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Abstract

A RESEARCH PROJECT TO DEVELOFP AND
EVALUATE A TECHNICAL EDUCATION COMPONENT
ON MATERIALS TECHNOLOGY FOR
ORIENTATION TO SPACE-AGE TECHNOLOGY

By
James A, Jacobs

January, 1976

This developmental applied research project airﬁed to prpvide an
effective means of orienting non-traditional students, especially minorities
and females, to engineering technology in general and to basic materials
.science in particular. A grant from the National Aeronautics and Space
Administration through'Norfolk State College provided Thomas Kilduff and |
me with the support to develop_; implement, '.an-d evaluate a prototype |
component for self-pacing, individualized instruction on basi_c mat_erial_s
science. | |

While the instructional design primarily aimed at Norfolk Statg
College and Thomas Nelson Gommﬁnitj College, the Technical Education
-' Component (TEC) also sought to provide supplementary resources for
secondary school students. Barton Herrscher's model of an instructional
éﬁsfem férr_ﬁéd the bé.sis on \}vhich -Kiidﬁff é.n:d_ I aéveiﬁpéd ou::. TEC;' it
mcorporated competency-—based mstructmn that prmrlded for mastery‘
.learmng + A breakdown of the TEGC into modules la.beled STEM'S ( Self—pacmg

‘Technical Education Modules) and discrete learning packages or STEP's



( §e1f—pacing Eechnicai g)_dﬁcaﬁon Packages) permiis uﬁdating and expansion
ef the TEC, seiecﬁve use of STEM‘S or STEP's by secondary school teachers,
and segmenﬁaﬁen of materia.ls in order to provide students with frequeﬁt |
feedback as they take pre- and post-tests with each STEP,

The nature and properiies of plastics formed the prototype STEM that
received field testing at Norfolk State College, Thomas Nelson Community
College, and seven secondary schools in the Tidewater Virginia area.
Feedback .data from tiae pretotype guided the research team in the development N
. of -the remaining STEM's {o comprise the TEC. 'I‘he entire prototype TEC, |
consisting of ﬁulﬁ*media including programmed learning bbeklets, slide/
tape presentations, and demonsiration devices, received full implementation
and evaluation in the first course of materials and processes of industry at
Norfolk .St.afe College. Thomas Nelson Corshdunitjr .Celiege used the maferials :
to supplement several of thelr technology courses. To dlstrlbute the TEC to
secondary schools, we packaged the STEM‘S into four Career Awareness and
Exploration Kits and c_onducted two workshops for area secondary school
educators: one for counselors and one for industrial/technical educators.
A j.ury of 22 eﬁgineers technicians, educators, and counselors evaluated
the various elements of the TEC as did students taught by the system. The
ma]onty of j jurors evaluated the TEC as approprlate and accurate whzle
_theyF also made detalled comments for subsequent remsmns.

The Nerfolk State College (NSC) students taught mth the TEC gave
- ~us favorable evaluations and useful comments. Qne of our ulﬁma_te go_a}s

aimed for at least B0 percent of the NSC students to master 80 percent of the



cognitive objectives. That goal was nearly reached with this prototype TEC
since 79.1 percent of students mastered 80 percent of the 6bjectives o.n'all
STEP's, This result compared to a proportion of 65,8 percent of all previous
students v;rlzo passed the same course. In festing the diﬁerencés in propor;
i:io_-ns between passing students under the TEC and those passing under the
traditional mode of instruction, the increase provided a z value significant
at the .05 level of confidence. ‘I‘hﬁt. number of students passing under the
TEC also received sigr;ific_antly higher grade levels than previous students
at the .Olllrlevell of confidence with a chi squar.e test, The second ultimate
goal sought to have at least 70 percent of the NSC students who used the TEC
to express an interest in continued studies in engineering technology and
thus reflect a desire to achieve the affective objectives of the TEC, With
68 percent of the studenis expressing such an interest, we nearly achieved
' the'second.goal. |

Results of this project indicate that systematically dgvel__oped, self-_paced ‘
instructi.on &oes provide effective ﬁeans for orienting non-traditional
~ college students and secondary students, especially minorities, to both
engineering technology and basic materials science. In additioﬁ » students
lising. a system such as this TEC gain greater chances for mastering subject - '
matter than with conventional modes-of instruction, A greater commitment
should come from those Whv‘o céntf'ol funds in e&uc.:é.tio.n,. indusfry, a_.rid' |
~ government f{p_adequately fund teams of educational f_echnology specialists
to devéi:o}_;a systematic iﬁsh;uct.ion. This TEC should receive such éupport

in order to produce the desired finished products.
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Chapter 1
INTRODUCTION

This developmeptél applied research project embraces several areas
of concern including the need for engineering technicians and technologists
with awareness of engineering materials; an improvement in career
educé.‘cion that refiects the career opportunities available in engineering
technology, especially for minorities and fem'al_es; and a system of instruction
that increases the probability of success for non-traditional students in

basic materials science.
THE BACKGROUND OF THE STUDY

Rapid advances in space-age technology have made many new
materials and processes available to man, but utilizati;:;n of new
technology lags far behind its development. This lag results from (1) a
generzl lack of knowledge among people prepared to employ the technology
and (2) a shortage of qua}iﬁe& engineering technicians and technologists
for government and industry. For example, colleges offering programs
in enginéering téchnollogjr have numeroué rec?uitéfs from federal
government agencies (e.g., local National Aeronautics and Space Adminis-
tration [NASA] ) and industry (e.g., electric povs.re:r companies) in search of
graduating mechanical engineering technicians; but few students enter

1



2
such programs and even fewer graduate. Also the necessary encouragement
for minorities and females to enter technical careers remains lacking even
though these are well-paying jobs with considerable responsibility.
| Produciﬁg more engineering technicians with basic knowledge of
space-age materials and processes necessarily involves secondary schools.
Many industrial education and vocational/technical programs in secondary
schools, however, offer their students a limited program which emphasizes
narrow skill development on limited materials and processes. Students

completing such secondary school programs often fit the following descriptions:

1.  involving significant numbers of minority races;

2, lacking sound academic skills in science, mathematics, and
communications;

3. lacking basic knowledge of a wide range of materials and

processes available to industry, particularly those generated
by space-age technology; :

- 4. lacking knowledge of opportunities, challenges, and
satisfaction found in careers as engineering technicians.

When these young people enter technical coﬂegeé or apprenticeship
programs, such undesirable traits frequently result in high atirition. Few
minority workers enter engineering because of this dilemma. Consequently,
?osﬁ—secondary, as well as secondary, schools need readily usable informa-
tion on space-age materials and processes which they dén inexpensively
integréte into their curricula. AThese m‘aterials should serve as orientaﬁoﬁ
for students by offering information about engineering technology and

should motivate them to pursue such careers.



Current learning theory and curriculum theory support the use of
self-pacing instruction which provides for individual differences regarding
the non-traditional student's background, learning mode, and learning
speed. The systematic approach to instruction presents the student a
rationale for learning, pre.:-’assessment, learning alternatives, post-assessment,
and opportunity for recycling to achieve learning mastery.

As a result of the preceding concerns and motivated by studies in Nova
University's doctoral program, I sought assistance from the educational
programs officer at NASA's Langley Research Center to develop strategies to
address these concerns. The subsequent meetings resulted in submission of a
proposal to NASA for a grant to develop an instructional component on basic
materiais science. NASA awarded a grant of $81, 413,00 to Norfolk State
College for an eighteen-month time frame with me serving as project
director and senior researcher. Thomas Kilduff was chosen as co—reseﬁrcher
in the grant. With cost sharing included, the total cost of this developmental

research project was slightly more than $90,000.00.
THE STATEMENT OF THE PROBLEM

This project involved developing, implementing, and evaluating an
instructional corhponent on basic materials science designed to serve as
orientation to engineering technology and meet the needs of the non-traditional

learner with regard to tl:le learning mode, i.e., self-pacing and individualized.



The instructional component consists of modules devoted to majdr
topics in basic materials science with the modules broken into instructional
packages. The packages consist of both printed booklets and/or slides and
audio tapes. College freshmen who enroll in materials and processes of
manufacturing as part of their éngineer‘ing technology curriculum are the
primary audience. High school students ir; industrial education and science
who can utilize the instructional packages to .supplement.: theif regular
curriculum serve as the secondary aqdience.

This developmental research project provides a means of instruction
based on current learning theory and educational teéhnology fo non-traditional -
students. While providing the researchers with valuable experience in
developiﬁg systémaﬁc, individuaiized inétructicn, tlns ﬁroj ect prbducéd
instructional material that will orient students, especially minorities and
females, to engineering tech‘nology“in géneral and 1:.0 material.s science in
particular. The chosen mode of instruction aims to mo’;ivate students to
pursue careers in engineering technology as they learn materials science. -

MAJOR ISSUES
|

The research proj:af.:t (€Y idenﬁfied techniég_l information and resources
available at the technician's 1e{ei én Easic rﬁatériéis sciéncé; .(2) deter‘mined
the most efficient, effective means to deliver basic information on materials
sci‘ence for college technical students and otheré needing faﬁliliarity, with
basic materials science; and (3) researched and dé'vel.oped'individua'lized

instructional components, employiﬁg the results from (1) and (2), for



5
impl_ementa.tioﬁ by colleges and others who neea effective mecﬁa for orieﬁting
personnel to basic materials science, Norfolk State College students i_n the
first course of materials and processes of industry used the materials from
this developmental prbject. Basing the project on the theory of 's'ystématié
instruction, the ultimate goals for improving instructi&n in the class follow:
(1) at least 70 percent of fhe students using the materials ﬁiil éxpreés .interest
for continued stuc’[ies ir; engineering technology and thus reflect a desire to
achieve the affecﬁve objectives of the instructional components; and (2) at
least 80 percent of the students using the self~pacing technical education -
modules on basic materials science will achieve 80 percent of the cognitive
obj ectives of the instructional component,

By supplying the instructional packages to area secqndary schools for
supi:lements to ’cheﬁ resource materials, .w.e shoﬁld foster .inte.res.t.a;m_oné
students, counselors, and teaghgrs in mechanical .eng_ineering.te_:chnology.
The individualized instruction design should provide _useful information to

the secondary teachers in their efforts to supplement their resources.



Chapter 2
SURVEY OF THE LITERATURE

As the ﬁﬁted States reached its Bicentennial, iﬁén‘y of I.aer' forefathers!'
elements of design achie.ved fruition. Two such e_lexﬁents .inch:ltde a strong
and prosperous nation and a naﬁoﬁ.wit11 a Weli—educated populace.
~ Imbalances exist, however, in education and environment due to poorly

planned technological growth and questionable educational priorvities.
A NEED FOR TECHNICIANS AND TECHNOLOGISTS

Though increased ‘tec.hnqldgical defrélopfnents have eased the work
day, increased leisure time, reduced certain ailments, and produced many
other improvements in our living conditions, haphazard management of
‘technology produced a threat of "future shock." Toffler (1970) warned of
a "technological engine" moving at an increasingly accelerated thrust and
fééding on the fuél of knowle'dge which becomes’ ri‘chéf and richer fuél ééch
day. Fear of the consequenceé of ".future shock" and threats to our
delicate balaﬁ;::é of ﬁature have contributéd to ;:onsi;iéfaﬁlé anti-téchnalagy
sentiment. The backlash caused by thes.e _Ifee_.}ings plus _knquled_g.e of
surpluses in some fields of engineering in the late éixﬁes and early seventies
have 'res-ti_lt'ed' in an imbalanced supply of graduates for technical vacancies,
Using several étudie's. Bulkelefr (1974: 140-45) pr_ojebts a shortage of

6



168,000 qualified technical people (engineers and t.e.chnologists) between
1974 and 1982, Even ih the early Vseventies when a surplus of engineers existed
in certain fields, 'shortages of technicians (associate dégfee) and technologists
(bachelor's degree) existed in most fields of engineering (Engineering
Manpower Commission of Engineers Joint Council, 1971). Bureau of Labor
Statistics repbrté -pré.dict'a need for an iﬁcrease of 57.4 percent or 1,200,000
technicians in the 1966-1980 period in order to meet the growing needs of
industry, government, and other employers to design, constrﬁ_cf. install,
operate, supervise, produce, sell, and mainfain our in_creas..in.glyvsopl’xisticéted
technological equipment (American Society for Engineering Education, 1972)
In the past seven years of teaching in mechanical engineering technology at
the two-year and four-year levels, the number of job opportunities available
to graduates in the programs in which I taught have far exceeded the ﬁumber
of graduates. Technology will obviously need an ample pool of qualified
technical people to help solve energy, resource, pdllufion, and environmental
problems.

Most of the engineering technicians and technologists, especially in
mechanical engineering, need an understanding of the nature and properties
of éngv;meeriné mva'terials . Many engineering techﬁology éurric'u’la include .
one or two courses in industrial materials and processes. We have seen a
recent surge .in the .c.i'evelopx.ne‘:ht of rﬁaterials cc;lii-ses for nc.sn—techniz.:'.al'
.students. such as the one developedat the University of Wiscoﬁs_in_ at

Madison which has the following goals:



(1) to break down fear and alienation of these students

to science and technology; (2) to educate students, giving

them some "real" feeling for materials and not some facts to

be memorized and returned at test time; (3) to make them

wise and less gullible consumers; (4) to make them aware of

the ecological and societal ramifications of materials; (5) to

give them the ability fo converse with technical people; and

(6) to help them integrate "science" into their lives

(Hirschhorn and Maxwell, 1974),

Materials science is an intriguing subjec* for freshmen students because it
brings them into contact with both common materials and exotic materials
-affecting their everyday lives. Demonstration of basic phenomena sharpens
‘the student's interest toward studying techhology (Pond, 1975).

While interest in materials science at the engineering level receives
considerable study including numerous papers presented at technical
conferences and even the formation of a group to deﬁrelop modules on
materials science (The Pennsylvania State University Materials Research
Laboratory, 1975) much in the same vein as this project, the technoldgy
level of education apparently lacks such efforts. Even with an increase

in the number of textbooks available on materials and processes, a thorough

search of Research in Education, Dissertation Abstracts, and journals has

failed to reveal any significant efforts to teach materials science in
‘eng'inee.ring technblo'gy curx;icula with innovative techniqﬁés or to'mgét' {hé |
needs of non-tra_ditipr;al_ students. Seqcndary schaol industrial arts projects
sﬁch as the industrial A.rts Curricuiﬁm Proj.ect. at .Ohio .Sta.te' Universif;'y,
provide .use_fu_l. teaching strategies on manufacturing processes, but_ nqt on

basic materials science.



