideas for the lab. A loudspeaker announcement inter-
rupted that today was college day for seniors and all semors should go to the aud1tor1um
upset by the 1nterrupt10n "We know! We know' she exclalmed as she continued read-
ing about the lab.

She then had the siudents look at the descrlptlons in the text as she brleﬂy explained the
equ1pment that would be used: She pomted out the table for entering data in the text and
told the students to be sure to enter all their data. After her explanatton the students col-
1ected the equlpment from a cart in the front cf the room.

The students separated 1nto three groups of three to work on the lab All students

about domg the lab. They glanced at the other groups' setups and seemed somewhat tenta-
tive as they fiddled with their own. The groups worked on their labs as Ms. Anderson cir
culated about the room and observed. Gccasxonally students asked questions of her. Two
groups put the spring scale on backwards and she told the entire class how to use the scale
correctly Two groups forgot to measure the distance pulled, and she told them to be sure
to measure when they pull:

Students seemed to be into the lab. All wanted a turn: "Let me have it, everyone else
had a try " "Il do it. Its my turn agalr-

While observmg their calculations, M:s: Ande“son notlced that the we1ght was measured
in grams but the force was measured in Newtons. She told the entxre class that they must
convert the umts tc 1ake them comparable She took a couple of mmutes at the board to
emphaslze her point: (Sie later told the researchers that the text does not note the need for
this conversion. She thought a teacher without a baekground in a mathematlcs/smence
mlght be likely to overlook th1s problem and that the oversight would make successful
completlon of the lab nearly 1mpos51ble )

As the lab progressed some students went to one of the other groups to see how they
had done the lab Ms. Anderson pointed out to the ent1re class that the lab would be easier
to complete if they read the text before attempung it. Students contlnued measuring and
writing their fmdmgs in the data table. Ms. Anderson exammed one group's results and
charactenzed the numbers as a "weird result.” When she asked them to set up the 1ab and
do it again, the students showed ric sign of being upset at doing it again.

One student asked, "How come every Iab doesn't work out?”

13



Ms Anderson replred Probably because you nuys don" read about it beforehand.”

Students completed the lab and returned the equlpment to the cart at the front of the
rOoOm. They talked quretly for the remaining five minutes of class. A male teacher, whose
first class had been a prep perrod moved into the room to begin setting up for his class
whrch would meet there next. The bell 1 rang, students moved to their next class, and Ms.
Anderson moved down the hall o her physics class.

Pnnc:ples of Technology;Year Two

Gnly one student of the nine who had completed year one signed up for year two of the
course. Because one student was not a sufficient enrollment to _]USﬁfy usrng the teacher for
an entrre class pen& the class was bemg taught as an early -bird" class. Basrcally, early—
bird classes are handled as 1ndependent study classes Ms Anderson met wrth the student
began Ms. Anderson covered any problems the student rmght have had with the matcrral
The srudent was msponsrble for readmg the material, working the problems; and takmg the
tests. The labs for y year two were not be1ng used at all i in the early sessions although the
vrdeos were used when necessary. The student will receive both a grade and a credit if the
work 18 completed satlsfactonly

This arrangement for year two was comphcated by the student S work schedule. He
worked past mrdnrght several mghts per week and had some problems getting to the early-
bird ~=ssions. Ms. Anderson said she thought that yeafr two PT classes could work on an
early -bird schedule However, she also sard that this student may not get a passrng grade
because of the problems he was having getting to the sessions.

It appeared lrkely that the vear-two PT classes at Northside woild continue to be taught
as early -bird classes. Given packed studert schedules and the parental push for physics
classes year two seemed unltkely tc generate suffrcrent enrollment to _]JStlfy an entire Sec-
tion. However, if year-one enrollment beg:rs to increase, it should increase the likelihood

that enrollment in year two would also increase.

lssues

There are two pameularly 51gnmcant aspects of the Normsrde case: drssolved relation-
ship between PT and voc- ed, and low enrollment

Whether the lack of a relatlonshrp between PT and voc-ed is a problem depends on
ore s perspectrve Trghtenrng this relat)onshrp may help enrollment There may, however,
be sevi eral equally, if not more effective; , ways to increase enrollment

The separation of PT from the vocational education department has occurred because of

admiristrative decisions and because of the nature of Northside's environment. Thé prin-
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c1ples taught in the course support the vocational currrculum but there has been no atte mpt
to help the two teachers assigned to PT work together dunng shared preparation penods or
meetrngs be'ween the departmental heads. There have been no attempts by Ms Andersor
or by Mr. Jenkrnson of the voc-ed department to connect the PT labs to tie "real world"
appheatrons in technology:

These observatJons are made as explanations rather than as peJoratwes It could be that
in the Northsrde env1ronment, attempts to connect PT to vocational education would be re-
srsted by teachers in Both departments as well as by parents and admiristrators. PT mrght
some connections to the world of high technology

Administrators and the teacher all had their own ideas about why the enrollment was so
low Their réasons included:

. Lack of a sciesice credit.
. Lack of awareness of the course's existence,
Students' schedules. Most students already had enough science credits and fuil

Slle‘v—

schedules.
The title of the course.
Lack of integration with the vocational department.

N R

Lack of a Science Credit 7 -

The principal, assistant principal for curriculum; and teacher all felt that the lack of sci-
enc" credit probably hurt the enrollment Because the course was listed as a sciencé course
in the catalog ané was berng taught in the science department several students who were
1ntervrewed assumed that they were gettmg a science credit: To understand this i 1SSUE, 1t's
1mportant to realrze how a scrence credit is determined.

In the past credits for courses were determined W1th1n the scheol by the pnncrpal and
assrstant pnnexpal for curriculum; with the final decisicn made by the prrncrpal Recently,
however the school system initiated a new proceduxc A committee now determines the
credit for a course. This committee consists of the prrncrpals of the two hlgh schools (the
new school; which will open next year, a]ready has a principal), the prmcrpals of the two
le’llOl‘ hrghs the s ystem $ admrnlstrator for vocatlonal edueatron and the assoerate super-

proposal to this commrttee that PT be desrgnated as a science credit. Altnough the com-
mittee had not yet met on the matter when the mvestrgators visited; there was consensus
among those interviewed (several of whom were on thé committée) that PT would bé

granted a science credit.



7 As in rﬁany states, the graduation requirements for science credits were being
increased. This year's graduating seniors were required to have only one science credit.
However, after this year, the requirement was being increased to two science credits. If PT
is designated to earn science credit, it sezms that the increase in required science credit

Lack of Awareness of the Course , |
- Awareness of the course among faculty, guidance counselors, and students seemed
minimal. It was Listed in the course catalog along with 292 other courses. Ms. Andérson
had made presentations in the geometry classes about the course. These were the only in-
formation activities undertaken for the ciirrent year. 7
'Ms. Anderson wanted to increase awareness of the course among the faculty and staff

by having a meeting of the vocational faculty, science faculty, guidance counselors; and
some administrators. She planned to show the PT information program (which she felt
was very good) and to discuss her experiences with the course. It seemiad likely that such a
meeting would in fact increase awareness of the course. Furthermore; it seemed reasonablé
to assume that increased awareness among faculty and staff, i)arncularlv among guidance
counselors, would result in increased awarenéss among studeérits:

Students' Fuil Schedules |

Obviously; students can take a finite number of classes while at Northsice. With the
increased graduation requirements, students will be required to have 22 total credits to
graduate, two of which must be scienice credits. If PT is granted a science credit, it will be
one of 17 different courses available to students to fulfill the science requirement. 7

Students at Northside determine their schedules in a collaborative process with the
guidance counselors. Each counselor is responsible for over 400 students. The counselors
help the students determine what courses to take from the 292 courses listed in the catalog.

PT is listed as follows in the science department section of the catalog.
PRINCIPLES OF TECHNOLOGY |
This is a practical-oriented course stressing basic-level physics concepts.
The course is designed for the student who may not want to pursue an
engineering degree, but would like to be prepared for a high-tech occupation
éri modern rinausn}'.
LENGTH OF COURSE: year_
PREREQUISITES: Algebra 1-2
GRADE LEVEL: 10-12
CREDIT OFFERED: one
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Among the counselors 1nterw°wed thiere was an admitted lack of awarenéss of trie spe—
cific students who should be targeted for PT. The mformatron contained in tlie catalog
seemed to bP thPu‘ pnmary source of information aBout the « course
1ntervrcwed The only female in the year- oie PT class said she noticed thc class in the
schedule. She then talked it over with her dad ai:d enrolled when he thought it looked like
a good course. In another case, a student's father called the school to get his son removed
from PT and into a physrcs class (Because of the student s grades in algebra the father's
reqv;rest was denied. ) For the many Northside students who are coilege bound, the parental
pressure seems to push students into the hxzher-status physxcs course instead of PT:

Freshmen, sopho'nores and Junrors are required to attend six class perlods a day
Senrors however are requlred to attend only four classes a day if they need only four
credits to graduate The teacher, admxmstrators and several students 1nd1cated that many
seniors plan their schedules so that they can be out of school every day before noon durmg
their last year. It's likely that this factor works to the detriment of year-two enrollment.