CAREER EDUCATION IN MECHANICAL ENGINEERING TECHNOLOGY

It is a paradox that, even with sparse job opportunities for graduates
of liberal arts, social sciences, -and educaﬁon 'curriéula, enrollments in
_those curric_ular still increase. | For example, Norfolk State College, a
predominantly black institution, continues to see enrollments increase in
liberal arts, social sciences, and education--yet enrollments in technology
curricula remain small. In 1974, one firm that builds electric power plants
hé.d 2,000 openings for mechanical design techhici_ans and showed special
interest 3‘._n minority and female graduates. With women constituting 51
percent of the U. S. population in 1970, the engineering field. had only 1,62
percent women; blacks accounted for just 1.2 percent of the engineering
force (Alden, 1974:498-501).

Why do these imbalances exist? Why do not more students (minorities,
females, and others) enter technical careers that offer good financial rewards,
social estééin, and job satisfaction? We hear numerous answers--much
conjecture~-to these questions. The Engineers Council for Professional
]jevelopment‘s. Guidance Commitfee Task Force conducted a natioﬁai survey
‘to determine reasons wh.y engineering students _sele.t_:t_ed thei;' field |
of study. - The students revealed that advice from counselors, vocational
interest _t'est.s, and talks with teachérs had no significant influence on their
choosing engineering as a career., The students felt guidance efforts
.sh'ould._'.pdrtray: a more 'a_ffi.rmaﬁve aﬁd atfré.ctive piétﬁré of .e#gineefing

(C_}reenfie_ld, 1974:510-22). A Ca]j_fprnia. Polytechnic Institute survey qf
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counselors revealed a stereotype view of engineering studenfs y including
such traits as less socially adroit, more conéervative thaﬁ liberal, and
- not as capable of handling emotions as their counterparts in other majors
(Corey and McKinley, 1974).

‘While studies reveal inadequate career guidance available to-
engineering students, my experience as a technical educator hé.s revealed a
1ack of 'knbwledge amoﬁg counselors and} high schoél teachers of. career
~ preparation and careers of engineering techr;icians/_technologists. Through :
participation in career days, recruitment trips,r» and other interaction with
secondary school personnel in the Tidewater Virginia area, I have
learned that these people not only lack knowledge but also have little
interest in increasing their imderstanding of these careers.

Efforts to empha,s"ize'icafeer éduéa’cion'in our public schools may
be part _of :the solution to improving» understanding of technical careers. A
Nova practicum concerned.with career education provided mé éozﬁe baclcground
for this project (J. Jacobs, 1975). Studies reveal the need of career informa-
tion when dé.ta indicates parental influence as important in the student's
'cax'-.é.ez.- choice,”but that.underpriﬁleg.ed studént‘s -do not .b'ene'fit from
sound rparental guidance. Community college enrollments shbw students in
college parallel prograzﬁé come from highef, soéiééééﬁomié bé.ckgi"ou'nds.
than tho_se_ in techpical‘programsl even with the same tuition fqr all programs
(Medsker and 'Tillery,f 1971: 45-46). Yet at Norfolk State | College with - ..
' ‘many underprivileged students, large enrollments exist in social sciences,

humanities, and education as compared to technical curricula.



11
The reason for such curricula choices may result partly from blé.cks friewing
associate 'vocaﬁonal/teohnical programs as menial jobs that will send them
"hack to the cotton fields" (Gleazer, 1972:104-07). Poor career orientation
creates such enroﬁment iz-endo. | A study of 51,000 Indiana high schoo_l'.-
soniors revealed considerable confusion among high school students
about differences between engineers and fechnic_i_ans a:od the type of
preparation required for these fields. The data reveal the malleability io
their career choices of students entering college and those in their first -
year, with many changing‘majors quite readily (Planning Commission for
Expanding Minority Opportunities in Engineering, 1974: 63-68),

I_n_ my teaching, I found similar conditions, Students entering my
technology curricula display confusion about oareers and_ooreer orépora—' '
tlon for engineering technology, engineering, vocational oduca_.ﬁon, and
industrial arts education. No clear answers _reveol why mi'noriﬁes.-a-r.i.d.
females do not choose technical careers.

The Mational Science Foundation has sponsored twenty-two p'rojects
aimed o.t ...cle:tero'lining what factors lead low frroptjx"ﬁons of women to.
.soien_c_e-related. careers. Qno researching team reported d_ifficplties 1n _
_obtoining information from teochers and oarents (Work and Sloan. 1975) .
Jointly supported efforts by industry,-.govermnent, _professhnal lsocie.tie_s,._ -

and the educational community aim at increasing career awareness in

o engmeermg and engmeermg technology, espec1a11y for minorities and

females. This pro;ject u’cihzed ma‘temals developed and data coﬂected

,from these efforts.
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INCREASING THE PROBABILITY OF SUCCESS FOR
STUDENTS IN ENGINEERING TECHNOLOGY
Three years of teaching mechanical technology at a predominantly
white community college and four years at a predominanily black senior
coile’ge have caused me considerable frustration over the low rate of success
attained by minority students in my curriculum. The typical student who
enters the program reﬂects academic deficiencies that require from a y.ear to
a year and one-half of developmental English plus one to two courses in
developmental math. Lacking clear goals anci high motivation, few .complete
degree requirements. When the students drop out of coliege before
" graduation from either the associate's or bachelor's program, they often enter
jobs r_e_léfed fo their studiés such as ';lo_w level drafting or semi-skilled c';rafts.
' So in effect, th_ey' have attained gainful employrﬁent which is somé fneasure of
success. Many, however, fail to reach a stage where they can develop their
potentials to the fullest, i.e., they have not become degreed engineering
technicians with the broad-based education and credentials required for
‘better career options. Instead they settle into jobs that lack flexibility and
nﬁaké them vulnerable to job obsolescence or limited advancement. Winé.t '
Ca_zuSes these conditions? What will increase these studc_anté' chances of
f..'success‘? - -
o *T_he minor_-_ity; s_tu_d_ent who_ comes from a family of n_on.—professicnals and .
has not had the oppbrtunity to enjoy properly American affluence posseéses
little motivation for education because he cannot relate education to any

personal advantagde (McCrary, 1974). The disadvantages to these youth
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result from lack of educational tradition in their culture, inadequate
1aﬁguage and reading skills, poor motivation (they have few, if any, success
models {o emulate), poor self-esteem (resulis of twelve or more years in
indifferent or hostile public schools), antagonism toward school and authority,
pbor hezlth frrom inadequate diets, and life in unstable homes (Lockette and
Davenport, 1971). Many of the Norfolk State College technology students
meet tﬁese conditions, F91; these youth to respond io the educational
program, they need fo perceive commitment to giving them a fair_ chance
(Feck, 1971).

Advandes in learning theory and educational te-chnolog_y offer sc;m_e_
assistance in meeting students! individual needs: ". . . most studeﬁts
tperhaps more than 90 percent) can master what we have fo teach them, and
it is the task of instruction to find the means which will enable them to master
the subject un&er cons';idéé'ation“ .(.Blbor.n-, Héstings, and Ma.ﬁaus, 1971: 43).
Bloom's theory of mastery has guided educators to seek instrucﬁonal .
methods to allow students to obtain subject masfery rather than using education
as the caliper for positioning students on the normal curve: Because of the
heterogeneous mix with regard to academic background I have experienc.:e.d
‘with fres}.x.m'e'n eng!inEermg fecﬁnology S%ﬁdenté; individualized i’nstrﬁi:tion is

imperative to insure students' mastery of appropriate competencies.

Systems Approach and Individualized Imstruction
Ralph Tyler hegarl developing the systsmatic approach to instruction

arobund 1935, The Armed Forces utilized his principles prior td
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recent acceptance by the gfeneral education community. The systems approach
developed from the engineering systems approach developed by engineers,
psychologists, and systems and procedures analysts. The concept provides
means to analyze instructional problems and to formulate logical' procednres
for solving problems. Tyler proposed the following major components
for a sy.éteins approach: (1) statement of objectives in pe.rformance.
terms; (2) standards to judge objectives; (3) necessary activities to
achieve objectives; and (4) final evaluation and revision procedures
(Roueche and Pittman, 1972: 47).

Since Tyler's gruﬁndwork, numerous medels developed for the systems
| aiapréa‘ch to instruction, all of Which'einbra}ce Tyle.r'.s four basic components.
Kemp (1971); Popham and Baker (1970, 1973); Mager (1962, 1968, 19;?0, 1972, 7
1973); Mager and Beach (1967); Bloom, Hastings, and Madaus .(.19.71).; Bﬁ:bm, .'
Eng_lehart, Furst, Hill. and Krathwohl (1956); Krathwohl.,.quom, and Masia
(1964); Roueche and Herrscher (1973); Grayson and Biedenback (1974); and

‘articles in "Special Effective Teaching Issue" of Engineering Education (1974)

serve as theoretical base for systematic development of the instructional
'cc.:n_rnpone.nt. on hasic .materia,ls écienée in this projeéf ..
. Herrscher's operéﬁonal i_nstrucﬁongl_ system modellsynthesizes the
.worl;:s of. Ra'.l.ph.’.r.yler, W James Popl'.mm., Bela EI;n.éthy, a..nc.i ..J erro.ld.'Ke.'mp.
(Herrscher, 1971: .4:'—27)-%_ Kllduﬂ' a_;nd I selected Her_r-scher’s que_l {shown m
Figure 1, page 15) for ﬁse 111 developing the instructional component in this
Prdjeét; This model aims at providing for _'iﬁdi'i.nf..duai" differences among students

while seeking to develop instruction based on criterion-referenced evaluation.
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These factors make the model compatible with Kilduff's and my goals for this

project.

Learning

_ \Rationale

Learner ' - Learner
In , , Out

FIGURE 1 An Instructional System
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Herrscher's model of an instructional system, current learning theory,
. : 5

and educational technology stress use of instructional modules and learning

activity packages which provide the following:

1, pre-assessment of student;

2, prescribed learning activities based on pre-assessment;

3. learning activities with intermediate feedback and ample
mediation;

4, post-assessment with provisions for recycling through learning

activities until the student achieves subject mastery (Herrscher,
1971; Postlethwait and Russell, 1973: 24-32; Kapfer, 1973: 33-37;
Flammer and Mechan, 1974: 432-35; McCollum; 1974: 427-29;
Ruskin, 1974; Sherman, 1974; Kozak, 1974).
The learning actiﬁty packages incorporate programmed instruction which
provides immediate feedback to the student, During a 1960~64 period, 112
studies matched programmed instruction against conventional instruction.
The results showed 41 percent of the programmed superior, 49 percent with
no difference, and 10 percent inferior (Lange, 1972:59). A 1965 summary
of studies ihcluded several medical school studies and z law school study;
the results in these technical programs reveal programmed instructiqn as
mc;re effective os:'.at least as effective aé the convenﬁonal. épproaéh
(Abrahamson, 1965; 341—42) . Beyond the mid-sixties, few studies compared
the effectiveness of programmed instruction over conventional instruction;
'féther; théj:emphasized'résearch to improve programmed instruction

(Lange, 1972:59). McKeachie (1974: 7-11), however, discounts much of
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Thorndike's and Skinner's Laws of Learning used o develop programmed
instruction. McKeachie feels we can use much of the core of the iaws if we
use caution against over%impliﬁcai:ion.

A summary of current research findings on the Personalized System of
Instruction (PSI) presents a good picture of the success of individualized
instruction by the Kellar method (Ruskin, 1974: 23~35). The report cautions
of the many problems of controlling variables in a typical classroom setting
and the c’tm_sequént criticism of this type of reseé.rch. In studies done in the
late sixties and early sevenﬁes, PSI compare& equally or beiter to tradiﬁonal
learning methods. For example, one study that typifies the PS.I research
revealed at p> ,0001 a significantly better performance of PSI students on
multiple-choice exams as compared to conventionally taught students
(McMicheal and Corey, 1969 79483) . PSI also vielded significanﬂy. better
results for students involved in both essay, recall, and application type
evaluation; and even with uée of short quizzes throughout PSI ;:uurs'es,
students of this experimental approach equalled the pverformance of control
students on complex final exams, Also, PSI held up to tests of retention
rates, Use of PSI across many disciplines helps substantiate the claims of
its superiority by the proponents of this form of individualized instruction.
Ruskin (1974: .23—32) advises caution, though, in accepting the results since
factors vary"from conventioﬁal t-ea;::hing tec:imiqués, E.E.> higher with&fawal
rates which could eliminate poorer students.,

Research in both individualized instruction and programmed

instruction provides the developer of such materials with ample resources
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on methodology. A search of dissertation abstracts, however, failed to
turn . p more than a few dissertations ﬁhich utilized a developﬁienta.l
approach to research in individualized instruction, Sindies by Wyatt (1974)
and Wasserman (1974) offer valuable insight into some of the problems.
I located only three dissertations which focused on developing self-instructional
materials in technology--fortunately, one in materials science (Bockerman, |

1971; Abitia, 1971; Holland, 1973).