The scierice department chairman, the teacher, and the assistant principal for curmculum
all thought the name Prznczpies of Technology was detrimental to enrollment. The proposal
submrtted for sciznce credit included the suggestlon that the course be lrsted as "Applied
Physrcs The teacher and administrators €elt this name change would be more appealmg to
students at Nortl srde Grven the upwardly mobile thrust of the system § constituents, it
seems llkely that a name charge would enhance the appeal of the course for many students

and for their parents:

Lack of Integrahon w1th the Vocztnonal Department
PT was desrgned for vocatronal educatron students 1nterested in techmcal careers: It

written by funds supphed by the state vocatlonal educatron departrnent But there the ties to
voc- -edend. At Northside the course is a science class taught in the science department by a
scrence teacher. Callrng PT 'A pplred Physrcs will likely make the scientific roots of the
course clearer It seems to be the consensus of the admrmstrators the scrence department
chairman, and the teacher that the more clearly the course is labeled as science, the better its
chance for survival will be Given the upwardly mobile, colleee bound thrust of most of
the communlty, 1t seems entrrely pos;rble that any connectxon with vocational educatron
could diminish parents and students' 1mpres51ons of the course. At any rate, it seems very
probable that PT will remain a science course at Northside:
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Cﬁarles Vallev Vocaﬂonal Center

— —eeeee
e

The Setting 7

If you're flying to Charles Valley Vocational Center, it doesn't matter where you
land——you ll ha e to drive sorne drstance You mrght drive about 90 miles through a river
valley, old mountains, and Iittle towns all dressed up for Chnstmas before you arrive at
Charles Valley The nearest town is five miles south of the school and another town is
aboiit eight miles north. The air is clean, and when you stop at restuarants or gas stations,

you'll en30y smiles and pleasant conversation.
7 School buses drive to Charles Valley from as far as twent), miles away——as the crow
fhes By the tiffie the bus has wound down and around the old tvo- lane mountain roads to

Until 20 years ago, the economy of thrs area was bullt around the texnle 1ndustry, agrr-
culture and foundries. Lower taxes and labor costs, however, sent much of the 1ndustry
to the southem Umted States dunng the 1960's. Then the recession of the 1970's damaged
the economy of this river valley even further. Now the economy is bemg rebuilt with light
1ndustry and service 1ndustr1es Inl I:rppvrlle at the southern end of the district served by
Charles Valley; the Southard-Delmar Medical Ceriter serves an arca even moré vast than the
Charles Valley School Drstrrct In Burk the town closest to the Charles Valley school,
graded from a "college” to a unrversrty by the state's Board of Regents Vineland, a
town eight miles east of Charles Valley, is the home of what once was a large rarlway -car
constructron facrlrty and now 1s used on an occa51onal basrs by heavy 1ndustry If you
through rollrng farmland On narrow two-lane roads maintained by the state.

Charles Valley serves an area that is also covered by seven regular school districts. Six
of the seven high schools are feeder schools to Charles Valley At the end of ninth grade,
students in the feeder schools opt to go to Charles Valley or stay at the "home high school.”
Students who attend Charles Valley generally do so because of career interests. Some of
Charles Valley s graduates go on to college in engrneerng or in other academic areas, but
most begln careers or enter the mlhtary rlght after high school About two-thirds of
Charles Valley s students score in the fourth, fifth, and sixth stanines on nationally normed
achievement tests, and about one-eighth score in the upper stanines. Consequertly,
Charles Valley s 640 students pretty well reflect the national averages in general mathemati-
cal and verbal abilities.
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Charles Valley has an adv1sory board composed of the superintendents of each of the
six home hrgh sehools. Meetrng monthly; the board discusses curriculum, relationships
between Charles Valley and the home (feeder) hrgh schools; administrative issues; and
6ihéf faiééié of ihé Charles Valiey school Aiso each of the occupatiOnal aréa's tauglit at
Valley area. The occupational ad\ isory boards have no Budgets and make no bmdmg ceci-
sions on Charles Valley. However ; the board members' relatlonshrps with the school are
good and their o oprmons are respectea For instance, when the occupatlonal advisory board
to the automotive mechanics department told the school that computer dragnostxc equrp-
ment was needed in the auto mechanics shop if Charles Valley was going to keep pace with
the 1ndustry, the board's opinion was consrdered as proof that the auto mechanics teacher
was legmmately requestmg the new equrpment ThlS role as an advor:ate for an occupa-

Charles Valley Because of the large area serw d by this vocational center and the natrow,

mountainous nature of the roads in the f« reaches of the district, some Charles Valley stu-
dents spend as much as three hours per day ridifig a school bes. Aecommodatmg the bus
schedules of six different systems and still havrng enough class ume for students who must
spend four perrods per day in one occupatlonal department has requ1red Charles Valley to
be very exacting in scheduling the daily routines. There are erght 4l-minute periods in
every day. (The state requires that students spend 120 hcurs in each course during the aca-
demie year. At 4l minutes per class, students at Charles Valley Jusr fulfill this requirement
and are still able to meet their bus schedules.) Studenis spend four consecutive class | peri-
ods in the occupatlonal areas and go to their four academic classes during the other four
penods of the day. A student may spend the first four periods of the day in English, his-
tory, mathematics, and science; go to lunch; and spend the last four 41-minute penods in
graphic arts or auto body repair or one of the other fourteén occupatlonal areas.

- Charles Valley has a Cooperatlve employment program it which about one th1rd to one
half of the senior class partxcrpates When Charles Larkin,; director of the co-op program

hears abcut a job opening that mght meet the programs needs; he approaehes a teacher
about a student whc could fill the posrtron When a student has been agreed upon and has
been offered and has accepted the posrtron the student spends several hours per week on
the _]Ob earmng both 1 money and academic credit: Mr. Larkin, who also administers the
school's placement program, said that the only limit on the number of students partrcrpatmg
in the co-op program is the number of jobs available.



The placement service at Charles Valley is extended beyond graduation. While one of

the investigators was ta]krng with Mr. Larkin, a phone call came i from a man who had
graduated from Charles Va}}ey two years ago and was now looking for a job as an
electrician,
- Charles Valley also has a comprehensive athletlcs program that includes varsity foot-
ball wresthng, boys and girls' basketball, and other sports. Athletics was cited as one of
the reasons, however, that a studént mlght prefer to stay at the home hlgﬁ school rather
than attend Charles Valley. Coaches in the home high schools encourage the better athlétes
to stay at the home high school and play for crowds of people they have known all their
lives. 7

The academic environment at Charles Valley reflects a recognition that most of the stu-
dents want to do well in their occupaticns but do not, in most cases, plan to attend college.
Students spend half of each day in academic classes and half in the occupational areas.
There are no study halls at Charles Valley There used to be but the state upgraded its
math and scrence requrrements for graduation, and at Charles Valley; that meant theré was
no longer room in the daily schedule for study halis. The tenth- grade mathernatics courses
are taught as independent studies, with €ach student 1 usmg a text based on the special math
needs of his or her chosen occupation. That means that mathematics teachers at Charles

Valiey fnust be farmhar with s s1xteen dlfferent textbooks at the ienth-grade level.

Auto Body Repair Attomobile Méchanics

Carper'ry & Construction Cosmetology

Data Processing Drafting & Design Technology
Electricity Electronics

Food Preparation Graphic Arts

Health Occupations Horticulture-Floriculture

Machine Shop Marketing & Distributive Education
Plumbing & Heating Welding

Students m a11 areas except data processmg, electromcs and healt" occuoanon are

cherrustry.

The Pnnc;pfes of Technology Experience at Charles Valley
Prmcrples of Technology first came to the attention of school-sysient « ofﬁmal" when

Mr. Scolini, director of the Charles Valley school, heard the presrdent of CORD give a pre-

20 28



sentation about the course at an American Vocational Association (AVA} conference.
Thus, there was already an awareness of the course when State Department of Public In-
struction officials approached the principal, Mr. Mahan, about reviewing pilot test materials
as they were developed Mr. Mahan, Mr. Scheidler (the physrcs teacher), and Mr. Litton
(the electromcs teacher) ali agreed to review the matenals and attend the teacher onentatron
mittee agreed to pay the costs for the pnnmpal to attend this meeting, with the PT project
paying the costs of the teachers. So these three went to Dallas admlttedly not knowing
what to expect.

Mr: Scheidler, the physrcs teacher, said that he went to this meeting with a fairly nega-
tive attitude about the project: Although he feared the curriculum m1ght supplant his pl‘ys-
ics courses, he began to see physics instruction presented at the meeting in ways that he
had never conceived of before, even though he was a long-time physics teacher. He said
he had studled all of the systems that Were belng presented (mechamcal ﬂu1d elecmcal
were being presented in the PT course. He, the electronics teacher, and the pnnclpal all
indicated that they were very much 1mpressed with the course as it was presented at this
meetmg, and they approached the state offic1a1s about Becormng one of the official pllot
from being fa1rly negative about the course to volunteering to be a pllot-slte teacher.

After returning to Charles Valley, Mr. Mahan discussed Principles of Techno!ogy with
Mr. Scolini and they decided to ask the Operatmg committee to approve of approaching the
state with a requesf to be a ptlot site. According to Mr. Mahan, after Mr. Scolini's presen-
tation; the operating committee gave not only its approval but its "blesslng" to the project.

With the school accepted as a pilot site, the two teachers and principal began to decide
how the course would be taught at Charles Valley. Because the content was pnmanly
phys1cs it was agreed that the physrcs teacher would teach the course. The industrial edu-
cation teachers—lncludmg electronics, carpentry, auto mechanics, plumbmg, welding, and
machines—would be available to help create the lab materials. Because class penods at
Charles V alley are only 41 minutes long, it was decided that the mathematics department
would be pnmanly respons151e for teaching PTm mathematics in its classes. Finally, it was
decided to miake the course a requtrement for most Jumors at the school.

Amazingly, all these decisions were made either at the Dallas meeting or shortly there-
after. Two factors in the fast pace of these decisions seem noteworthy First, the group
was clearly impressed with the materials presented at the meeting. Second, the rapid imple-
mentation of the decisions made at this meet1ng was probably enhanced by the relatively
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actions. Thzt 1ndependence greatly speeded their nnplementatlon
Wlth the approach of the ﬁrst semester, Ms Scovm chalrperson of the science depart-

mvolved in the course. So two days before the start of the semester; she was ass1gned to
teach two sections of the course. For the 1n1t1al pllot test year, six sections of the course

Scovin, the science department chalrperson Over 150 juniors were énrolled in these six
sections:

Mr Scheldler said that, overall hrs first- -year experrence was pos1t1ve but it was also
trymg at-times. The course required significantly more preparation tirae than : any other
course he has taugh' He said he spent well over an hour a day preparing to teach it.

Much of his time was spent securing the 1 necessary lab equlpment Some of the equip-
ment was ordered from commercial vendors, but much of it was manufactored with the
help of the various industrial education depamnents Mr. Scheidler and Mr. Litton, the
electronics teacher, were each g given one day per month to work on lab equlpment Substi-
tute teachers were prov1ded for both teaehers for these days The two teachers spent this

makmg equ1pment for various labs. I'hey also worked with teachers from other shop
areas—carpentry, plumbmg, auto meehamcs and machines—to develop recessary equip-
ment. This entire process underscores the time rcquired initialiy to prepare the lab equip-
ment. It also underscores the school's commitment to the course.

Even with the extra time devoted fo developmg the lab equlpment, M. Scheidler found
the labs sometxmes frustrating. There seemed to be several sources of this frustration.
First, the equlpment that was ordered from the ve ndors rarely arrived on time. Second,
there were problems in gettmg some labs to operate properly. Fmally, when the labs
worked properly, the 41-minute class perrods were often too short to complete the labs.

Ms. Scovin's experienice with PT was somewhat similar to Mr. Scheidlér's S, but her
attitude was different. When asked what she thought of PT, Ms. Scovin responded immie-
dxately, "I hate 1t"' She went on to explam that she thought the course was very good but
people think of medlcme it tastes terrible, but it's good for you.

"If : anyone had told me that these kids could be taught the stuff that's in the course, I
would never have believed it until I started teaehmg it;" Ms. Scovin said. She observed
that many of the students' mathematics skills ended after addition and subtraction when
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they began taking PT, but that at the end of the course, those skills showed gréat
improvement. ,

Asked whether the labs would become easier to teach as time went on; she said,
"Maybe, but I doubt it. We're doing so much adaptation that the labs haven't quite settled
down yet." - ,

~ She thought that it was not the slower students who had trouble with the labs, but the
smarter ones. "The smart kids memorize for.nulas but don't learn how to apply them: The
slower kids have fo start with apphcatlons or the formulas will never make sense to them."

Ms. Scovin also taught PT in summer school after its first year of implementation. The
summer-school course was taught in daily two-hour sessions over a three-week pencd
The class covered the first five units.

Most of the mathematics for the first-year classes was taught by the mathematics de-
partment. The department used the material in the Principles of Technology text and sup-
plemented it with other rezources. The science teachers and the mathematics teachers regu-
larly communicated about the mathematics needs of the PT students: This communication
was facilitated by the proximity of the mathematics and sciénce departments (they re across
the hall frOm one another) and the good personal relatlomhtps among the teachers. (Mr.
Scheidler is the brother of Ms: Gustin; the mathematics department chalrperson )

Overall, then, a notable feature of the Charles V alley experience with the first year of
PT Was the amount of collaboration among various departments, mcludmg sciénce, mathe-
matics, and industrial education. It seems that this collaboration was facilitated by a combi-
nation of administrative support and ¢ encouragement, the small size of the school and fac-
ulty, and good personal relationships among the faculty involved. Even with the support
and cooperatmn of fellow faculty members, hiowever, the two teachers who actually taught
the first year of the coutse found it to be a time-consuming experience marked by frustra-
tion with much of the lab equipment;

The summer between years one and two found the PT teachers still busy with the
course. Mr. Schexdler and the pnncxpal attended the summer workshop in Dallas. Addi-
t1onally, both Mr. Scheidler and Mr. Mahan made a presentation at a workshop sponscred
by the State Department Qf Public Instruction.

Year two has seen growth in both the total sections offered and the total students
enrolled in PT at Charles Valley: There continue to be six sections of PT year one taught in
the science department: Mr. Scheidleér teaches one section, Ms. Scovin teaches one section,
and Mr. Liedtke teaches four sections. Over 150 eleventh-grade students are enrolled in
these six sections. Mr. Scheidler is also teaching two sections of PT year two, with over
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50 students enrolled. Students who elected not to enroll in the year-two class éithér are not
takmg a science class or are enrolled in onlogy 2

logxcal sciences and he told the researchers that he had taken only one college physrcs
course Therefore he said he 1s spendmg at least one hour a day preparmg for hlS PT

Principles of Technology has become an integral part or the curriculum at Charles
Valley in a fairly “ort time. It has fostered and benefited from collaboration among the
science department the mathematics depanment and the industrial education department.
And the administrators and teachers at Charlés Valley all said that they felt the course
addressed a real curriculum need for their students.

Charles Valley Students

As described on page 18, students at Charles Valley are acadernically similar to students
at the area home high schools. The home high schools have a sllghtly hlgher propomon of
students in the 1 upper stanines of natlonally normed achievement tests; but the Charles
Valley student body represents the full range of academic achlevemert

What was the 1mpact on students of all the faculty éfforts to 1mplement Pnnaples of
Tef‘hnology? Several students were interviewed—some who had elected to continuée with
year two of the eourse and some who had elected not to take year two. Students voiced a
wide range of attitudes about PT. Many enjoyed the course, as witnessed by the enroll-
ment in year two. Reasons for taking year two included enjoyment of the labs, enJoyme*tt
of the video | programs, populanty of the teacher and career-oriented reasons: "It helps me
understand auto mechanics more than bxology does." S )

Students who did riot clicose to take year two méntioned dift;leiilty with the mathe-
matics more than any other reason. One students szid, "All of the formulas made it hard."
Some students found the reading difficult, and one student specifically mentioned that the
texts had too many "big words."

~ All students seemed to enjoy the videos. They menticned that the videos helped with
tlie tests and lielpéd iﬁéri iiﬁderét;iiid \iiérléplaéé applieations The role models in th'e video

and babbled less.”
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Principles of Technology Classes

Using the Videos

Among the three teachers there were different approachés to usmg the Prmcrples of
Tecﬁnology video programs

Ms: Scovin considered the videos self-explanatory and instructive without classroom
drscussmn She would turn on the VCR and show the program. Her introduction to the
program would consist of, "OK, now. Be quiet and let's watch the program.” After the
class viewed the p program, she would procex,d with the class without comment about what
had been viewed.

Mr Lredtke mtroduced Lhe programs to hr., stt.dcnts by readmg the obJectrves from the

next year I'll handle thmgs more ﬂexrbly, but right now I'm Just using anythmg I can to get
the coneepts across. I thmk the students are more hkely to pay attentlon if I grve them

that pu see, but I don't know if it does or not.”

After watchmg the p program Mr. Lledtke would ask students to say where in the video
all the questlons More students would respond when Mr. Liedtke asked them to identify
hotme or workplace applications of the prmcrples preae'xtcd in the video.