Chapter 3
PROCEDURES AND TREATMENT OF DATA

Using Herrscher's basic i'riodel, I designed a Flow Chart for Researching,
Developing, Implementing, and Evaluating a Self-Instructional Component on
Basic. Materials Science as seen in Figure 2, pé.ge 20, Norfolk State Coiiege,
Thomas Nelsén Community _Coilege., and secondary schpols in the Tidewater
Virginia area sgr%.red as the target .population for instructidﬁal niaterials
developed through this project. Procedures broken into Phases I, II, and"

IIl involved developing and validating objectives; structuring the technical
education co_mponent; 'dévéloping, implementing; and 6va1uaﬁn§ a prototype -
Self-pacing Technical Education Module (STEM) which would serve as

mo_dgl for developing, im\ple_ment_ing, and evaluating subsequent elements

of the Technical Education Component (TEC).
DEVELOPING AND VALIDATING COMPONENT OBJECTIVES

' Systematic instruction builds on instructional objectives. Popham
.reminds us of the subj ective nature of final dgcisions on obj ectives because
Bf'mahy; pbssibilitiés; thé wiée eciﬁ?:'a’cor, thc.mgh,-‘l.oo}.cs at.the three n.lé.j_oi-
sources _5peci_ﬁedr by Ralph Tﬁle‘r: _ _the le_z_a_.r_ngr_, the _society, énd the
subject mé,ttér (Pof!ham‘ .and Baker, 1970). To deterrm;ne thé dicta.tes. of
_society (in our case, the industrial setfing in which our students gain

19
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employment), Fryklund and others emphasize utilizing occupational

analysis and lay advisory commitiees (Fryklund, 1970; Criteria for Technical

Education: A Suggested Guide, 1968; Barlow, 1965; Burt, 1967; Carlson,

1967; Johnson and Grafskg.r » 1973), Baldwin (1971:857-69) and otﬁers
siress need for including objectives in all domains of the educational
taxonomy.

We developed and validated thornughly objectives for this instructional
component on basic materials science for this project. The prdcedures
included study of textbooks and curricula guides, search of Research in
Education, update of previous occupational analysis (J. Jacobs, 1959) R
examination of other occupational analysis (State of Washington Coordinating
Cquncil for Occupational Education, l970) , and an extensive Nova practicum
in which i:wélvé researclﬁng engineers and technicians from the National
Aeronautics and Space Administration's Langley Research Center assisted
in teaching, developing, and validating objectives, and in developing
eva_luation.instfuments for the course in industrial materials and processes

of industry at Norfolk State College (J. Jacobs, 1974a).
STRUCTURING THE LI;ECHNICAL EDUCATION gOhﬂPONENT (TEC)

Following thase instructional models mentioned in C'Hapt'er 1, we devé‘[oped
an organizaﬁpp_'for our study of basic materials science, As seen in Figure 3,
Organization of TEC (page 22), the entive topic comprises a component--

‘& course or major unit of study which fits into a total curriculum or program

of study so that a curriculum consists of many components. Units labeled



FIGURE 3
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as Self-pacing iechnical Education Modules (STEM's) form this Technical
Education Component (TEC) on basic.industrial materials technology., The
STEM design provides a means of ;i_eveloping modules which stand alone or
function together as a component. So, while modules developed in the project
primarily form a component for engineering technology curricula at the college
level, their self—cdntai.nment permits individual use in college or high school
courses, Foi:' example, the STEM .on plastics meets needs in Ia high school
chemistry class for _sj:ﬁdying palymers, The _S.'I‘E_:M_'s consist of discrete
learning pacﬁages labeled §elff§acing Technical Education Packages (STEP's)
with pre- and post-assessments to provide students with frequent feedback.
Thus the student recognizes topic mastery before proceeding to the next
topic (STEPj . Appéndix A, pages T4-82, contains representative STEP pages.
As Figure 3 (page 22) shows, each STEP consists of (1) a ratio;xale to explai_n
the importance of the STEP's fo the student and to motivate the student to

_ étudy ity (2) objectives which pre_ci_sely delineate to student in behavioral
terms the material to mastler for evaluation in posi-assessment; (3) learning
alternatives which allow s‘tudents several ways to master the objectives;:
and (4) learning activities to meet objectives, consisting of programmed
instruction, self—'tésts, lab'ora”tor.y. acﬁviﬁes, classroom activities, iibrary

e:;erqises, references for furthsr study, and othér_ mulﬁ—media resources.
As with the STEM, the STEP design makes it part of the entive TEC on
materials science or provides for its independent placement into other

courses of study.
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PROTOTYPE STEM

With completion of Phase I, Kilduif and I decided to.develop our
prototype module on plastics. Several factors made plastics appropriate for
our trial module: | (L _éur dissaﬁsfact.{on vﬁth the .treat:r.nent of plasfics in most
materials and processes te#ts; (2) increased industrial applications of
this engineering material; (3) the challenge of turning this complex 1:opié into
learnable concepts for 6ﬁr target audiences; (4) feeling that students would
bé enthused with the fle'xibﬂity of plasti(.:s' as ﬁn-enginéering material; and

(8) because plastics reflect space-age advances in materials science,

Developing STEM

Kilduff and I shafedresponsi.b.ﬂ.ity for devél&pixig all materials by
selectmg segments for whlch each of us assumed the prlmaxv respons:.blhty.
On the prototype, Kilduff took responmbﬂity for S'I‘EP P-1, "Polymerlzahon
- of Plastics; " T developed the STEP _P_-‘.Z, _“Propegtgea of Plastics," and the
slide/tape present'artion,- "Plastics - A Space Age Material." We each checked
" with NASA's La-ngley Research Center technicians and ‘e'ngineers to aid in
validatingr material; Kilduff read ﬂaoroughly and assessed all material I
c‘-ieveloped;v émd, 'likewise, I‘ass‘e“as‘sed h_i-s rhateﬁal. We employed Liﬁda Uri'séthv
to pxoofread.materia_ls already scruﬁnized by _K:ilduff and me. Finally,

- Carolyn Weaver proofed material as she.typed.:i..t. .Tesﬁng fhe &raft capyl
involved several students who 'supplie& us with feedback on read_abil_ify and
practicality of learning activities. The feedback helped us revise fhe

~ printer's copy.
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A decision to use twd-int;h by two?inch slides and cassett.e audio
tape for a short .introductién to plastics resulted from an inva.stigation.that
concluded: |
1. .produc;ﬁnn of two-inch by two-inch slides appeared the most
practical solution since we lacked audio-visual support other
than drafting materials, a typewriter, camera, and photocopy
stand; |
2. two-inqh by two-inch slides permitted economical production and
allowed copying of éhomgraphs, ;harts, listings, and otﬁér
slides, in addition to slides of people in their natural -setﬁngs; :
3. ‘even with greater expense of duplicating two-inch by two~inch
slid.es » production of filmstrip.required special equipment
una.yéilable to us;
4, aud'ié ‘ta.p.e production waé iconvenieﬁt and cost ﬁttlé;
5. an informal surv_e_y-of_ local high s:_:hools, advice from the
educational officer with the National Aeronautics ana Space
- Administration (NASA), and past experience revealed
av.ailabilify of slide projectors and audio tape players to
pfa:;ﬁ:aily everyone m tﬁé target grdqp; | |
6. audibie advance sig;als on the tape allowed use of
.s]_.ide/t:;tpe Wit.hout‘special sync_i:lroni.zing appaftﬁs.
‘We put coﬁsiderab].e effort into collecting as many resources a_é possible
fo make such material available to field sites involved in the project. The

sheets, "Elements of ﬂ1e STEM on Plastics" and "Instructor's Resourceson -
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Plastics, " in Appendix A, pages 83-84, lists all of the materials collected for the
STEM. Most of the material came free or inexpensively from industry,

professional societies, and governmental agencies,

Implementing and Evaluating STEM

.Prior to placing the module into the field test sites, we condﬁcted a
workshoé which involved specialists from the Industrial Arts Section of the
Virginia State Department of Education, industrial arts sﬁpervisors and
teﬁchers from the sik school districts sui-rounding 'Langley Research Center,
engineers and educational officers from Langley Research Center, and
faculty From Norfolk St#te Collége and Thomas Nelson Community College
(see Appendix A, pages 85-87, for the agenda and information sheets). The
workshop 's_erwl.re.d to. familiarize the educators with the objecfives of this
research project and to instruct them on the use of tﬁe module .a.n plastics.
Secondary schools in Chesapeake, Hampton, Newport News, Norfolk,
Portsmouth, and Virginiz Beach were used as field sites in addition to
Norfolk State Collége 'anci Thbnias.Ne;son Community College. |

‘The implementation_;and_validation of the prototype had abjectives. fo
determine the effecﬁveness of '%:he instructional éystem and provide input for
o develdpfn'ent of further mé&ules . Atthe _sécondary level, the module .gerved
as a supplementary resource that provided each teaché‘r liberty to use thé
. material as ’ché p'er'.sdﬁ" "so'd«.esir.ed-. -E';falu'a_sﬁan'data se¥'véd as feedba;'ck"'for. 2
improving the entire TEC in developing 1':hé remaining STEM's. Our approach
to eiraiuafioﬁ féll%nwed Sorensqﬁ'é '(.19'?1:. i*Sj thesié \.:vhich. built on L'ee. J .

Cronbach's view:
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» » « it would be more useful to direct the evaluation effort

to improving a particular instructional program—--this is, to take

the "formative evaluation" tack~~vather than merely to answer

the guestion whether or not the program produced statistically

significant differences in amounts of learning between students

taught by that particular method and those who received either

no teaching or were taught by another method,
The evaluation (sée Figure 2, pége 20) supplied information from teachers
and students to aid in our developing the remaining STEM's, The
developmental nature of the project required our evaluative efforts to
conéentrate on each comment from students and teachers rather than trying
to generalize on the most .frequent responses.

Teachers expressed enthusiasm about the module, They said studenis
enjoyed the slide/sound pn;'esentation and the activities with the plaéfiés, ”
but they were not as enthusiastic about the reading matter; only a minority
of thosé students who worked with the module completed fhe reading and took
the post-tests, Of 137 students involved in the project, 31 took post-tests
covering the writien material; of those 31, 23 mastered the objectives of the
- module by scoririg at least 80 percent oﬁ the pést*tésté.. Students who di.d
not achieve mastery the first time through could choose to c;_mtinue rgcycling _
t:h:roug.l'.i the self-pacing rﬁaterial until theﬁr lmastered the obj ectives.. Teachers
who used tﬁe modul_es__ during the four-vmo_nth testing per_io_d (see evaluation
form in Appendix A, éage 88) rated the materials either four or fiveon a
- five~point rating sc"ale;- ﬁve was excellent. Al f_:ea.'chers rated the module as a
Valuabrle supplementérf aid to instl;uction . Specific cémme.nts from teachers

on 'sti:on_g Puinté and wealk pﬁinfs of the module a'p.pear in Table I, ﬁagés 28-29,



TABLE 1

SECONDARY SCHOOL TEACHERS' COMMENTS ON PLASTICS MODULE

28

What strong peints do you find with this STEP#?

- reading level appropriate even though level of vucabulary was
. necessarily high {o meet the terms required
- structure with program maintains interest
- definitely interested in continued use
- slide presentation very useful in creating interest as ewdent by
number of volunteers
- simplicity of presentation

~ allows students to pursue their interest beyond the present curriculum

- motivated students to pursue careers in technology, e. g.,

application to NASA apprentice program

- individualization & technical assistance :

- use of chemical & materials science which is beyond the normal
material "fluff & buff”

- glossary

- developing specific terminology

- slide/fape strong

~ taught new information on plastics & how to work into class

- brings the study of plastics info perspective

What weak peints do you find with this STEP?

- some humor (especially slide presentation)

.- some reading too difficult for slower students; however, they can

move at their own pace & get general picture
- more experiments should be included
— quite technical but depends on student's level

- needs more "hands-on" activities

- level more at upper level of reading for the students in this LA,
program, e. g., terms such as polymer scare students

+ How did you use this STEP with your classes?

- with one entife class & students in other classes; used a2 wide
range of students (slow, average, & fast)

.- used volunteers from classes

- partially utilized and adapted to my own objectlves
- individually on a volunteer basis .

.- went to class on voluntary basis with grade incentive; lack of

classroom made dlSC‘U.SSIOIl difficult

* '§_g1f—pacing zgchnical Education Package



TABLE I (cont'd)
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4'

How would you generalize student reaction to this STEP?

- good; did not pressure the students to use it, and about 75% of those
who had the material read it

- very favorable to very low interest; some students interested only
in experiments

~ good

- those who could read enjoyed it; however, those who were better
students (motivated) are into many conflicting activities

-~ better students were very enthusiastic especially with practical
applications

- slower students had problems with terms

What improvements would you suggest for this STEP?

- professional narration needed on tape (not that bad; on scale of 10,
would give T)

- would like materials & equipment to work with

- more experiments

- more labs & activities

- conservation & pollution section should be added

- lower reading level

- more activities & experiments at beginning

simplify

orient slide/tape program with short text after visual presentation,
such as five questions after film

I

Other comments that will aid in the evaluation & improvement of this
STEP:

- a class devoted exclusively to materials would allow better evaluation
~ it has potential and the general structure is very suitable to I.A. '
- range of slides to show all the ways plastics were used created
interest (e. g., comments -~ - "gee, 1 didn't know there was that
much plastlc in a car")



Evaluation of the module by those secondary school students proved
quite favorable, witﬁ a clear majority rating the material average or above
in (1) its ability to teach, (2) clarification of objectives, {3) developing
technical vocabulary, (4) usefulness of exercises, (5) comparison to
textbooks, and (6) overall rating. (See Table I, page 31, for summary
of student commenis.)

At Ncrfélk State College, a predominantly black institution, testing
the prototype module on plastics involved a freshman class o£ industrial
materials, The class of 35 studen’cé received the module in the middle of
the course. It served as individualized instruction oﬁ the topic of plastics
which I normally teach in a traditional mode. Student response (obtained
from Student Evaluation Instrument in Appendixz A, page 89) to the module
was very favorable (see Tables IlIa and Illb, pages 32-33). The histogram
in Table IV (page 34) compares grade distributions for a prior unit test to
two post-tests on the plastics module. The dramatic improvement in grades
for the module tests over the previous unit test probably resulted ﬁqm a
. variety of factors; but ju&giﬁg from student responses, the design of the
module provided students opportunity to move at their own pace With
fréqueﬁt feedback, thus izhpfoiring their chances of rﬁasterin’g .the module's
obj ectives.. Additionally, the students had the op.tion. to recycle through
learning pﬁékages until fhey mastéred a module's objectives; éix studenfs

recycled through the package to attain mastery ofc_x the post-test.
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TABLE 11
SUMMATION OF SECONDARY SCHOOL STUDENTS'
EVALUATION OF PLASTICS MODULE

HOW WOULD YOU RATE THE ABILITY OF THIS STEP TO TEACH YOU?

POCR AVERAGE EXCELLENT
1 2 3 4 5
0% % 47% az% 3%

« WERE THE OBJECTIVES OR REASONS FOR STUDYING THIS STEP CLEAR TO YOU?