The third teacher, Mr. Scheidler, would watch each program before he showed it to the
class, and from his viewing would write qestions that the students should answer as they
watched. For insiance, before the students watched the program for the electrical subunit
in Unit 3: Rate Mr. Scheidler handed out a paper with the following questions:

1. How do you measure rate in an elécrrical system"

2. What's an ampere?

3. What mtght be the vesult of uncontrolled rate in an electrical system?

4. How does alternatixg current differ from direct current?

Many students could be seen writing the answers to these quesiions as the program was
being shown.

After the program; Mr. Scheidler would go through the questions and briefly help

students discuss the answer to éach one:



In Mr. Scheidler's second year PT classes, the questions for the Overview program for
Unit 9: Waves and Vibrations were:

1. Give examples of when vxbratxons can create a problem.

What do waves have to do with vibration?

Give examples of times wher vibrations and waves can be useful.

What is the difference between mechamcal and electromagnetic waves?
List three characteristics that ali waves have in common. ) ,

After the program, there was very little time left in the 4l-minute class period. (The
video was not the first actmty of the clas, .J Mr. Scheidler asked the students to 1dent1fv
froni their lives examples of situations in which vibrations occurred. Examples they cited
included vibrat” sns created by a poorly balanced tire, by a hammer hitting a nail during
rooﬁng, and by a loose piece in a radiator fan in the classroom at that moment. Examples
of »-:ful vibrations such as sonar and ultrasound were also ehcﬂ:ed ,

Because the class period was so short, the class discussion had to be moved qulckly to
the next question. In the time available, however, Mr. Scheidler was able only to make the

pomt that vibrations caused waves, and then students had to move on to their next class.

e

The Oscilloscope Lab o
The researchers had an opportunity to observe ez :h of the PT teachers conducting the
oscilloscope lab. The text describes the objectives for this lab as:

. Usean oscﬂloscope to measure the period and amplitude of an electrical
mgnal

3 Use a function generator to provide a specified electrical waveform
(signal).

As with most of the activities observed, the teachers had different ways of dealing with the
lab material. ) - ,

The day before the actual lab day; Mr. Scheidler explained the function of the oscillo-
éééiié to his students. He passed out a sheet of paper illustrating the controls to the oscille-
scope: He had the same drawing on an overhead. He labelied thie parts of the oscilloscope
and had the stucents label the parts on their sheets. He concluded this activity at the end of
the class period.

On the actual lab day, Mr. Scheidler had his students report to one of the other science
classrooms for the lab because his classroom wasn't eqmpped to conduct the labs. (See
Facilities section on page 30.) When all the students were in one place he beoan with a
review of the oscilloscope material from the previous day. He then told them what théy
would be measuring in the 1ab. A senior electronics student was in the class to assist him.
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The electronics student gave a brief presentation about the equipment and how to usé it
properly. The students then went to their lab stations to conduct the lab. Working in
groups of three or four, they fussed with the equrpmert asked frequent c questrons of Mr.
Scheidler and the electronics student, and entered the data in the data tablés. Most of the
groups had completed the lab when the bell rang.

Ms. Scovin began her iab day at the board. She begar with a review of frequency,

writing the formula "f = m/t" on thé board as she explamed it. She then conducted a quick
review of some of the mathemabcs mvolved in the material because, she said, they "haven't
had it yet." Most of this review was conducted at the board. She then serit the students to
the back of the room to do the rab Two advansed electronn,s students were in the class to

tions, most of whlch were dire ted at the electronics students. They also entered th. ir re-
sults in the data table. The class concluded before some of the groups were finished with
the lab.

M. Liedtke also began his lab day at the blackboard. After briefly summarizing what
the student were supposeo to have leamed from the prevrous day s demonstratron of the
ment than they were. The two electronics students had the lab equlpment on a cart and had
been sctting it up in the back of the room during Mr. Liedike's introduction to the class. At
this point; Mr. Liedtke and the electronics students moved around the 1zb tables and gave
the PT students a lot of hands-on assistance.

By the end of the class period, most students in the class had not frmshed the lab; but

the) did seem to be much more eomfortabre w1th the use of the osc1lloscope Some of the

Issues

Time | o

Probably one of the major factors affecting Principles of Technology at Charles Valley
is the length of the academic class periods—4l minutes. These short periods were designed
to accommodate two needs of the schoos. First, because it is a vocational school, students
spend half their day in academic classes (mathematics, English, social studies; science) and
half their dav in their vocational areas (carpentry auto meehan'cs etc. ) Bécause all the
academic classes must be completed in only half the schoo! day, these ciasses are only 41
minutes long. Second, because students attend Charles Valley Vocational Center from six
different regular school systems, the bus scheduies of the home schiools were considered ini
schedvulirg the overall length of the school day at Charles Valley. The day can begin only



when the latest bus arives and must end when the earliest bus departs. Due to this combi-
nation of factoss, the academic classes at Charles Valley are tl » minimum length the state
will accept for credit. o o

Principles of Technology was designed to be taught in 5C-minute class periods. How
has the 4l-minute class period affected PT at Charles Valley? Nomeé of the thrée teachers
who were ‘eachmg the course thought 41 minutes adequat= for mary of the activities
esoec1a11y the labs. Indeed, in several of the classes observed, the bel! rang before the
planned activities were completed. Clearly, 4]-minute class périods aré too short for much
of the coursz.

How ha's C’hafies Vauéy at'tempte'd to eaf)e with this p’fE.B]' sm? Fiirét afa ?A-emcs’st most

department Tlua decision was made for both curriculum development concerns and time
considerations. Both the 'nathematlcs and science department teachers felt that the mathe.

matics could be better taught and !earned in the mathematics department Movmg most of
the mathemau(‘s instruction to the mathematics departme:t made more time available for the
other PT activities. Second Mr. Scheidler said that on very rare occasions students are
kept for a few extra minutes in the Prmaples of Technoiozy classes. He said lie doesn't
like to do this, but occasionally feels he must. Béyond this, littls can be done to ease the
constraint caused by the short time periods. It is a constra'nt to which the teachers and the
students have become accustomed,

Lab Equipment 7

Charles Valley builds much of its own lab equipment. This not only saves money and
familiarizes teachers with appllcauons of the Iab concepts but also; by the way it is done,
shows Charles Valley's commitment to the Prmriples of Technoiogy prog*am Ir.
Scheldler and Mr. Litton, the electronics teacher, are each given one day off per month to
work on lab equtpment. The school pays for substitutes to teach their classes.

Durme this "lab equipment day,” Scheidler and Litton put lab equipment together,
searching local auto parts shops hardware stores; electronics shops, etc., for parts that can
be veed as lab equipment. They also work on designs that can be given to thé machine
shop teacher, the wcldmg teacher ; and the plumbmg teacher to build for use in class.

l&"emdmg to the prmmpal and the Charles Valley busmess manager the money spent

than f pays for itself. Because Charles Valley builds so much of its own equipment, it saves
a substantial amount compared to the cost of vendor-supplied lab equipment.



During the course of this investigation, Mr. Scheidier was involved in creating a rocket
Sed out of a model train car and about thirty feet of track. The "rocket sled” was to be used
fof 21ab jn Unit 8: omentum. It was decided that the rocket sled woiild have fo be

pel‘ated ifi the haleay to have enough room to come to a stop wnhout artificial braking.
VIS event was antxcxpated around the school. During the prevnous sprmg, students had
beeny required to build their own landing pads onto which eggs could be dropped from the
e J00t's roof without breakmg Of course, it is pretty difficult to have a ciass of studénts
<droPping eggs off the school's roof without drawing attention: Similarly, the pradisposi-
Uoh Charjes Valley has toward building its own lab equipment not only saves mone’ and
thore ghly familiarizes teachers wnth the labs, but also provides some publicity for the

cxgss Buxldmg lab cqulpment and using it so publ.cly gives Principles of Technology a
Sp&clal mxage at Cnarles Vallev

tenalice Next year.

AlL in all, Charles Valley feels that it has made the right decision in building its own
eqiPmene. Mr. Scheidler pointed out that there are some pieces that cannot be built or pur-
Chaseyg locally Those pi€ces have to be ordered from a vendor. There are also i instances in

which Cigrles Valley will purchase one piece of lab equipment from a vendor and use it as
A 191%4e] ty determine whether it would be more cost-effective to build or to purchase others
likeit

Mahematics

Mathematics is part of a student's work every year at Charles Valley. Before Principles
Bf Jechnology, students took mathematics only in the tenth and twelfth grades. About the
$arfi® fime that Charles Valley was implementing PT, however, the Department of Public
Ins fMaction mandated one miore year of mathematics.

Adter t reviewing the | text, administrators at Charles Valley thought that the mathematics
presenied in Principles of Technology was slightly more advanced than the'mathematics
Chales Valley students received in their tenth-grade courses.