UNCLEAR FAIRLY CLEAR VERY CLEAR
1 2 3 4 5
0% 10% 45% 22% 21%

.‘ WERE THE TECHNICAL WORDS WELL EXPLAINED?

POOR AVERAGE EXCELLENT
1 2 3 4 5
0% 14% 40% 29% 15%

' WERE THE EXERCISES USEFUL IN UNDERSTANDING THIS SUBJECT?

POOR AVERAGE EXCELLENT
1 2 3 4 5
1% 8% 40% 29% 19%
. HOW WOULD YOU COMPARE THIS TYPE OF TEACHING MATERIAL TO REGULAR
TEXTBOOKS? - -
WORSE SAME BETTER

1 2 -3 : 4 5

8

c®

12% 17% 19% 42%

CHECK-THE STATEMENT WHICH BEST DESCRIBES THE WAY THE ENTIRE STEP
WAS WRITTEN, '

1% TOO MUCH JARGON 3% POORLY WRITTEN
32% WELL WRITTEN 30% CONCISE & TO THE POINT.
13% CONFUSING 18% OTHER

e ——————
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TABLE ITlIa
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS' RESPONSES
FOR STEP P-1 (POLYMERIZATION OF PLASTICS)

3.

HOW WQULD YOU RATE THE ABILITY OF THIS STEP TO TEACH YOU?

BOOR . AVERAGE : EXCELLENT
1 2 3 4 5 '
0% 3,4% 27.6% 34,5% 34.5%

WERE THE OBJECTIVES OR REASONS FOR STUDYING THIS STEP CLEAR TO YQU?

UNCLEAR FAIRLY CLEAR VERY CLEAR
1 2 3 4 5 '
0% 3.6% 21.4% 39.3% 35.7%

WERE THE TECHNICAL WORDS WELL EXPLAINED?

POOR AVERAGE EXCELLENT
1 2 3 - 4 . : 5
3.4% 3.4% 13.8% 34,5% 44,8%

WERE THE EXERCISES USEFUL IN UNDERSTANDING THIS SUBJECT?

POOR AVERAGE EXCELLENT
1 2 3 4 5
0% 7.15 31.4% 39,35 37,15
. HOW WOULD YOU “OMPARE THIS TYPE OF TEACHING MATERIAL TO REGULAR
TEXTBOOKS?
WORSE SAME BETTER
1 2 3 4 5
0% 3,45 17,2% 24,15 55.25

CHECK THE STATEMENT WHICH BEST DESCRIBES THE WAY THE ENTIRE STEP
WAS WRITTEN,

n‘\

_3.7% TOO MUCH JARGON _3.7% POORLY WRITTEN
40.7% WELL WRITTEN 40,7% CONCISE &.TO THE POIN'I'
3.7% CONFUSING _7.4% OTHER

ol

o\
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TABLE Ilh _
SUMMATICN OF NORFOLK STATE COLLEGE STUDENTS' RESPONSES
FOR STEP P-2Z (PROPERTIES OF PLASTICS)

HOW WOULD YOU RATE THE ABILITY OF THIS STEP TO TEACH YOU?
POOR

AVERAGE  EXCELLENT
1 2 3 4 5
0% 3% 15.2% 6:.6% 18.2%
2. WERE THE OBJECTIVES OR REASONS FOR STUDYING THIS STEP CLEAR TO YOU?
UNCLEAR FAIRLY CLEAR VERY CLEAR
1 2 3 4 -
0% 6.3% 15.6% 40, 6% 37.5%
3. WERE THE TECHNICAL WORDS WELL EXPLAINED?
POOR AVERAGE EXCELLENT
1 2 3 4 5
0% 0% "25.8% 35.5% 38,7%
4, WERE THE EXERCISES USEFUL IN UNDERSTANDING THIS SUBJECT?
POOR AVERAGE EXCELLENT
1 2 3 4 5
0% 5.7% 25.7% 37.1%

31.5%
HOW WOULD YOU COMPARE THIS TYPE OF TEACHING MATERIAL TO REGULAR
TEXTBOOKS?

a8

WORSE

SAME BETTER
1 2 . 3 4 5
3.1% 0% 12,55 28.1%

56.3%
CHECK THE STATEMENT WHICH BES’I‘ DESCRIBES THE WAY THE ENTIRE STEP
WAS WRITTEN,

__0% TOO MUCH JARGON
T37% 1 _37%  WELL WRITTEN
0%« __0% CONFUSING

3% POORLY WRITTEN
“58% CONCISE & TO THE POINT
0% OTHER

o\° a\° oa



STUDENTS

TABLE IV
COMPARISON OF SCORES ON PREVIOUS UNIT TEST
WITH SCORES ON PLASTICS MODULE'S POST-TESTS
FOR STUDENTS AT NORFOLK STATE COLLEGE

20|
18
16
| 42.9%
51.5%
" = 5
12 g B
31.3% E e/
10| g ]
= g 25% 28.6% u
= 24.2% - | 18.6%
| H =
5 g ] 9.4% ]
4 = . -
= 8.6% 17.1% 15.6% g s ]
2 £ a D, H
& ] 3.0%
o5 B , J H &
A B C D F
GRADES
H Previous unit test: N=35
[} STEP P-1 test: N=32
B  STEP P-2 test: N=33
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Conclusions from Prototype Ewvaluation

Field testing the prototype module on plastics supported the design

of this instructional system on basic materials science. The feedback from

field sites indicated the following improvements needed for subsequent

STEM!s:

1.

maintain prototype level of instrucﬁon (even though the reading
level seemed appropriate for most of the students in our college
and secondary school audiences, many concepts required a high
degree of motivation for a secondary school student to pursue

topics only on a special-interest basis--materials technology is

not a part of their regular course of study; therefore, the

STEM's should allow secondary school 'instrucfors to read

the STEP‘S and select those concepts and activities which they
consider appropriate for their classes or indiﬁdua.ls in their
classes);

improve voice for tape narration;

inélude feedback/evaluation mechanisms into sﬁde/ sound

presentation;

 include more hands-on activities;

include short self-tests at appropriate intervals with the

answers at the end of the STEP,

Students and instructors reacted enthusiastically to the nature and design of -

the module.



36

" COMPLETING TEC

With the prototype STEM in the implementation and evaluation phase
(Figure 2, page 20), we started collecting material and désigrﬁng subsequent
STEM's. As feedback came in, we incorporated it into the design when

appropriate.

Developing TEC

Procedure for developing the remaining STEM's followed closely the
deveélopment of the prototype. To insure that we covered properly essential

elements in each STEP, a check Hst with the items shown below served as

guide:
1. objectives (are they balanced, i.e., varioﬁs levels of cognitive
and affective?);
2. ample feedback (questions/ acﬁvify) to cover each objective;
3. self-test questions(s) for each objective;
4, pretest/post-test question(s) for each objective.

The STEM on careers exemplifieé strategies used on the remaining
module plus some special efforts required because of its unique nature.
This STEM required moré attention because it provided the vel'.xicle.to inform
~students, educators and the general public of careers in engin_eering

technology—-and we intend for this STEM to become a prime comrﬁunique
>'_f’or counselors' and teachers' career education efforts in engineering

technology.
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To gather the content for this instructional package on careers in
mechanical engineering technology, we used several approaches: (1)
writien correspondence with industrial, governmental, and professiona_l -
agencies; (2) review of appropriate literature; (3) visitations and phone
conVErSaﬁﬁns With‘enginEerin.g agencies; and (4) use of my past experience
with career education.,

The last approach pfovided some clues as to how to atta?:k a program
for developing career awareness. This experience included a Nova
University practicum published by ERIC (J. Jacobs, 1975), teaching a course
in career education, and recrﬁiﬁng and orientation programs in engineering
technology.

Because of the demand for technicians, indusiry and government try
to develop interest in young people to pursue such careers. With this
knowledge, I wrote to the following organizations requesting brochures,

slides, photos, posters, or other material that they have on technical careers:

General Eleciric Company American Iron and Steel Institute

General Motors Corporation American Society of Metals

Ford Motor Company ~ E. 1. Dupont Company

Kodak Company J. J. Henry Corporation

Reynolds Metal Aluminum Association

United Engineers American Society for Engineering Education

Engineers Council for Professional Development
Tenneco - Newport News Shipbuilding and Drydock Division

Selection of these particular organizations came as a result of their
cooperation in my past endeavors or from listings of their materials in the
literature, The results of the letter proved to be quite successful. After

a second request, booklets from General Electric, General Motors, American
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Society of Metals, and Engineers Council for Professional Development were
sent in sufficient quantity so as to supply the high schools in the local aréa.
The Aluminum Association also sent the filmstrip/ ﬁpe presentation and
brochures in large quantities. Copies of "Employment Cutlook for Technician

Occupatidns, " a reprint from the Occupational Outlook Handbook - 1974-75

edition, were purchased from the U. S, Depariment of Labor in sufficient
quantities to supply local high schools.

The greatest contribution to the slides came from NASA's Langley
Research Center in Hampton, Virginia, with support of the public affairs and
educational programs officer. Through numerous visitations to the research
center, I took pictures of technicians in many settings. The nature of the
center's activities makes it possible to obtain éaenes of many types of work,
while showing m_inorities,_ females, and people of all age groups engaged in
engineering activities. Additionally, they furnished photographs and other
graphical materials suitable for photocopying for slides. Also, the NASA
personnel served o vali_da_te the slide/tape presentation.

Through phone conversations with engineers at Tenneco's-.Newpart
News Shipbuilding and Drydock Corporation, I obtained ttvo-finch by two-i;1ch
slide%. I selected enough slides on the design aspects_of mechanical technology
- to achieve a very effective phase of the presentation. Their professional
graphical displays, far beyond the capabilities of Norfolk State College,

" proved valuable in constructing the instructional package.
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Final Report of Engineering Technology Education Study (American

Society for Engineering Education, 1972), Manpower Research Bulletins

(U, S.; Depariment of Labor, 1966), Career Opportunities: Engineering

Technician (1969), and Encyclopedia of Careers (1972) provided useful

data on the education, training, and careers of engineering technicians.
The data was integrated into the narration for the slide/tape presentation
.ab.d also used in the booklet, STEP C-1 (see Appendik B, pages 91-99, for
figures on the Engineering Team, Mechanical Engineering Technology,
Education as Rel-a;ed to Nature of Work, and Career Léttice) .
With the script for the tape written and the slides selected, we made
an initial recording of the tape. Insertion of question slides to cover key
peints provided student involvement. Answer slides followed the question
slides with discussion of the answers. The answer slides provided instant
| feédback to th;: student to reinforce the previous instruction.
. The first edition of the slide/tape presentation received evaluation
from specialists in educational technology, enémeers, and fwo classes of
students at Norfolk State College. It received two major revisions to
shorten and improve tape and slide quality. |
' Appendix B, pages 95-100, contains sheets for each of the forur STEM's
that comprise this TEC. The sheets list .a11 S’I‘EP'S developed plus the
_Instructc.n_r‘s.duide fur.n;;l‘.shed in fhe- STEM's., o o |
We packaged the.con_tents of e_aéh_ of the four S'I'_EM'S_ in la_rge cardboard
boxes and labeled them as either Career Awareness Kits or Career Exploratiox;s

Kits (see Appendix B, page 102)..
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To provide more activities, we designed and borrowed ideas for
experimenial devices, Construction of sufficient quantities permitted us to
supply each of our target school districts with one device, and plans for
construction included in the STEP's (see Appendix B, pages 103-106) made it

possible for any user of the TEC to construct his own.

Implementing the TEC

According to our plans (Figure 2, page 20), ti'xe implementation of
'STEP's followed their complefion , thus supplyiﬁg feedback for developing
subsequent materials. We implemeﬁte_d the materials at Norfolk State College,
Thomas Nelson Community College, aﬁd secondary schools in the Tidewater

Virginia area.

Implementing a_.lt Norfolk State College. The most extensive use of this TEC
invoived implementing it at Norfolk State College. The materials served as

. primary instruction for a two-semester-hour course, TEC 145,- Materials
and Processes of Industry I. Two sections of TEC 145 taught in the fall.
semester of 1975 had 27 students in section one and 16 students in section
two. The mostly ﬁ-eshman classes consisted of mechanical design and
eiectfﬁnics techoiogy major's. and é&ﬁcaﬁon studénts from fhé industrial
arts and industrial education gurricula. The requirement f_é_r having
STEP's ready in time for use by the class i:ut tremendous pressure on
Kilduff and me to complete the writing with a minimum of 2 month lead time
for proofing and printing.. The.prESsure made us appreciate advice of

other deVelopers whb had suggested not implementing individualié‘ed |
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instruction while trying to develop it.

Using an individualized instructional mode, I taught both sections of
the course. The grant from NASA for this project provided me with three~
fourths release time for directing the grant and serving as senior researcher;
the remaiﬁing‘ one-fourth time cavered the two sections. As a first experience
in teaching a completely individualized course, it became an arduous task,
much more clemaa;‘xding than the &aditional lecturef discussion mode of teaéhing .
As seen in the Course Requirements in the Appendix B, page 107, the operation
of class involved students reading through the STEP!'s at their individual
paces with only three lectures given the entire semester; lectures served to
explain the classroom procedure and provide motivation. In addition to the
STEP's and slide/tapes from the TEC, I showed seven films from iz'm'd'ustry
to pravide the studentsv a realistic look at industry and a look at materials
undergoing microscopic examination and testing with equipment unavailable
at Norfolk State College. Both sections took a fuli~day field trip to NASAfs
Langley Research Center midway through the course to witness the testing

and pro-cessing of materials with the latest techniques.

JImplementing at Thomas Nelson Community College. Implementation of the

TEC as a supplementary resource at Thomas Nelson Community College began
' with the winter q’uaftef J anuary,v 1976); conéseqﬁently; the results of its

effectiveness at TNCC will not appear in this report.

Implementing in Seconvdvary' Schools. Field tésting of the prototype STEM
indicated an interest by secondary school teachers for our materials as a

supplemental resource. Since one of our primary objectives aimed at
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informing secondary school students, counselors, and teachers of careers in
engineering technology, with hopes of motivatiﬁg students to pursue careers
as engineering technicians and technologists through college and apprentice-
ship progré.ms » we chose methods of disseminating cur TEC to yield the.

largest audience, Ouf methods included workshops and a TV series.