In addiion t to the State DPI mandate and the perception that the PT mathematics was
slightly moge advanced than tenth- grade mathematics classes; there was a third factor Ieao-
jng 1> the gecision that Charles Valley administrators madeé about their mathematics curricu-

lurrﬂ That thud factor was ume The 4l-minute class penods might not have been long
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Administrators lifted the mathematics instruction from :he texts to create an eleventh-
grade mathematics course. This decision helped Charles Valley in the following three

ways* , ) ,
T created a mathematics course to fulfili §tats requirsmens.

It made teaching Principles of Technology in 4l-minute class periods possible.

It brought students' math backgrounds up to tke levels considered appropriate by
the local administration.

The teacher-administrator cooperation that was needed to put the mathematics togther as

o~
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a course of its own is just one more way in which members of the Charles Valley commun-
ity worked together to make Principles of Technology opérational.

Faciliies

Principles of Technology is taught in the science wing of Charles Valley. Two of the
PT teachers teach the coursé in rooms that are equipped as biology/life science labs. The
labs are at the back of these rooms. The front of each room contains traditional classroom
seating—facing the teacher and the board for lectures, videos, and demonstrations. During
the labs; students cluster zround the tables in the back of the room in groups of three to
five. The tables are fairly close together, and the resiilt is a soméwhat cramped feeling,
especially as a teacher moves from group to group. Nonetheless, these rooms, aithough
fairly small, seem to be adequate for the various activities , B

Mr. Scheidier, the physics teacher, on the other hand; teaches the course in a traditional
classroom. His desk, in the back of the room, faces the rows of chairs that face the board.
He does most of his teaching from the front of ihe room, using the board to augment his
lectures and demonstrations. Although he can conduct most of the demonstrations with

this arrangement (there is a table in the front of the room), the room is clearly inadequate
for most of the hands-on labs. On lab days, he frequently trades rooms with one of the
other teachers. The proximity of his room to the other rooms; which are just around the
corrier, makes trades relatively easy. However, students séém to forget when theé room
changes will occur (this seems to be true of most students, who are creatures of habit), and
valuable class time is sometimes lost in the confusion. 7 7 ,

Overall, then, the classrooms that are used to teach PT at Charles Valley would prob-
ably be classified as less than ideal. However, the cooperation of the three teachers who
teach the course lessens the impact the facilities have on their iihpiéfﬁehtétiOn of the course.
Coilaboration - -

Principles of Technology is "not an add on," said Mr. Mzhan. The principal's attitude
pervades the Charles Valley environment. Perhaps this can be secn best in the inter-
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this report, this level of cooperatior is possible partly because Charles Valley, as a voca-
tional school, has a more concentrated educational focus than does a school that must sat-
isfy a wider vaﬁéty of needs. o ,

Faculty, students; their parents; and the administration at Charles Valley still have a
wide enough variety of needs, however, that the degree to which they cooperate deserves
to be independently reported. Note the following examples:

I Much of the lab equipment is built in the industriat education classes.

2. The mathematics department has worked with the science department to use PT as a

separate course.
3. The school pays for substitute teachers so that two teachers can work together on
the iabs.

4. Electronics students mainiain some of the Iab equipment.

Charles Valley has turned Principles of Technology into a schoolwide project.
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Mountain Vlew ngﬁ Scﬁool

—

The Setting

- Mountain View High School is in a community of about 35,000 people in a desert
basm of a northwestem mountaJn state The land around Mountam Vlew itself is barren
school and some of the best downhill skung in the world is only a 90—minute drive : away.
Thué' ihe hoﬁion ié Beauiifui aﬁd a§ a visitor to the area said, "This is lovely and, if I

This is an area in Which one rellgron is predomrnant About half the populatron are
members and about sixty to seventy percent of Mountain View's students are memibers. A
semm&ry is located on what appears to bc School property but i 1s actually owned by the

halls.

Whiie the ¢hurch's influence i is still strong, it 1s diluted compared to what it was ten or
more years ago. Ten years ago, administrators could call the bishop as a blind reference on
a teacher candidate. If the candrdate was not in good standing with the church, he or she
mrght not havc been hired. Thrs practxce has stopped but the church s mﬂuence is st111 telt

Engrneenng Lab (NNEL). The NNEL is federally funded and does research in nuclear
engmeermg, genetics, and 1n other areas of the natural sciences. The lab is so advanced
that iis staff is soon to install a Cray computer , and so secure that any person on unauthor-
ized property is discovered, contac'ed and ushered from the premises within five minutes
of first contact with the forbidden ground The potentially controversial naturé of the re-
search at the NNEL seemingly creates little if any unrest in the Mountain VICW community.
The people rely on the NNEL for the foundation of their economy and point out that the nu-
clear research done by the NNEL is for peaceful energy purposes.

The economy was not alwaya dependent on the NNEL. Twenty to ihirty years ago, the
area was hlghly agranan and there were primarily two types of farmrng Dry-farming
required tﬂhng of several hundred to a few thousand acres and would yleid oIXfy to seventy
Bushels of grarn per acre 1n a good year Farmers who used 1rr1gat10n could tnple the yreld

less well than it used to. 'The rehance on farmmg has decrcased so much in the area that
Mountain View dropped vocational agriculture from its vocational curriculum a couple of
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years ago. A sugar beet processing plant  ated across the road from Mountain View has
been closed down for ten years No uses for it have been found. Mountain View Hrgh
School is not located in a rich district. As one teacher said, "We kind of supply the bed-
rooms for people who work in other school districts:" There is very little industrial (i.e.,
tax) base in the district itself. Property owners in the Mountain View district have the hrgh-
est tax rate in the state although the district's budget is the state's thxrd smallest. A new
shopping maH has been built in the district and there are plans for a new hOSpltal both of
vhich are upposed to add to the tax base. It will be a whilé, howévér; before the 1mpact
of either of these ¢ can be apprecxated

There are a total of 6,718 students in the drstrxct There are erght elementary schools,
two junior high schools, and one high school. Two of the junior hlgh schools are currently
sharing the same building.

The district seems to be able to resp0nd qulte rEadll§ to community curricular needs.
When some parents felt that Mountarn Vrew should offer a course in J; apanese the course
ever, due to lack of enrollment. Courses abou* computers are offered even in the elemen-
tary schools.

~ Mountain View School itself is on the edge of town. The burldrng is about ten years
old and desigried with a couple of very modern concepts When you walk into the build-
ing, you enter a large common area. The commons is bnghtly carpeted and surrounded by
students lockers. Students mill around in this area before classes and dunng lunch: Also,
some classes;, such as aerobrc dancing, can be taught in the commons arca. Accordmg to
one teacher, the commons is very nice because it gives the students a place to congregate
and they seem to treat the area respecrfully Dependmg on the time of day, it may be clut-
tered but there is no graffiti or other signs of vandalism.

Frem the ¢ commons you can walk up a short flight of stairs in Just about any drrectron to
a class;ocin pod Each pod has five classrooms: There is a science pod, an Enghsh pod, a
math pod, etc. When students move from one class to another, they srmply leave the class-
room pod, walk down the short staircase through the commons and up a few steps to the
pod where their next class is located. ) B N

Industrial education classes are taught elsewhere. There is a small cluster of older
bulldlngs at the other end of the football field from the school. Atuto 'nechanlcs auto body,
weldmg, carpentry, and metals are taught in this small cluster. Addmg a vocational educa-
tion pod onto the school building is in the school board's p!ans and a bond issue was
passed recenily for more construction in the school district. The money from that issue
must go, however, to building a new junior high school. When asked when the new voca-
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tional pod would be constructed, one industrial teacher responded, "The millenium plus ten
years."

Industnal educa*lon teachers have mixed feelings about not bemg part of the high
school building. They complain about not be1ng kept informed. ("If there's a change in
the bus schedule because of the weather, we find out because the buses arrive éarly.") But
they also enjoy the freedom. ("We kind of run our own liitle nation out here.")

Counselors told u.. investigators that énrollment in Prmcrples of Technology (which is
slxghtly better than the national average foi the pilot test project) would bé much hxgher if
Mr. Swenson, the PT and metals teacher, was willing to teach in one of the high school's
rooms.

~ The schedule at Mountain View is unique. It is referred to as an "8- penod modlﬁed
block" schedule. Each period is 95 minutes long and a "schedule day" actually lasts two
calendar days with four penods in each calendar day So students and teachers will have
spec1ﬁc classes on Monday, Wednesday, and Friday of oné week; followed by the same
classes on Tuesday and Thursday of the next week. Many teachers thought the new sched-
e be a good idea because 1t allowed for more contact tlme durmg the day than a more
modified block schedule seems to be workmg (One impact of the schedule on this study
was that only two days of PT classes could be observed. )

Mountain View has also inherited a couple of speciai circumstances from the State
Department of Education. There is 2 C-average rule that requires students to maintain a C
average in their core classes (Engllsh mathematics, reading, and speech) in order to grad-
uate. Also, regardless of in-class test performance students in this state do not receive
credit for taking a course in which they have misséd tén pereent of the classes.

Many, many studen:s in Mcuntain View have their own cars. At the end of thé school
day, the parking lot is hectic. Also, students who have to go from the high school to the
vocational area commonly drive out of the parking lot and then down the road to the voca-
tional parkmg lot rather than walk the roughly two hundred yards required to get to voca-
tional classes. This is a phenomenon that occurs even in the most beautiful weather.

The Principles of Technology Experience at Mountain View
Mr. Swenson, the PT teacher at Mountain View, first heard about PT from Mr. Arring-
ton; the state department representative for vocational education. Mr. Swenson told the
researchers that, after 14 years, he had reached a pomt of burnout in his teaching and was
searching for something new to use in class. As a result, he wrote a proposal to the state
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department for a computer manufacturing program. While that proposal was being consid-
ered, the state department approached him with a program that would be pilot tested over
the next two years. Of course, that program was Principlzs of Technology Mr. Swenson
agreed to become one of the two pilot test sites for the state. Interestlngly, his proposal for
the computer manufacturing program was also funded, so Mr. Swenson would be imple-
menting two new programs the following year.

Mr. Arrington, the staté department vocational education representatwe then contacted
Mountaln View's adrmmstrators He presented the program to Mr Adler, the prmcxpal
View becamé an off1c1al pllot test site: The costs of 1mplement1ng the course would be
underwritten by the state vocational education department. Thesé costs includéd the lab
equipment and a videocassette recorder for the classroom. Mr. Swenson, an industrial
education teacher, would teach the class.

Dunng the follow1ng summer, Mr. Swenson went to Dallas for the rntrocluetor)l work-
shop. The group that Mr. Swenson was traveling with arrived late to the workshop, and
so they walked into the 1 meet1ng after the initial sessions had begun Mr. Swenson told the
researchers that he was somewhat overwhelmed at this workshop, because much of the
material being presented dealt with conicepts that he hadn't covered in quite a while. This
material included both the physics and math content. So Mr. Swenson returned home
somewhat apprehensive about the upcoming year, feeling that he would have to work hard
to be able to teach the material to his students.

Mr. Swenson began that year teaching four sections of metais, the new computer man-
ufacturing class, and the Prmc:ples of Technology class. Since the PT class wasn't in
place in the spring, students were recruited during the first week of school. Most of this
recrulung was handled by the counselors The result was a ﬁrst year enrollment of 21 male

The class was taught in Mr. Swenson's metals lab. This lab is in its own building in
the 1ndusmal education cluster. Mr. Swenson told the reseachers that he had to work very
hard dunng the ﬁrst year of the pllot test anc‘l in many instances, felt like he was learmng
two hou™s i in the evenlngs preparing for the next day' s class.

Overall Mr. Swenson was pleased with the first year of the pro;ect even though it had
its problems. Most of these problems were with the lab equrpment Frequently, the lab
equipment didn't arrive when it was needed. Also, he had to work hard to stay on top of
the material. Nineteen of the 21 students who began the year completed it.
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For year two, nine of the eleven first-year students who weren't seniors returned for
year two of the course Another ﬁfteen students enrolled for year one of the course and at
other three either dropped out of the class or dropped out of school. Mr. Swenson reported
he was much more comfortable in year two of the pilot test, both in teaching the year-one
course; since he had been through all of the materials the previous year, as well as in teach-

Durrng year two of the course, Mr. Swenson made a presentation to the school board
about the Prmczples of Technology course in which he showed the overview video pro-
gram to the board and discussed how he was teaching the class. Board members respond-
ed enthusiastically. According to the superintendent, "Several board members said they
Wi'shed they couid ﬁavé had §uch a ééﬁ?sé Whén theji i,i/ere in hi gh School " At the conclu-
course.

What does the future hold for PT at Mountain View? Mr. Swenson has undertaken ex-
tensive recruiting efforts in the junior high schools. (These efforts are described in detail
on page 43.) If these recruiting efforts are successful, it is possible that up to four or five
first- year sections of PT will be offered at Mountain View. If this many sections are
necessary, it would present a dilemma for both Mr. Swenson and for the school
administration. Mr. Swenson told the réséarchers that altheugh he likes PT and is
committed to it, he wouldn't want to teach only PT sections. He said he also enjoys
teachrng metals and the computer manufacturing course and wouldn't want to grve them
up If more oectrons are requlred than Mr Swenson can teach the school adrmnrstratron
researchers that he is committed to having a vocatronal teacher teach tne course, since he
feels such a teacher can most effectrvely communicate the hands-on aspects of the course:
So, if a significant number of students elect to take thé course, it seems ltkeiy that another
iiocational teacher will be selected to teach additional sections. Of course, these decisions
await the results of the recruitment efforts:

Finally, during the summer after the second year, Mr. Swenson wrll travel toa nergh-
boring state for another PT workshop. Four mountain-area states have formed a mini-con-
sortium to help one another with the 1mplementanon of PT in additional schools. Many
prospectrve PT teachers W1ll attend thr., summer workshop and learn about the course A

how to secure it and also how much of the equipment can bf, made on-site. Although Mr.
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Swenson was not one of the presenters at the workshop, it seemed likely that he would be
sharing his 1n51ghts as cne of the pilot test teachers.

Students at Mountain View who take Principles of Technology say they enjoy it. Nine
of the eleven underclassmen who finished PT-1 enrolied in PT-2. Addtttonaily, a student
who had taken physms asa _]umor is now takmg PT-2 without havmg had PT—l One of

schedule. The other student who did not enro]l in PT-2 said that he would rather take a
course such as Pnnczples of Technology from a regular physics teacher.

The physics student who had not had PT-1 said that he was not having any severe
trouble with PT-2. He explained that whén thé course dealt conceptually with physics, it
was an easy review for him. When the students were in labs, he said that PT-1 students
sometimes understood the equipment better than he did but that he caught on as the lab
progressed. ,

Three of the students in the PT-2 class take no other classes in the vocational area.
When asked; one of these students said that he was willing to go over to the metals shop
for PT because "one of the counselors said it was z good class:" When asked why more
r.on-vocational students were not willing to go over to the industrial education area to take
PT, these students said that more students probably would be willing to if they knew about
the course. -

- When the PT-2 students v/ere asked what they did not like about the course, the first
thmg they mentlonea was the role models in the videos. "They don't seem like they know
what they're doing," said one student. "And the \ way they explam stuff sometimes makes it
more difficult to understand. Like that guy who was up in the skyscraper explaining
vibrations."

Other thmgs that the students did not like about the course were that too often the lab
equipment was either not available or did not work when it was available. Students also
suggested that some of the vocabulary in the text was a little too "high falutin™ and that
many of the explanations "like the one about how an air conditioner works" might as«
be left out because they make the lesson harder—rather than easier——to understand. Stu-
dents explained, however, that they appreciated the class time Mr. Swensen would take to
explain anythmg in the text that they did not understand.

Some students identified times outside of the class when they had thought of Principles
of Tschnology. One student who was a ski instructor said that he was teaching an engmeer
how to ski and, while he wasn't able to exactly explam how the forces were working on
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the skies, he was at léési able to tell the engineer to think of skiing in terms of "forces" and
that somehow made the engineer feel more comfortable about it. Another student men-
tioned that PT made his dad's irrigation systerr. moré intérésting to him.
~ Students taking PT-1 also seemed to enjoy the course. Of the eleven students present
the day of the classroom interview, nine said that, schedules permitting, they would take
PT-2 next year. Year-one students said that they had no problems with lab eqmpment and
that the labs were interesting and helpful for understanding some of the concepts discussed
in class.
Several of the students in the ycar-one class saxd that Prmc:ples of Technology was
helping them with the science section of the state achievement tests that they had taken that

morning.
Principle s of Technology Classes

PT Class—Resistance (T uesday) ,

Mr. Swenson began class by holdmg up a brake shoe and saymg, "We've becn talkmg
about resxstance You a!l kriow this thing in my hand works because of resistance. But
look at it. (Mr. Swenson ran his finger over the brake shoc's smooth surface.) There's
not much friction here so how do you suppose the resistance is created that makes your car
stop?"

A ééuﬁié of the students talked to each other and then one of them said, "Pressure?"

"That's right. So now that you've figured that out, what do you suppose the relation-
ship between pressure and resistance is?"

Some students' eyes bulged when they realized that Mr. Swenson was expecting that,
from something sm'ole like a brake shoe, they should learn about the relatxonshlps among
coneepts like resistance, pressure, and friction. They looked at each other and chuckled s
though they were getting used to such expectations as this.

After the class dééiaéa that resistance must increase as pressure increases, Mr. Swen-
son said; "OK, we're gomg to move on to the next idea here. How would you feel if you
took your pzckup truck into the mechanic for new brake shoes and he was dirty and had
grease all over his hands and he put his hand on the brake shoe surface as he installed it in
your truck?"