Counselors' Workshop. Design of the first workshop had the objective of

gaining the interest of area guidance counselors in the STEM on careers

which wé labeléd, "A Career Awarene.ss Kit: Careers in Engineering
'_I‘ech.nologyf' (see Appendix B, page 98), As seen by the agenda in Appendix B,
page 108, the Virgirﬁ# Board of Education's Supervisor of Guidaﬁce and
Norfolk State College's Director of Counseling spoke about career counseling

to the workshop audience. Representatives from NASA's Langley Research
Center and Newport News Shipbuilding described the engineering technology
occupations. Finally, Kilduff and I gave the rationale and methods for using
.the career awareness kit. Invitations went fo all guidance counselors an&

supervisors from the school districts and colleges listed below:

Chesapeake Hampton
Newport News Norfolk
Portsmouth Virginia Beach
York County Suffollk: '

Tidewater Community College Thomas Nelson Community College
 Other pafﬁes‘sdggest:ed by NASA's Langley Research Center's educational
programs officer, Harold Mehrens, received invitations. All participants
re;:e:iwred a éopy of STEP C-1, copies were sent i:o each sec.ondary.r school, :

and the district and state guidance supervisors received the complete
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Career Awareness Kit with our request to rotate it through the schools.

Televised Program. Even though representatives from all invited districts

and colieges attended, conflicting activities prevented many counselors from
_pa_rticipaﬁn‘g in the workshop. In anticipation o_f many counselors’ inability
to attend and because of urging from the guidance directors, we arranged for
two 30-minute TV programs to be taped by WHRO, the local educaﬁonal'
television siaticn. The programs played several times following the workshop
with some schools making their own tape (Appendix B, ..p.age 109, .Program

Schedule and Capsulation),

Industrial/Technical Educators' Workshop. Since one of our major objectives
included pfoviciing second..aa.:y school industrial ai-ts and vécaﬁonal educators
with readily usé.ble resources on basic materials science, we held a second
workshop to disseminate our TEC to educators in the area school districts.
This workshop utilized Paul W. DeVore, a noted industrial/technical educator,
to lead participants in aciivities to assist them in implementing individualizea
instruction. Next, Kilduff and T explained the rationale and use of the TEC.
(See Appendix B, page 110, for the workshop agenda.) Each high school

and junior.h'igh school in the districts received cﬁéieé .of eéch S'i‘EP iﬁ the |
. TEG and sheets desc:_;ibing the Career Awar_eness and Career Explorati.on
Kits (Appendix B, pages 95-98). Supervisors of industrial education from
the districts plus the state supervisor received each of the Career Exploration
Kits with our request that the kits be made available fo the schools through

the districts' central audio-visual supply systerhs_.
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Evaluating the TEC,

As a developmental project, evaluation efforts sought maximum
feedback from our constituencies; namely, industrial and governmental
engineering agencies, and technical educators and students at the college
and seccndai-y levels. Evaluation of the first edition of this TEC provides
data fo aid in improving the material for subsequent use by students at
Norfolk State College, Thomas Nelson Community College, and others who

choose to use it.

Jurors. Occupational/technical curricula must teach valid concepts because
colleges become immediately accountable as soon as their graduates go to
work, Consequently, we selected an evaluation jury to represent industry,
government, technical education, educational development, educational
publishers, and guidance. As seen by the Table V, Jurors, page 45, the
industrial and governmental specialists matched the STEP they evaluated,
€., Nor:ﬁan J' ohnston, as a polymer chemist, and Robert Baucom, as a
polymer and composite matgrials engineer, evaluated the two STEP's on
plastics (polymers). The educational development specialist, Barton Herrscher,
evaluated all STEP's from a curriculum specialist:s and editor's viewpoint.
Tochnical edﬁcators viewed all STEP's m regard to their viewpoints as college
': or secéndﬁrv school educators, and counselors evaluated the STEM on careers.
The jurors evaluated only the portions of _S'I‘EM‘S or STEP's within their
specialties, e; £, Kirkmé.n did noi comment on the accuracy of inforﬁlaﬁon

in the STEP's because he lacks experience in materials science,



TABLE V

B, L. Skeens, BSME
K. K. Plumming

S. A, Tatum

David B. Motley
William H, Briggs
Benjamin T, Smith
Ralph Kirkman, Ph. D.

Barton Herrscher, Ph. D.

Arvid Van Dyke, Ed. D,

Elizabeth Morgan, Ed. D,
Rita J. Holthouse, Ph, D,

Richard Peters, Ed, D.
John Moore, M. Ed,
Stephen Schilling, M.5S.
Dave Goin, M. Ed.

*Grant Technical Officer

Newport News Shipbuilding
Newport News Shipbuilding
Newport News Shipbuilding
Newport News Shipbuilding
Newport News Shipbuilding
Newport News Shipbuilding
Peabody College

Peabody Journal

Center for Educational Development
Nova University

Virginia Board of Education
Virginia State College

MNorfelle State Collepe

Norfolk Public Schools

Thomas Nelson Community College
John Tyler Community College
John Tyler Community College
Fastern New Mexico University

JURORS
- NAME FIRM POSITION/YEARS EXPERIENCE
Bland A, Stein, ABD NASA - LRC Asst., Head, Material Research ~
. Metallurgist Engineer/19 years
Robert Baucom, M.S. NASA -~ LRC Structures Directorate - Materials
Engineer/13 years
Norman Johnston, Ph, D. MASA - LRC Polymer Chemist
Samuel Scott NASA - LRC Asst, to Director - Structures
Aeronauticel Engineer
Wayne Wright NASA - LRC Engineering Technician
Harold Mehrens* NASA - LRC Educational Programs Officer
Daniel Miller NASA - LRC Asst, Educational Programs Officer

Chief Design Engineer/22 years
Mechanical Designer

Mechanical Designer

Mechanical Designer

Mechanical Designer

Mechanical Designer

Professor of Higher Education/21 years
Editor

Consultant

National Lecturer

Industrial Arts Curricula Specialist
Assoc, Professor/16 years

Director of Counseling/16 years
Director of Guidance

Director of Learning Resources
Chairman, Div. of Engineering Tech.
Asst. Professor of Mechanical Tech.
Assoc. Professor of Industrial Arts

a¥
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Jurors used the evaluation form shown in Appendix B, page 111,
with the option to include criteria of their own design. Herrscher evaluated

the STEP's with his "Instructional Effectiveness Inventory, "

" Students. Three approaches to evaluation involving Norfolk State College
students included pre/post-tests over STEP objectives; student reaction to
each STEP (App'endix A, page 89) and to the entire course (Appendix B,

page 179); and a statistical analysis (z test) of students in TEC 145 who
~eceived individualized instruction with materials from this project compared
to previous students at Norfolk State College who took Materials and Processes
of Indusiry I with the traditional mode. The ultimate goal in developing this
TEC aims for at least 70 percent of the Norfolk State College students
expressing their interest in continued studies in engineering techﬁology and
at least 80 percent of the students achieving the cognitive objectives of the
instructional component. Pursuit of these goals follows Phase III for Figure 2,
page 20, in which data from students and other users remains in a constant

feedback/revision loop.

Users. 'The User's Evaluation Form (Appendix B, page 101) provides a
vehicle for all users of this TEC to supply data on the methéds of use and
recommendations for change. We encouraged all participants in the two
workshops on our TEC, plus others given the Career Awéreness and

Exploration Kits, to mail us their evaluations on the Uséx‘s Evaluation Form.



Chapter 4
FINDINGS

Data gathered from the warious sources involved in evaluating
thi.s TEC serves as input to improve this .prototypé instructional system., As
rationalized in Chapters 2 and 3, constituencies associated w_ith Norfolk
State College, Thomas Nelson Community College, and technical education

provided the input.
JURY

Data compiled from the Jury's Evaluation Form comprises Table VI
(page 48). As the table shows, most jurors rated the objectives appropriate
and the information accurate at a high level. In addition to validating the
STEP's, each juror supplied valuable comments for subsequent improvement
of those STEP's they evaluated (see Table VII, pages 49~50). Jurors' typical
candid comments reflect our constituencies' interest throughout this project.
From his view as a curriculum dévelopment theor‘is.t, Barton Herrscher,
whose model served as the basis for this TEC, said ". . . your materials are
of the highest quality I've seen. . .". He suggested we pursue publishin.g 7
posgibilities, = S

| Jurors also provided valuable assistance in critiquing the slide/tape

.presenta.tion on careers, a§ evidenceﬁ in the third edition of the preéeﬁtaﬁon'. '
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TABLE VI
JURORS EVALUATION OF STEP'S

Very much® Inappropriate®
Accurate®* . _ __Inmaccurate®*
Question 1 2 3 4 5 Blank
STEP
C-1 1 58% | 25% 7% 0% 0% 0%
2% 75% % 8% 0% 0% 17%
O-1 1% 44% 56% 0% 0% 0% 0%
2%k ' 66% 22% 0% 0% 0% 11%
0-2 1* 44% 56% % 0% 0% 0%
2 56% 11% 22% 0% 0% 11%
0-3 1 22% 67% 0% 0% 0% 11%
2k 33% | 1% | 22% 0% 0% 33%
P-1 1# 71% 29% 0% 0% 0% 0%
2%k 57% 14% 0% 0% 0% 29%
pP-2 1 71% 29% 0% 0% 0% 0%
2k 57% 14% 0% 0% 0% 29%
M-1 1* 57% 43% 0% 0% 0% 0%
2% 57% 14% 0% 0% 0% 29%
ALL 1* 53% 425% 3% 0% 0% 2%
STEP'S 2%% 58% 12% 8% 0% 0% 22%

No. of evaluations = 111
Mean evaluation = 1.42

* 1., Are the objectives appropriate?

#* 2. Is the information accurate?
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TABLE VII
TYPICAL JURORS' COMMENTS

1, Are the objectives appropriate?
Do pre-test & post-test "match" the objectives? Successful
completion of objectives should be reflected in the test.
Feel the objectives were very well met,
Your clarity is excellent!

2. Is the information accurate?
Since my background of this field is limited, my assessment of
accuracy of information would not be valid,

3. What weakness do you find in this STEP?

In A, I'm not sure after reading it who is the team. You describe
more of what they do and do not list job titles,

Page 18 -~ The statementi "technicians & technologists fall in-between
with. ., ." is an example of the real problem in attracting people
fo engineering technology education. There is nothing positive
here. A better, more positive definition of the technician's and
technologists's role is needed here. The following pages are
better.

If the students are of the level you indicate, I doubt that they
will understand some of the terms and suggestions,

Do you need lingo style such as in inset paragraph on page 10,
i,e., "WOW! SWEAT!, .. . fast conversion fo stateside
language. . ."? Could turn sharp kids off.

Page 1 - the useful magnification of a metallograph is limited to
about 2000~2400X; Page 12 - phoiograph seems out of place;
page 13 - crystal is spelled incorrectly in diagram,

Excellent for college students; too difficult for high school
students.

I find no profound weaknesses .

Objective 8 is difficult using only the material presented in
STEP on ceramics, Key word is "why."

Too wordy, especially sections IV A, B, and C. These sectmns-
are boring because they use too much explanation to make
simple points.

4, What strengths do you find in this STEP?
The STEP will be understood by the students using it.
- Good layout and flow.
Clear directions, good figures, and a good tool for screening
those interested in the field from those who are not.
Concise and orderly presentation of material.
Presentation of a difficult unit of material.
Use of illustrations excellent.
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TABLE VII, TYPICAL JURORS' COMMENTS (continued)

4, What strengths do you find in this STEP? (continued)

Section on polymeric materials,

Good for high school industrial arts or any other students;
very good general information.,

Simplicity and brevity in the latter sections.

The authors have done an excellent job in presenting the basic
principles in plastics chemistry, and the student need not
have prior chemistry knowledge.

The approach in general should encourage students by allowing
viable options, e.g., page 6 - the "paths."

5. How would you improve this STEFP?

The material presented can be expanded to provide additional
information when time permiis.

One gets the feeling that engineering technology is not a career,
just a transient step. This is not true; in years to come, the
technologist may be in as much demand as the engineer.,

Give serious attention to Ianguage levels of students and edit
accordingly.

In exploring crystal Iattzces the fact that atoms ave shared with
adjoining crystals should be noted.

Fine as it is for college students.,

Something introductory on phvsical versus mechanical
properties would be useful, giving lists of examples of both.

6. Other comments:

I think a Table of Contents would help in seeing the overall plan
of the booklet,

An excellent package!

Consider a simplified version for high school students. .

Inconsistencies: 1) page 19 calls Young's Modulus the "tensile
modulus" while page 22 identifies Young's Modulus as the
"modulus of tensile elasticity." Neither is fotally correct; 2)
the answer to questions 2 and 3 of Self-Test 2 {page 28) are
not consistent and the answer to question 2 is technically

incorrect (since the number of cycles a typical nail is subjected
to when driven in is too few to constitute fatigue. Errors: 1)
page 20 ~ the last sentence of the first paragraph on tension is
misleading; tension cannot be exerted on only one end of a wire;
2) the figures on page 23 have ihe captions reversed; 3) the
directions stated for Self-—Test 3 on page 39 are not correct for
questions 1 through 8.

This STEP should stimtlate that person who may desive to
pursue the study of plastics chemistry further.
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Paul DeVore served as a consultant {o provide in-depth evaluation of
the entire TEC. His report assessed our STEM's as "well conceived and
dévelcped"‘ with "well-structured, easily understood, and manageable
teaching=-learning packages"; but he felt some in-service training for high
schooli teachers would be necessary (Appendix C, .pages 114—120) .
Through lengthy discussion with Kilduff and me, .De\Tore made specific
critique of each element of the TEC and summarized the comments in his

report (see especially his section on recommendations and comments) .
STUDENTS

Table VI (page 52) reveals the student make-up of TEC 145 in the
two .c.la.sse..s at Norfolk State College and typifies.the make-up of previous
‘classes with the exception of one retired man, age 65, and a slight increase
in female and Caucasian students-—normally around 2 percent of each. Also
the status of the students' communications skills closely matched previous
classes, with 49 r}'u‘-.‘rce:at enrolled in the T7 through T10 non~credit

communication classes to teach high school-level reading and writing skills.

 Post-test Resulis

With the requirement to score 80 percent on post~tests to indicate
mastery.of'STEP obj ectives, students recycled' when necessary .thfough each'
STEP until they obtained the 80 percent score. Regular scheduling of the

first test on each STEP probably contributed to the 30 percent failure rate on
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| TABLE VIII |
STUDENT MARKE-UP QF TEC 145
93% 7% 18 17-65
Male - Female ' Modal Age Age Range
Major: 48% 40% 12%
Electronics Mechanical Industrial
Technology Technology - Education
89% 11% 0%
Black Caucasian Qther

Interested in becomin, engineering techunician:

Not interested : Undecided Very interested
1 2 3 4 5
5% 2% 25% 33% 35%
Amount of education desired before beginning career:
0% 11% 63% 22% 4%
no degree 2-year d-year masters doctors
' degree degree  degree degree

Communications class enrolled concurrent with this course:

23% 17% 9% 19% 19%  13%
T T889% T10% BEL1#* BE12%* Other
N=43

*Developmental ~ less than college level
#Freshman communications classes
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STEP tests (see Table I¥, page 54), The_adjustment in individualized pacing
to force students to prepare for fests on a set date followed advice from
experienced uéers of individualized instruction who found that freedom to
test "when ready" caused unhealthy procrastination and resulted in students
not complefing courses. So, even though the failure rate remained rather
constant until the last two tests, ﬂme 79 percent proportion of students passing
TEC 145 before semester's end nearly brought us to one of the tw§ ultimate
- goals of this TEC system, i.e. , 80 percent of the students mastering
80 percent of cognitive objectives (see Table X, page 55: passing > D grade),
This passing rate, compared t;: 67 percent of previous classes, receives

statistical analysis later in this section.

Student Evaluation of STEP's |

Students generally gave high evaluation of the STEP's (see Tables
X1 through XVII in Appendix C, pages 121-128). Student uncertainty |
about the teaching ability of STEP's .shows .on evaluations of early STEP's
item 1, even though most rated the quality (items 2-5, 9) of the STEP's in
the 4 or 5 category; the rating of STEP's teaching ability improved toward
the end of the course exceépt for M-2 which dealt with the most complex
subject matter in the TEC, |

'i‘he rﬁost freqﬁént student commenfs focused dﬁ ciesiré to have a
laboratory ai;taghed to the class and wish for more cla._ss discussion. | _Even
though I encouraged class discussion, studén‘cs seemed to wish for mé to lead

this dis;ussidn, which I feel resulted from their conditioning in lecture classes.
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| TABLE IX -
STEP-BY-STEP RESULTS OF STUDENTS' FAILURE RATE
STEP # DES_CRIPTION # OF TESTS % TESTS
| |  FAILED FAILED
C-1 Careers in Engineering Technology | 23 34%
0-1 | Nature of Ma..terials' | 20 | 32.%.
0-2 Family of Materials 15 26%
0-3 Properties of Materials 17 31%
P-1 Polymerization of Plastics 16 30%
B-2 Properties of Plastics 7 | 15%
M-1 Nature of Mei:a,is 1 2%

Total # of Tests Failed: 99
Total # of Tests Attempted: 382
Percent of Tests Failed: 30%
Total Enrollment: 34



TABLE X
GRADE DISTRIBUTION OF STUDENTS TAKING TEC 145:
TRADITIONAL INSTRUCTIONAL MODE COMPARED TO TEC SYSTEM

~
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Student Evaluation of Instructor

When asked {o evaluate my teaching on the Student Evaluation of
Teaching form (Appendix C, page 129), both classes offered very good
grades (see summary, Table XIX, pages 57-58), The high marks in items
1 through 5 indicate rapport developed with the class, The fact that most
categories received A-B érading between 62 percent to 90 percent indicates
the students found the course worthwhile, Such a response revealsa
tendency for the students leaning toward the second ultimate goal of this
TEC: at least 70 percent of the students using these materials will express
interest for continued studies in engineering technology and thus refiect a
desire to achieve the affective objectives of the instructional components,
Sixty-eight percent of the students marked a 4 or 5 on a 5-point scale

(Table VII, page 52) when a._skc_-z_d if _they were interested in becoming

engineering technicians.

Analysis of Student Performance

In testing differences in proporiions f_ozf the students who had
previously takén TEC 145 against those stﬁdying with the Technical
E_ducaﬁon Component, I applied the following hypotheses:

Hp: This TEC system produces passing students in the TEC 145
classes at Norfolk State College at a proportion not greater than 65.8 percent.
Ha: 'I'his_ TEC system produces passing stude_nts in the TEC 145
classés at Nc;rfolk State Coilege ata prﬁportion gfe#ter tﬁa.n 65.8 percent.. -
- Criterion for decision: Use a level of confidence at 0, 05_ to reject

Ho and accept Hy if z is greater than 1,645.
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TABLE XIX
SUMMATION OF STUDENT EVALUATION OF TEACHING
A B C D F BLANK
1. Dges your instructor seem to enjoy teaching your class?
38% 40% 18% 4% 0% 0%
2. Does your instructor appear to know his subject matier?
73% 20% 5% 0% 0% 2%
3, Does your instructor seem enthusiastic about teaching?
38% 35% - 25% 0% 2% 0%
4, Is your instructor concerned about your learning?
45% 48% 7% 0% 0% 0%
Does your instructor seem concerned about the feelings of the students
in your class?
21% 46% 33% 0% 0% 0%
6. Is the class time well used?
36% 36% 19% 2% 0% 7%
7. Avre the tests given by your instructor consistent with class presentatmns
or objectives?
68% 22% 5% 5% 0% 0%
8. Do you look forward to coming to this class?
15% 39% 41% 0% 0% 5%
9. Dnes your instructor appear to be aware of current developments in the
subject area? _ '
53% 30% 10% 3% 0% 4%
10, Do you feel that the instructar grades you fairly? o
49% 41% 8% 0% 0% 2%
11, Does your instructor encourage you to seek his help? - _
47% 37% 12% 2% 0% 2%
12, How w'_all are class presentations organized?
' 40% 28 25% % 0% 0%
13, Is the instructor fair in his dealmg with you?

a8
™
o

28% - 43% 23% 0 4% o 0
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TABLE XIX, SUMMATION OF STUDENT EVALUATION OF TEACHING {(cont'd)

A B - C D F BLANK

14, Did your instructor stimulate youi interest in this subject?
33% 36% 26% 0% 3% 2%

15, Would you be hesitant to express an idea contrary to that of your
instructor's?

43% 28% 13% 3% 3

o®

8%

16, How would you rate the teaching effectivéeness of your instructor?
30% 57% 7% - 3% 3% 0%

Mean grade =B
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Pz = proportion of passing students
using TEC (34 out of 43 = ,791)

’ ' Pb = proportion of passing students
using traditional mode
(121 out of 184 = ,658)

Py - Py
Zz _ .
- -7 1 P = proportion of all students who
paq [;,‘ + p :l passed (155 out of 277 = . 683)
b a

q = proportion of all students who did
not pass (7 - p)

Since the z value equalied 1,688, I reject H, and accept H,. The TEC
system produces significantily higher prop_orﬁons of passing students in
TEC 145 than does the traditional mode.

Using the chi square test, I cﬁmpared grade levels attained by
students who studied under the two methods of instruction as follows:

Hypothesis (Hy): Students in TEC 145 who receive the
Technical E.ducaﬁon_ Component will not perform at significantly
higher grade lévels than those studeﬁts who received the traditional
mode of instruction. . _

Hypothesis (H,): Students in TEC 145 who réceived the
Technical Education Component will perform at significantly higher
grade levels than those students who received the {raditional mode of

instruction.
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_ TABLE XX
FREQUENCY OF TEC 145 STUDENTS TABULATED TO
SHOW INCIDENCE OF GRADE AND WHETHER THEY
RECEIVED TECHNICAL EDUCATION COMPONENT OR
TRADITIONAL MODE OF INSTRUCTION

MODE OF INSTRUCTION

b_. .

5 i TEC TRADITIONAL
B % A/B 26 “ 47

Q% C 8 74

2w _D/F 9 , . - I

m O

N=227

With a computed chi square value equal to 19,6637 with 2 degrees of freedom
(3 x 2), table values equal to 9.210 at the .01 level of confidence, I reject
H, and accept H, that students who studied under the Technical Education
Component do perform at higher grade levels than those in TEC 145 who

received the traditional mode of instruction.
COS8TS CF PROJECT

Including cost sharing from Norfolk State College and the grant and
other assistance from NASA, this project cost slightly more than $90,000.
Planned expenditureé for each six-month phase of the project appear in
Appendix C, pages 130-134. Actual expenditures in each category closely
paralleled the bﬁdget over the nineteen-month operation of the project except
ip the _services and materials categories, Due tq the high cost and lack of
available services in such areas as graphics, packaging, kit fabrication,

and audio tape production, a transfer of funds into the materials category
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provided the research team with necessary supplies to meet the needs.
Table XXI shows approximate allocations of time for the research team with
the senior reséarcher/ project director's and associate researcher's time

based on a normal teaching load, and the others based on a 40-hour week,

TABLE XX1
ALLOCATION OF TIME ON PERCENTAGE BASIS
Phase I Phase IT Phage 11
Senior Researcher/Project Director 5% 50% 75%
Associate Researcher _ 50% 50% 40%
Typist 75% 75% 80%
Laboratory Assistant 40% 25% 40%

Reliance solely on the research team for most of the writing and media
production placed a tremendous strain on the group to acquire new skills
and meet deadlines. While the instructional materials developed in this
prototype TEC served the needs of this project, a finished product requires

a team of instructional technology specialists.



CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

This developmental applied research project grew out of a need to
improve orientation to engineering technology and basic materials science
for youth, especially females and minorities. The project succeeded in
developing, implementing, and evalué.ting a prototype instructional component
(TEC) on basic materials science with a self-pacing and individualized mode.
We furnished Career Awareness and Career Exploration Kits developed in
the project to Tidewater area secondary schools after conducting workshops
with counselors and instructors in those schools, Norfolk State College and
Thomas Nelson Community College adopted the TEC for freshman-level

courses on industrial materials and processes.
CONCLUSIONS

Kilduff's and my findings substantiate the following conclusions:

1, This project demonstrated that a systematic approach to
instruction can produce valid and valuable instructional
materials that provide non-traditional students a viable mode
of learning.

2. The materials of this prototype TEC are both appropriate and

accurate and will serve as useful orientation to engineering

62
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technology and materials science to most youth, especially
minorities.

The TEC needs a team of educational technology specialists to
produce and refine finished products for wide distribution.
Students who use this TEC for basic materials sc;.ience
concepts covered in it will pass in significantly higher

ratios and receive higher grade levels than students who
receive traditional instruction, provided the instructor
receives preparation on the use of self-pacing individualized
instruction.

Students who employ this TEC will better understand the
need for knowledge of basic materials science and will be
motivated to continue studies in engineering technology.
Systematié instruction demands high costs in both human and
financial terms.

Counselors and educators seek readily available
instructional materials on engineer.ing technoiogy and basic
materials science,

This country requires commitments-—such as made by NASA,
the research team, and all involved in this project~-to build
the required technician/technologist manpower pool and
remove access barriers to careers in the éngineerixig field

for minority and female students.
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RECOMMENDATIONS

Based on the conclusion I recommend:

1.

This TEC receive additional support to revise and refine the
elements contained in it,

After refining the TEC, we must continue implementation in

both high schools and colleges.

Closer relationships between education, government, and
industry should develop to provide more opportunities for
similar projects.

Those who conirol funds in education, industry, and government
should 'commat themselves to adequately funding teams of
educationai technology specialists who can develop systematic

instruction in engineering technology.

I
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RATIONALE: Why Should you Study a STEP* on Plastics
(Polymeric Materials)

In this particular STEP* you are going to discover the "hidden"
structure of plastics and see why plastics are an engineering material.
Why learn about plastics? Well, stop reading right now-- just

look around you. If you can't add up on
both hands all the plastic materials that
are surrounding you the only explanation
is that you haven't learned enough about
thern. yet or they are covered up with
paint (a good bet is that it too is made
from plastic materials). Did you count the chair you are sitting in?
You're standing. Okay, how about the shoes you're wearing? No
shoes? Oh, sorry, you're not wearing shoes today! Well, anyhow,
the point is that today plastic materials find many uses in our daily
lives and the experts predict that we will see more and more uses of
plastic materials as they are developed to handle new requirements.

Stop reading now and go watch the slide
presentation "Plastics-A Space Age
Material." When you have finished seeing
it, come on back and we will talk some
more about how plastics are made.

PLASTICS) | ]

A ;
S PACE-AGE i
MATERIAL

o

Meet Poly Prof, he will help guide you through these STEPS on plastics.

*Self-pacing-Technical Education Package



The fields of Engineering and Engineering Technology
work with materials. These materials can be identified
as either being a metallic such as steel, brass or iron or a
non-metallic such as concrete, wood,plastics, including rubber.
Much of the known information about materials can be found
in handbooks; however, you will need to know how to make sense
out of the tables so that you can use the information to select
the proper material necessary to do the job. The word 'proper"
means many things, For example, it could mean as an engineer
or technician your boss would expect you to select a2 material
because of economy., Why use an expensive material instead
of a cheap one if the cheap one will do what you want it to do.
Of course, we assume both satisfy other requirements. Your
boss also expects that you will know that the word "proper" means
getting for him the material that has the right physical properties
for the job. Physical properties are words that describe
a2 material's behavior when subjected to mechanical loads, heat,
or electricity, '

Why is one material brittle (breaks easily)? Why does one
conduct heat? Why does one lose its strength as the temperature
changes? All these behaviors of material can be satisfactorily
understood if you have a knowledge of how these materials put
themselves together - that is, their internal make up, or to say it
with other words, their micro structure, or molecular architecture.
This tells us of the forces that hold or cement the structure together.
We call this bonding. So if you know something of the principles
that are involved in the internal make up of a material, you can
pretty well estimate the material's attributes, capabilities, and
advantages/disadvantages and weaknesses when you go looking
for the right material to use on your project.