Several of the students said they would be angry about that:

"How come?" he asked.

"Because my brakes wouldn't work."



Mr. Swenson, through questlomng the students until they gave the right answer, got
them to say that the grease was a "lubn\.ant" and from there he moved into a discussion of
lubneants, ﬁuuon and resistance. Only after the students seemed to be ablé to discuss
resistance in terms of a brake shoe did he ¢ g0 to the blackboard and start to explain the form-
ula for calculating resistance.

After this, he asked students to identify good and bad examples of friction in their real
Lives. Students immediately said that friction was bad for automotive pistons and that by
adding a lubricant, such as oil, they could cut down on friction that would otherwise cause
0o much heat and be harmful to the1r trucks' engines. Students also identified the relation-
ship between friction -4 tire pressure. M. Swenson helped them explain this to him by
drawing diagrams on the blackboard of a tire's footprmt at 26 psi and at 32 psi. Students
said that the hxgher the pressiire, the smaller the footpnnt and the less the wear on the tires:
They also pointed out, however, that the lower the pressure, the larger the footprmt and the
greater the safety since there was more contact with the road. Other examples of useful
friction included sandpaper and the buffing machiné that the students used in their metals
class.

Mr. Swenson moved the dlscusswn on to the heating and air conditioning system in a
house. Students rea'ized that when they were de51gn1ng the layout for the ducts, they
wanted as few bends in the system as possible because bends would crcate résistance and
therebv reduce effic:lencv At one pomt in this discussion a student mentioned that the same
prmcxple appled to the "PVC in their homes. Another student said, "What's PVC?" Mr
Swenson went t his PT equipment supply closet, emerged with a pleee of white plastlc
tubmg in his hand and said "polyvmyl chloride" and the discussion moved on.

Class ended with students bemg given the last fifteen minutes to read their texts.

PT Ciuss:En’ergy Converturs ('i*Ués’riay)

table wh11e Mr Swenson openc 1 his teacher’ s text to begin the class. Standmg behind his
"lectern" (a clean, plastxc garbt ge can with a two-foot square piece of plywood on t0p),
Mr. Swenson used the text as a .ecturer would use notes. Except for readmg the subunit
ObJCCthCS to his students, he did not read from the text. Rather he dxrected students atten-
tion to different portions of the text and discussed the various conr epts with them.

Mr. Swenson rarely used the blackboard and when he did, he drew diagrams moie
often than he wrote formulas to help students understand what was bemg discussed. As
class went on; Mr. Swenson drew on what the students should have learried from other
units. He referred students to the text as they discussed a thermopile. "Remember what
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efﬁcre-rc y is?" he asked. The student who was first to say "yes" was prodded into describ-
Mr. Swenson stopped the discussion to give students a few moments to read about effi-
éieﬁéy 6f a théfrﬁopilé After siudéﬁts héad thé text Mr Swenson Wrote the equation for

your books Use your heads and a httle common sense.” He told students to explam these
coricepts ' 'In your own words and glve me an example of it." Students verhaﬁy considered
relationships among joules, watts, and calories/second. Students considered that while
they could actually work the equation in any units, they were most familiar with watts and
they thereby determined that watis would be the units to which they would convert every-
thing when calculating the cfficiency of a thermopile.

~ High efficiency is not always the most important concesn about energy convertors and
Mr. Swenson pomted this out by dlscussmg with the students how energy could be con-
verted in space. The side of a space capsule that is toward ihe sun is very hot while the
side that is away from the sun is very cold Mr. Swenson pointed out that students should
realize from this that while 1 usmg a space capsule as a thermoplle is very inefficient, 1t is a
wise way to convert energy in space, because in this real-world example no fuel is re
quired. Rather the energy is converted from the natural temperature differences on opposité
S1des of the space capsule
and a lengthy dlscus51on ensued about many real-world examiples of convemng thérmal to
mechanical energy. Students identified engine starters, thermostats and toasters. At
"‘oaster Mr Swenson laughed and stopped and sa.d hz wasnt sure that a toaster was an

of the class said somethmg like "yeah, maybe not," and the discussion went on without the
question being resolved cne way or the other. At one point, students were havmg trouble
identifying any more thermal to mechanical energy convertors. Mr. Swenson went back
into his supply closet and came out carrying a piece of equlpment from a previous lab and
acked "Remember this?" He pomted out that while the purpose of that partlcular lab had
not been to study thermal to mechanical energy convertors; this pamcular piece of equip-
ment was a very good example of one.
After thls Mr. Swenson reviewed the unit with students before they took the unit test.

Rather than _]USt readmg the oBJectlves Mr. Swenson made sure that students could discuss
the basics of each ObjCC[lVC. Thé class thén watchéd the unit overview vidéo program.
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Students were not able to finish the test before the class period ended $0 Mr Swenson told
them that they could begin the following class period by finishing the test.

Pr Clas—Energy Converturs (T hursday)

Because of state achieve:ient tests durmg the mommg, all classes were compressed
into the aftemoon Esch class lasted 35 minutes.

Students in P7-2 came into class and finished the test on Unit 10: Energy Convertors.
Because of the shorténed day and the unseasonably beautiful weather (the door to the metal
shop was open), the siudents were somewhat unruly. Mr. Swenson had to talk to them
more than once to get them to settle down and finish their test. Mr. Swenson had hoped to
Start Unit i i- 'l‘rans'du'cers by th?' eﬁd of the p’éﬁ'oa But the students f‘miihéd thé test iivith
followmg class penod

o Issues
Facilities o

Mr. Swenson teaches PT in his metals lab. This lab is in a small, older, metal building
that sits across the football field from the hlgh school. The msxde of the building contains a
small office in which Mr. Swenson has an Apple computer and printer. Most of the rest of
the bulldmg is taken up with a large space that contains various metal- -working machinery,
the computer -assisted desrgn machme and classroom desks that face a blackboard in front
of the room: The PT lab equrpment is stored in a long walk-in closet that is next to Mr.
Swenson's ofﬁce This closet contains a vanety of shelving, and the equrpment is very
carefully organized. If students have questions, Mr. Swénson car qurekly locate an appa-
ratus from the closet that illustrates the principle in question. Mr. Swenson's classes are
the only ones taught in this buxldmg -

Most of the other industrial classes are taught in another older building across the park-
ing Tot from the metals lab. However, all the industrial facilities are located about 200
yards from the high school. 7

The issue of facilities boils dewn to one of where the class should be taught: in the
metals lab, or in the science pod of the high school. Mr. Swenson adamantly prefers that
the class be taught in the metals lab. He said he thinks it is essential that he have complete
and ready access to the vanety of equrpmeﬁt that he has in the burldmg This equrpment
includes both the PT lab equipment and the variéty of other equipment that he uses in his
metals and computer manufacturing classes. The prmcrpal on the other hand, would pre-
fer that the class be taught By Mr Swe“xson 1n the scrence pod of the hlgh school He feels
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sons: Fr st, many students are simply not willing to take classes in the vocational area
because the buiidings are too far away. Second, he believes that if the class is taught in the
science pod, it might attract additional students who are on more of an academic track in
their scheduling, but who would benefit from Principles of Technology's hands-on
approach to science.

Thus, the issue of facilities is one that has yet to be résolved.

Teacher

Pnnc:ples of Technology is currently being taught by an industrial education teacher at
Mountain View. As we have séen, thé course was tauﬂht by an industrial education teacher
for two reasons. First, since Mr. Swenson hrmself already had submitted a proposal to the
state depaitment for 2 new program, the state approached him when the Principles of Tech-
nology prlot progr. m became available. Also. the school's pr1nC1pa1 said that he felt the
course should be taught by an industrial education teacher. If additional sections of the
course are required, and Mr sv’v’éﬁgoﬁ ié not ablé to teach aH the sections the principai said

has not worked wrth since college. When somethrng comes up in class that is outside his
recent academic experience, he tells the students that he and they will have to learn about
that together Students remarked how much they apprec1ated that approach and sard that
often. B o

Mr. Swenson relates everything in the course to his students' real lives as much as he
can. For example he said, "Pickup trucks are the in thing.' You've got to have four-
wheel drive and big tires and jack the whole thrng up. That's OK We just use that to talk
about torque. I asked, 'What happens when you increase the size of the tires?,’ and they
said, 'The rear end goes out.' We try and relate it to somethrng that means something to
them like that. That geté them interested in the class."

Norm Broughton chairman of the Mountain View vocational department said that
vocational education needs more courses like PT. Accordrng to Mr. Broughton there's too
little empha,rs on teachlng science to vocational students.

Whether Prmczples of Technology should be taught in tne vocational buildings or in the
high school burldmg is an issue that Mr. Broughton feels slrongly about: "They think that
a lot of goord students are missing out on PT becaiise it's not taught over in the other build-
ing: That nay be," he says, "but those students can come over here to take the course; and
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besides, there's no reason that our studénts should have the course removed from the set-

ting they enjoy the most.”