QUESTION: What materials are used in a car?

On the next page is a picture of a 1972 Mercury that has been
taken apart. The number for each pile are as follows: 1) light
steel, less than I/8 inch thickness; 2) heavy iron and steel, more
than 1/8 inch thickness; 3) cast iron; 4) mineral wool, 5) glass
and ceramic; 6) carbon, activated; 7) molded nylon; 8) bakelite;
) lead; 10) stainless steel; 11) asbestos; 12) copper and brass;
13) aluminum; 14) zinc die~cast; 15) mastic; 16) rubber; 17) poly-
urethane foam; 18) acrylic; 19) vinyl; 20) polyethylene styrene;
21) pelypropylene; 22) nylon fabrics; 23) Acrylonitrile-butadiene-
styrene (ABS); 24) paper, fiberboard, and padding; and 25) cotton,
jute, etc. (textiles). Piles numbered 7,8,17,18,19,20,21,22 and 23
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are various types of plastics. Did you realize there was this
much plastic in a car? This 1972 car has about 110 pounds of
plastics in it. In 1960 there were about 25 pounds of plastics
used in a car and by 1980 it could go well over 200 pounds.

tlere a NASA technician is assembling a model aircraft. Technicians
are required to have a knowledge of plastics in order to deal with
the variety of materials in the technical fields.
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OBJECTIVES: What you can Learn from this STEP?

The overall purpose of this STEP is for you to gain an
appreciation for plastics as a space age engineering material
and to be able to communicate effectively about plastics.

If you give this STEP your full attentior by the time you
have completed it, you will be able to do the following:

1. Define and illustrate by sketching

a. A typical monomer (mon-uh-mer)
b. A typical polymer (paul-uh-mer)

2. Describe polymerization by addition and give one
example.

3. Describe polymerization by condensation and give
one example.

4. Explain the results of a plastic developing into a
thermoset or a thermoplast.

5. List examples of thermosetting apd fhermopldstic
plastics.

6. Develop confidence in your abilities to understand
and use basic principles in materials science.

With these objective
completed Miss Poly
is on her way to
becoming an
engineering
technician.




Choose one of the following paths.

1. I feel that I already know the above objectives and
will ask the instructor for the self-test now.

2. I want to use this STEP on properties of polymeric
materials to accomplish the objectives. Begin
on page 7.

3. I want to read from the textbooks in the Reference
Section to accomplish the objectives.

Norfolk State College materials technology students and faculty visit
NASA-Langley Research Center to gain firsthand information. NASA
researchers and technicians supply the students with valuable ex-
periences related to plastics and other materials. The model jet is
constructed of plastic (polymeric) material.



POLYMERIZATION OF PLASTIC MATERIALS

In order to obtain a working knowledge of plastic materials,
you have to know something about the structure of the various
plastics. Once you acquire a familiarity with their structure,
their characteristic qualities are yours for the asking. But
how do you get 2 handle on the structures of materials? By
learning a little bit about chemistry which is presented in this
STEP. As all trades,occupations, and professions have their
particular vocabulary or jargon, so too does the study of various
subject matter fields such as the field we are concerned with --
materials science. You can't "rap" with any of these particular
groups of individuals until you learn their language and so it
is with the study of plastics. Chemistry has been the vehicle
for the evolution and innovation in the plastics industry and there-
- fore some of its words and concepts must become part of your
vocabulary to allow us fo intelligently discuss the subject matter
at any length. '

MONOMERS AND POLYMERS

Chemists have taken apart or chemically broken down
materials into their basic ingredients (analyzed them) and
then put them back together again (synthesized them) in a
diiferent form. This is basically what has produced the many
different types of plastic materials on today's market. A
molecule can also be considered a group of atoms which are
closely held together (bonded) but have no strong ties to
other molecules. The number of atoms in a molecule varies

H |
1 _‘ WATER MOLECULE

O-H H20

H H | ETHYLENE MOLECULE,

(':,_ é MICRO MOLECULE OR

Pl . - MONOMER

MACRO MOLECULE OF

H H H HH ETHYLENE, OR A POLYMER

B § 1 1 ] v '
-¢-C-¢-g-C- OF ETHYLENE

H H H H H

CoHy ~CoHgq—-CgHg -~
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from two atoms to molecules having millions of atoms. In the
study of plastic materials, the molecules are relatively large
compared to familiar molecules such as water (h20) e {
organic chewmistry, the small molecules are called micro-
molecules (my-crow-maul-u-quels) and the large molecules
are known as macromolecules. A better name for both of
these molecules is to call them monomers (mon-uh-mers) and
polymers (paul-uh-mers) respectively.

Let's look back at our ethylene

micromolecule one more time.

The two carbon atoms are tied

together with double, short

straight lines. This represents
what the chemists call a double covalent bond. The hydrogen
atoms attach themselves to the carbon atoms with a single straight
line. This represents a single covalent bond. It is essential to
have monomers that possess these double bonds before poly-
merization can take place.

NASA researcher, Bob Baucom, demonstrates the polymerization of
nylon to Norfolk State College students of Mechanical Design
Technology. The catalyst has been mixed with the resin making it
possible just to pull nylon string out of the jar.



By addition polymerization we chemically added the two
monomers only after the double bond between the carbon atoms
was broken or opened permitting the monomers to join in
chain-like fashion forming a giant ethylene polymer. In this
example, we used just two monomers but in the real thing,
there would be literally hundreds of thousands of these mono-
mers forming macromolecules or polymers and with ethylene
monomers we would have produced polyethylene polymers.

You can find the answer for

@ each guestion below the
question. Keeping the answer
; covered, write your response
to the question on the answer

sheet and then check your answer,
It is important to follow this procedure to aid your learning.

1. Question: Addition polymerization is
the chemical process of adding

to produce .

monomers polymers

Before we leave this crude drawing of a polyethylene polymer,
we might note that the polymer consists of repeating units of atoms

H {'CH2) H H (CoHal
I T
~-C- ~-C~-C-
1 T
H “"H H

(polyethylene mers)
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such as the diagram on the preceding page.

‘These basic building blocks of atoms can be considered the
mer in poly mer. Get this!! If we joined up about 2,000 of these
mers, we would have produced the plastic polyethylene.

How about a monomer? Did you miss it back there? Yes, the
monomer is the ethylene molecule containing the necessary double
bond that once opened provides the magic reaction that allows
molecules to bond to each other through the single bond linkage of
one carbon atom to another forming a long chain with the carbon
atoms acting as a backbone for the chain,

~} Just remembered one more point
"~ about these long chain or linear
polymers. You might think they
all grow in straight lines but
that is far from the truth. They
{ actually curve and coil and vou

lingar or > ¢ ‘ could compare many of them to
chain polymers cooked spaghetii in a bowl.

Now before we quit for some meathalls and spaghetti, let's see
how much we remember about the magic of building polymeric
materials such as polyethylene.

2. Question: Polymers consist of

of molecules that curve and coil like

cooked spaghetti.

chains

3. Question: Ancther name for a mer is a

building ora unit.

block _ repeating

12



If you missed the answer, go back to page 16 and.xercad the
section beginning with molecular weight.

Now's your chance to hit the jackpot.

11, Question: If we had a giant molecule
(polymer) that contained 1000 molecules
of ethylene what would be its molecular
weight?

(a) 28000
(b) 2800
(c) 280

(a) 28 x 1000 = 28000

In our discussion of polymerizing ethylene we used one linear
chain of polyethylene. We said that the linear chain was not straight
but curved and coiled. The lengths of the chains may be short or
extremely long (10 mers to many hundred thousands mers). The
longer the chain the larger the molecular weight of the chain. One
thing is sure. The chains have random lengths. As these macro-
molecules get longer they get more tangled up with each other and
this causes the density to increase and the ability of the polymer to
perform plastically to decrease. (Refer to STEP P2 on Viscosity
and Viscoelasticity for further understanding) .

. 1. EXERCISE
STOP Obtain a molecular kit from
_ your instructor and construct
~ the following, a) ethylene molecule, b) polymer of ethylene,
c) a linear chain of polyethylene with a minimum of eight carbon
atoms making up the backbone of the chain and with a maximum of
three branches consisting of a minimum of two carbon ztoms each.
Refer to page 7 for the diagrams.

17
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BRANCHING

As with life, chain growth is not as simple as we have ténded
to show. Not only do these chains grow at the ends, but they grow,
to various degrees, side branches much like the branches of a
tree, %

These branches or side groups prevent the linear chains from
packing close together. This accounts for variations in a number of
important properties of polymers such as density, flexibility, trans-
parency. (Refer to Reference for further study of properties).

12, Question: In a polymer the length of

the linear chains are not the

If you answered with "same" you're still in this
ball game.

13. Question: With different lengths of chains formed
each having different molecular weights, the
molecular weight of the polymer must be
some sort of an .

Yes, the value of molecular weight must be an average. That is,
not only because the lengths of the chains (individual polymers)
are random, but because they are all scrambled about with some of
them sprouting branch chains preventing any close packing of the
chains,

14. Question: The properties of polymeric materials

vary with the average length of the linear chains

and with the amount of - .

18
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22. Question: Once the final heating and/or
pressure is applied to they cannoti

be softened by heat.

If you answered thermosets yoa are correct and
have finished the last question before your final
exercise to show that you have successfully
reached the objectives of this STEP.

3. EXERCISE

To determine if a polymer is a
thermoplastic or a thermosetting
plastic and for further study
consult the following sources:

Giant Molecules by Morris Kaufman, Doubleday Science
Series, 1968, p. 103-111.

A Textbook of Materials Technolery by L. H, VanVlack,
Addison-Wesley, 1973, p. 175-181.

Materials and Processes of Manufacturing by E. Paul
DeGarmo, Macmiiiian'_Co. , 2nd Ed., Table 9-1, p. 172-173.

Other textbooks on materials and processes of manufacturing
or texis on plastics.

4., EXERCISE

STQP Review the definitions of

thermoplastics and thermo-- ARN]NG
setting plastics. To identify

a plastic as a thermoplastic obtain a small piece of the pla:stlc

heat it, and observe it to see if i’ softens and/or melts.

This exercise must be done in a laboratory setting under

the supervision of the instructor with full awareness of the. safety
precautions involved,

25



5. EXERCISE (optional)

1. Use the Glossary of Plastics
Terms by Phillips Petroleum and
look up the following terms:

a. catalyst d. crosslinking
b. amorphous e. branching
c. thermoset

2. Write the definition of each term above using your own
words.

3. Upon completing #2 use each term above in writing a
sentence.

When and if you wish time to review this STEP, go ahead now.
When you are ready to take the post test, please notify your in-
. structor. Good luck -- I enjoyed working with you.

/—T\__/

Sylvester Super
Student has "got it
right" on polymers
and is ready to
"make it" as
a technician
and... T
otherwise... ( 0%\ e
%
.
£l

26
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Elements of the STEM* on Plastics

STEP#* P-1. Polymerization of Plastics - 15 copies
Pretest/post test - 15 copies

Pretest/post test answer sheet - 30 copies

Ditto master of answer sheet

STEP P-2: Properties of Plastics - 15 copies
Pretest/post test -~ 15 copies

Pretest/post test answer sheet - 30 copies
Ditto master of answer sheet

Plastics - A Space-Age Material
77 slides in carousel tray
Cassette audio tape - 17 minutes

Specimens and Supplies for Experimentation

a, molecular structure models

b, Castolite acrylic - polyester casting resin

¢, silicone spray release ( for molds)

d. specimens of polymeric film, sheet, and foam to be useqd for
experimentation and comparison of plastic properties

Resources for the instructior - see separate page

* Seli-pacing gechnical Education I&_ﬂ_oduie
*#* Self~pacing Technical Education Package



- - -

o a0 GO =) O U B L DO
I e e e & e
:

12,
13,
14,
15,
16,
17,
18.
19,
20.
21,
22,
23,

INSTRUCTOR'S RESOURCES ON PLASTICS
‘For Use With STEM* on Plastics
> by J. A, Jacobs and T. F. Kilduff

Glossary of Plastics Terms

SPI Film Catalog

NASA Film List

The Story of the Plastics Industry

Space Resources for the High School - Industrial Arts Resource Units
What NASA Has For You

NASA Resources for Industrial-Technical Educators

You Can Get A Piece of the Action

Personalized Casting

. Technology in the Service of Man

Technical Support Package for Tech Brief

Skylab

NASA Visitor Center

Viking Projegt

Answers to Questions You Are Asking About Plastics & Environment
Technical Library (Handbook)

Space Shuttle

"That's One Small Step for a Man, One Giant Leap for Mankind"
Designing with Zytel Nylon Resin

Lexan Polycarbonate Resins Sheet

GE Plastics '

Lexan Resin

Assorted Technical Booklets

* Self-pacing Technical Education Module

84



85

WORKSHOF ON A
TECHNICAL EDUCATION COMPONENT IN MATERIALS TECHNOLOGY
for Industrial Arts Teachers and Supervisors

February 24, 1975 - 10: 30 AM - 12: 00
NASA - Langley Research Center
Bldg. 1212, Room 201 ~ located on Taylor Road

Conducted by: James A. Jacobs - Norfolk State College
Thomas F, Kilduff - Thomas Nelson Community College

Introduction: James A. Jacobs
Explanation of the TEC on Materials Technology:
James A, Jacobs
Thomas F. Kilduff
- distribution of orientation materials
- presentation: "Plastics - A Space-Age Material"
- suggestions on use of the prototype STEM

Discussions: reaction to the TEC and questions on its implementation

Distribution of prototype STEM to field-test instruciors
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Instructor's Guide to
A SELF-PACING TECHNICAL EDUCATION MODULE on
PLASTICS
by: James A, Jacobs and Thomas F, Kilduff

This material is designed for individualized instruction which can serve
either as a unit of study on plastics or as a supplementary resource to the
study of manufacturing materials. The Self-pacing Technical Education
Module (STEM P) consists of two Self-pacing T Technical Educatmn Packages
TSTEP P-1 and STEP P-2) and a slide/ tape presentatmn ‘entitled, "Plastics -
A Space-Age Material." Through this study, the student will gain an
introduction to the nature of plastic as an engineering material (see specific
performance objectives in each STEP).