Recruitment

While the researchers were at Mountain View, Mr. Swenson spent a day recruiting
ninth-grade studerits for next year's PT course. Beécausé both junior high schools usé the
same building (a new junior high is soon to be constructed), Mr. Swenson was able to
make presentations to all ninth-grade earth science classes in one day. Conveniently, the
junior high is located about 50 yards from his metals building. A substitute teacher was
provided so Mr. Swenson could devote his entire day to recruiting.

After being introduced to each class, Mr. Swenson made a brief five-minute prescrita-
tion about PT and explained where the class was taught. He told students that PT was
"technologically current" and would give them a good foundation for understanding the
technical aspects of the world in which they live. He explained to them how often technical
employees had to be retrained in order to stay abreast of developments in their jobs and said
that PT would give them an understanding of technical systemis.

After his brief introduction to the course, he showed the overview video, "About Prin-
ciples of Technology." In the classes that the researchers observed, students were quite
was also present. Mr. Swenson then answered students' questions. One student asked if
the course could be substituted for biology since it was a science credit. Mr. Swenson
didn't have an immediate answer for the question since the issué had not been addressed:
After checking with the faf'iriéipél and the guidance counselors, he determined that biology
was a required science credit for graduation, so PT could not be substituted for biology.
PT, it was explained to the students, would be granted an elective science credit.

In most classes, Mr. Swenson's presentation lasted about 20-25 minutes including the
time for showing the video program. For some class periods, he had to make two presen-
tations during one class period. During the day, Mr. Swenson addressed about 350 ninth-
grade students.

Regarding ideal enrollment for PT, Mr. Swenson said lie would like to have at least
two sections with 12 to 15 students in each section in order to feed one section of the
second-year class. He also said that Principles of Technology was not for "the best kids"
and that he would not want too many of them in PT anyway because "that would make the
kids that this was intended for feel uneasy.” Mr. Swenson wants il of the PT students to
have at least a general math background and said he could even take a couple of special

education students if the situation warranted it.
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Relationship with Science Department ,

Two faculty members of the science department were interviewed by the researchers:
These teachers taught physics, earth science, and biology classes in the science pod of the
hrgh school: Both teachers said they knew very little about the Principles ofTechnoIogy
course. Both said they had planned to get over to Mr. Swenson's class to observe but that
to this point, they had not made the time. They knew the course had been funded well
enough by the state to purchase a considerable amount of lab equipment and noted that the
state funding created a difference in the amount of équipment available to their department
and to PT.

When researchers asked if it was okay that the PT students were rece1v1ng science
credit, both teachers expressed surpnse that science credit was bemg given. The physics
teacher said that he wasn't sure that science credit should be given to studeénts for takmg a
course froin a non-science teacher. -

(It is relevant to note here that in the pllot testmg of Prmcrples of Technology, there
were no significant differences between how students of industrial éducation teachers and
students of séiéﬁée teachers performed on the pre- and posttests.)

Th us, there 1S almost no contact Betweer. the smence department and the mdusmal/

from one another—in separate bulldmgs—a relationship between them is difficult to foster.
For Prmczples of Technology, this means the science department is virtually unaware of the

course's existence.
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This report described the observations of two researchers who were able to spend only
one week at each of three schools. Buteven with such a brief glmpse one can gain an ap-
preciation for the complex combination of elements that affects Principles of Technology's
implementation.

As a physics course des;gned for vocational students, PT is a curricular innovation.
Implementatlon of any curricular :nnovation is affected by a variety of factors, inciuding
but not limited to

¢ the needs of the community served by the school
* the socioeconomic level of the community
¢ parental éxpéctations
* the size of the community and school
+ the state's policies o
» the administrative structure of the school district
» the educational focus of the school
* the teacher's Béckgféun& and style

* the students' backgrounds and expeciations

In the three schocls described here, the rélative 1mportance of these elemnents affected
many decisions about funding, fac111ty allocation, course credit, teacher selecuon, and stu-
dent recruitment. |

In this study Wé‘ve attem'p'te'ci to aéa;eﬁb'é how thésé mahy ?a’ctofs seem to be éffeeting

of mdlvrdual teachers One of the ‘beauties of tcachmg is that there are many different
styles. Certainly, the five PT teachers observed in this study had their own individual
styles. The differences in the ways science teachiers and the singlé vocational téacher taught
the course were striking. The science teachers tended to explain concepts through fomulas
presented at the board. On the other hand, the vocational teacher observed tended to illus-
trate concepts with: concrete examples. It's relevant to note that the pilot test results showed
comparable pre/posttest gains in classes taught by science teachers and those taught by
vocat'onal beachers

Wnnng and talklng between ourselves; what have we learned? It is not easy to implement
Principles of Technology' For administrators, decisions about who will teach the course,

who will take it, and where the funds can be found are complicated. Teachers have many
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components to coordinate; whilé at the same time concentrating on a dense curriculum and
the needs of their students. For students, the course is a mixed bag of science and mathe-
matics, demonstrations, and hands-on activities. S

It's most encouraging to be able to report that even with all the challenges the course
presented them, the administrators, teachers; and most students at ach of the three sites
said that PT i‘éﬁiiﬂ their effort. As one principal said, "If you want to make it work, it will
work. We think it's worth it."
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" Participating Agencies

H

Alabama State Department of Education
Division of Vocational Education

Alaska Department of Education

Alberta Education

 tizona Department of Education

~rkansas State Department of Education =
Vocational and Technical Eaucation Division

California State Department of Education
Division of Vocational Education

Colorado State Board for Vocational Education

New Castie County Vocational-Technical School District
Fiorida Department of Education ,
Division of Vocational Education and Office of Instructicnal

Television and Radio

Georgia Department of Education -

Office of Vocational Education
Idaho Divisicn of Vocational Education
Illinois State Board of Education =~
Department of Adult, Vocational and Technical Education
Indiana State ﬁfo:i'rti 'of V’o’caﬁ'o’iiéi and ’?‘écimicai Educaﬁon
Iowa Department of Public Instruction
Career Education Division
Kansas State Department of Education
Comnmunity College and Vocational Education Division
Kentucky Department of Education _
Division of Vocational Education
Louisiana State Department of Education

Office of Vocational Education
Maine State Department of Educational and Cultural Services
Bureau of Vocational Education/Division of Program Services
Maryland State Department of Education
Division of Vocational/Technical Education
Massachusetts Departmient of Education
Division of Occupational Education
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Mlnnesota Special Intermediate School Btsmct 916

MlSSlSSlppl State Bepartment of Educaa
Vocational-Technical Division

stsoun Bepartment of Elementary and Secondary Education

Montana Office of Pubhc Instrucuon

Bepanment of Vocational Education: Services

N ebraska’ Department ,of Educauon
Division of Vocational Educatic-.

New Mex1co
A consoruum of schoo] dxsmcts

N'orth Carolina State Department of Public Instruction
Division of Vocauonal Education

Nonh Dakota State Board for Vocational Education

OthDepartment of Educatton B
Division of Vocational and Career Educatton

Okizhoma State Depaftment of Vocational and Technical Education
Oregon Department of Education
Division of Vocational Education

Pennsy]vama Department of Education

Rhode Island State Department of f Education
Division of Vocational Education

South Carolina Department of Education
Office of Vocational Education
TVOntario
Tennessee State Department of Education
Division of Vocational Education
Texas Education Agency
Division of Vocanonai Educatxon
Utah State Ofﬁce of Educauon

Vermont State Department of Educatxon )

Division of Adult and Vocational-Technical Education
Virginia Department of Ediication

West Vlrglma Staté Department of Educauon -
Bureau of Vocational, Technical and Adult Education
Wisconsin Department of Public Instruction
Bureau for Vocational Education



Appendix B

Gentqut Bevnew Team

Jon Buschko
Technical Instructor

Intel Corporation

Chandier Arizona

Dxck Cassel

Office of Press and Commumcauons
Pennsylvania Department of Education
Harrisburg, Pennsylvania

Dr ioe Exhne . .
Associate Director of Scxence
Virginia Department of Education
Richrond, Virginia

Dr. Darrell Parks D:rector
Division uf Vocational Education

tho Departmenl of Education

Robert Patlon .

Coordinator of Instmcnonal Matenals Center
Oklahoma Department of Education
Stillwater, Oklahoma

Dr. Philip Rollain

Project Coordinator 7
North Carolina Department of Public Instruction
Raleigh, North Carolina

Mg[garet Sentif

Teacher. .. .

Hinds Junior College

Rankin Center

Pgarl; Mississippi

Don Tomey .

Superintendent of Youth Programmmg
TVOntario

Toronto, Ontdrio

Jim WllSOﬂ
Assxstam Supenntendent

Oklahoma City, Oklahoma
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