Rationale - This develops the student's awareness of the importance of the
STEP and should motivate him/her to study. The slide/tape presentation
supplements the written rationale and gives a quick review of the topics in
STEP's P-1 and P-2.

Objectives - These performance objectives detail the exact criteria on which
the student will be tested in order to determine mastery of the STEP's,

Alternate Learning Activities - Individuals learn in different ways depending
upon their previous experiences. Three learning approaches are supplied

to them to accomplish the objectives of each STEP., The instructor may have
other learning alternatives. The choice should be that of each individual
student.

Pretest - Some students may already possess some or all of the competencies
of these STEP's, I they feel confident, allow them to take the pretest/post-
test, Should they show mastery of some objectives and not others, then
they should study those areas in which they are deficient.

Learning Activities - The written material is in programmed instruction
based on current learning theory, Students should be equipped with paper
and pencil to write down the answers to the programmed questions and not
write in the booklet. Please emphasize that they are not graded on these
questions, Writing the answers will reinforce their learning. Encourage
them to be sure of the answers before preceding. Have them pass in these
sheets. Analysis of the students' answers can be used to improve the
instruction, The Exercises will provide additional feedback to the student
through practice. These exercises can be done by individual students, in
pairs, or in small groups. It may be desirable for the sake of time to allow
different teams to engage in selected exercises after which the entire class
discusses the results. PLEASE CAUTION THE STUDENTS ABOUT THE
NECESSITY OF SAFETY PRECAUTIONS. Refer to written instructions and
expert advice about ventilation precautions plus protection of skin, eyes, etc.




87

For Exercise VII in STEP P-2, the answers to #2 are a) acrylics,

b) polycarbonate, c) polyester, d) ABS, and e) nylon. There are many
possibilities for this type of exercise, and it should provide for good class
discussion.,

Post-test ~ This is administered when the student feels the objectives are
mastered. You may wish to develop other forms of the test, Itis
recommmended that the student does the grading under the instructor's
supervision or watches the grading. This supplies immediate feedback and
reinforces learning. Should the student not master the test (a score of 80%),
then the materials, including the references, can be restudied. Students
should be allowed to retest as often as they wish (and is practical) until
mastery is obtained.

Advanced Study - These STEP's are only introducing materials, There are
many references that supply further reading plus interesting experimentation.
Industry and governmental agencies offer free films and other resources

that would be of general interest to the students,




INSTRUCTOR'S EVALUATION

TITLE OF STEP

YOUR NAME

CLASSES AND LEVEL IN WHICH STEP WAS USED

1,

3.

4,

How would you rate this STEP's ability to meet its objectives?

Poor Average
1 2 3 4

What strengths do you find in this STEP?

+

What weaknesses do you find in this STEP?

How did you employ this STEP with your classes?

How do you understand student reaction to this STEP?

. How would you improve this STEP?

Other evaluative comments to improve this STEP:

Do you consider this STEP valuable to supplement your instruction?

88

Excellent
5

Yes | - No Other



We are interested in improving this STEP. Please give us your opinions but
do not sign your name.

Title of STEP

Circle the number which best expresses your opinion. If you desire to comment,
your feelings will be appreciated.

1. How would you rate the ability of this STEP to teach you?

Poor Average Excellent
1 2 3 4 5

Comment

2. Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5

Comment

3. Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5

Comment

4, Were the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5

Comment

5. How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 5

Comment

6. List some features of this STEP which you liked most.




7. List some features of this STEP which you liked least.

8. What would you like added to this material?

9. Check the statement which best describes the way the entire STEP was written.

too much jargon poorly written
well written concise and to the point
confusing other

PLEASE DO NOT GIVE YOUR NAME.

10, 11,
School , ‘ Grade Level

12.

Subject in which this STEP was used

13. 14,
Age Male Female
(Check One)

15, (Check One)

Black Caucasian Other

16,

What do you plan as a2 career?
17. Has this STEP made you interested in becoming an engineering technician?

Not Interested Undecided Very Interested
1 2 3 4 5

Comment

18. How much education do you plan on getting before you begin your career
or life's work?

College (Check One)

no 2 year 4 year masters doctors
degree degree degree degree degree
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THE ENGINEERING TEAM

in Product Research, Development, and Manufacture
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MECHANICAL ENGINEERING TECHNOLOGY
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POSITION
ON

ENGINEERING
TEAM

FIGURE 3
THE ENGINEERING TEAM
EDUCATION AS RELATED TO

NATURE OF WORK
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FIGURE 5
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A CAREER EXPLORATION KIT . g5
ORIENTATION TO MATERIALS TECHNOLOGY

Developed by
James A, Jacobs, Head Thomas F. Kilduff, Head
Mechanical Design Technology Mechanical Technology
Norfolk State College Thomas Nelsen Community College

with support of NASA Langley Research Center, Hampton, VA

b=

Slide/tape presentation: Orientation to Materials Technology
2, Self-pacing Technical Education Packages (STEPs)
(4 programed booklets that allow students to engage in exploration activities on
basic materials technology and careers in technology):
a. STEP O-1 Nature of Materials
b, STEP O-2 Family of Materials
c. STEP O-3  Properties of Materials
d, STEP C-1  Careers: Mechanical Engineering Technology
e, Instructor's and Counselor's Guide to Usage of the Technical Education Component
(TEC) on Materials Technology
EXPERIMENTAL DEVICES AND KITS:

3. Rebound test device 4, Polarized stress demonstrator
5. Solid State Structures and Reactions - Experiment I
REFERENCE MATERIALS:
6. Materials - Scientific American 13, Skylab Experiments
7. Solid State Structures and Reactions - 14, NASA Facts (several publications)
Teachers Guide 15. NASA Educational Publications
8. Solid State Structures and Reactions - 16. C&P Free Films
Lab Manual 17. Can I Be A Draftsman?
9. Solid State Structures and Reactions - 18. Can I Be A Technician?
Summary 19, Canl Be An Engineer?
10. Space Resources for High School 20, CanlI Get The Job?
Industrial Arts _ 21, So You Want to go to Work
11, NASA Resources for Industrial-Technical 22, What's It Like to be 2 Technician?
Educators 23, NASA Visitor Center
12.  Skylab Experiments - Materials Science 24, NASA Film List
25, Sources of Information on

Technical Careers

The Career Exploration Kits are available for your use through Directors of Industrial
Education in the following school systems:

Hampton Noriolk
Newport News Portsmouth
York County Virginia Beach

Thomas Hughes, State Department of Education

For further details, contact:
James A, Jacobs, Mechanical Design Technology
Norfolk State College Phone: 623-8104

Thomas F, Kilduff, Mechanical Technplogy
Thomas Nelson Community College Phone: 235-3294



A CAREER EXPLORATION KIT

PLASTIC MATERIALS oy
Developed by )
James A. Jacobs, Head Thomas F. Kilduff, Head
Mechanical Design Technology Mechanical Technology
Norfolk State College Thomas Nelson Community College

with support of NASA Langley Research Center, Hampton, VA

1, Seli-pacing Technical Education Packages (STEPs)
(3 programed booklets that allow students to engage in exploration activities on
basic materials technology and careers in technology):

a. STEP P-1 Polymerization of Plastics
b. STEP P~2  Properties of Plastics
c. STEP C-1 Careers: Mechanical Engineering Technology’
d. Instructor's and Counselor's Guide to Usage of the Technical Education Component
(TEC) on Materials Technology
2, Plastics: A Space Age Material - slide/tape presentation
3. Molecular Structure Models
4, Plastic Specimens
a. Resin - Lucite, Zytel, Minlon, n. Kynar
Oelrin o, TX 1040 glass
b. Nomex honeycomb P. Mylar aluminum laminate
c. Oelrin 500 q. Kaston
d. Minlon 10B-40 r, Videne
e. Plexiglas S. Cellophane
f. Glass reinforcers t. Lexan
g. Volan u. Tedlar
h. Polyethelene v, Kelar
i. Capran W, Zytel
jo PVA X, Lucite
k, Olefane V. Bakelite
1. Saran z. Temper foam
m. Kodar
RESQURCES:
5. Glossary of Plastics Terms 13.  SPIFilm Catalog
6. The Story of the Plastics Inudstry 14, NASA Film List
7. Manufacturers Specifications 15, Can I Be A Draftsman?
8. Space Resources for High School 16. Can IBe An Engineer?
Industrial Arts 17. Canl Be A Technician?
9, NASA Visitors Center 18, Can 1 Get The Job?
10. Technology in the Service of Man 19, So You Want to go to Work

11,  Space Shuttle 20, What's It Like to be 2 Technician?
12, Selected NASA Publications -

The Career Exploration Kits are available for your use through Directors of Industrial
Education in the following school systems:

Hampton Norfolk
Newport News Portsmouth
York County Virginia Beach

Thomas Hughes, State Department of Education

For further details, contact:
James A. Jacobs, Mechanical Design Technology
Norfolk State College Phone: 623-8104

Thomas F. Kilduff, Mechanical Technology
Thomas Nelson Community College Phone: 235-3294
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A CAREER EXPLORATION KIT

METALLIC MATERIALS

.Developed by
James A, Jacobs, Head Thomas F, Kilduff, Head
Mechanical Design Technology . Mechanical Technology
Norfolk State College Thomas Nelson Community College

with support of NASA Langley Research Center, Hampton, VA

D Self-pacing Technical Education Packages (STEPs)
(3 programed booklets that allow students to engage in exploration activities on
basic materials technology and careers in technology):
a, STEP M-1 The Nature of Metals
b. STEP M-2 Heat Treating (Thermal Processing)
c STEP C-1 Careers: Mechanical Eng.neering Technology

d. Instructor's and Counselor's Guide to Usage of the Technical Education Component
(TEC) on Materials Technology.
2. Metalworking with Aluminum - slide/tape/reference kit on aluminum
3, Metals Identification Kit
4, Solid State Structures and Reactions ~ Experiment II B - Heat Treatment of Steel
RESOURCES:
5 Charts - How Aluminum is Made 16, Chart on Story of Steel
6. Lab Experiment with Steel 17.  Story of Environment & Industry
& Flow Chart - Coal Chemicals 18, Uses of Aluminum
8. Film Catalog of Metals 19, Story of Aluminum
9. Al''minum film catalog 20, NASA Visitors Center
10, NASA Film list 21, NASA Facts & other publications
11.  Cg&P Films 22, Space Resources for High School
12. Basic Facts about U. S, Steel Industrial Arts
13. Can I Be A Draftsman? 23, Can IBe A Technician?
14, Can I Be An Engineer? : 24, Canl Get The Job?
15. So You Want to go to Work 25. What's It Like to be a Technician?

The Career Exploration Kits are available for your use through Directors of Industrial
Education in the following school systems:

Hampton Norfolk
Newport News Portsmouth
York County Virginia Beach

Thomas Hughes, State Department of Education

For further details, contact:
James A, Jacobs, Mechanical Design Technology
Norfolk State College Phone: 623-8104

Thomas F. Kilduff, Mechanical Technology
Thomas Nelson Community College Phone: 235-3294
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A CAREER AWARENESS KI'I‘ :
CAREERS IN ENGINEERING TECHNOLOGY
Developed by

- :,'J'Aa.:mes“A.' Jacobs, Head ‘ Thomas ¥, Kilduff, Head
' Mechanical Design Technology Mechanical Technology
Norfolk State College ' Thormas Nelson Community College

- with support of NASA Langley Resaarch Center, Hampton, VA

‘.Components of the Kit: . ,
1,  Slide-tape presentahon' Careers: Mechanmal Engmeermg Technology -
30 minute programed presentation R

2. . Self-pacing Technical Education Package (STEP): Careers' Mechamcal A
Engineering Technology - 27 page programed booklet that allows '
students. to engage in activities which will foster an awareness of
careers in engmeermg and engmeermg technology . Many references
listed also, :

Reference materials for career educatmn

3. Can 1 Get the Job? - 4., The Fngineering Team

5, Can I Be a Technician? 6. Can I Be a Draftsman?

7.  Can I Be an Engineer? 8. Planning Your Career

‘9. So You Want to go to Work 10,  What's it Like to be a Technician?

11, What's it Like to be an 12, Kodak Eng'ineers at Work .
Engineer? '

13. Quincy Looks Into the Future 14. A Piece of the Actlon
15, You Can Get a P1ece of the 16. ‘A Career in Metallurgy
Action ,
17.  Aeronautics _ 18, Career poster
19. Black Americans in Science 20, Employment Outlook -
, and Engmeermg , g
21, The Metallurglcal Engmeermg 22, "ngh School Level Information
- Technician . - . -.on Metals .
23, NASA Langley Research ' 24, Free fiims’
- Center information : :

The Ca.reer Awareness Kits are available for your use through Directors..
of Gu1dance in the followmg sohool systems: ' ' '

' Chesapeake = Norfolk
Hampton = . .. . Portsmouth
- Newport News _ o V11~gm1a Beach "

g York County

. -For further detalls, conta’.ct' SR S A T
James A, Jacobs, Mechamcal Deagn Tecb ;olog'v
' Norfolk State College Phone' 623 8104

Thomas F Klldu.ff Mec:hazucal Technology LD
: Thomas Nelson Gommumty Go]lege Phone! - 235-3294
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Instructor's and Counselor's Guide fo
Usage of the Technical Education Component (TEC)
on Materials Technology
by James A. Jacobs and Thomas F, Kilduff

Background

This couniry is facing a serious shortage of engineers and engineering
technicians. Present college enroliments reveal the shortage will continue
for at least the remain.ler of this decade. Paradoxically, oversubscribed
enrollments in many curricula such as the social sciences and education
indicate a plethora of graduates to fill limited job vacancies. In the case
of the technician/technologist careers, the public seems generally uninformed
of the opportunities. Minorities and females, especially, seem unaware of
the rewards (financial, social esteem, and challenge) available to them as
engineering technicians. Concurrent with this situation is the lack of
emphasis in high school industrial education programs on engineering
materials, Many students pass through three or four years of industrial
arts and/or vocational education without gaining basic knowledge of the
nature of materials of manufacturing even though they gain skill in
materials processing. The instructional and guidance materials developed
in this TEC are a product of several years of research and development by
the authors. The two broad goals of the TEC are (1) to improve career
awareness of and orientation to engineering technology by students and
educators and (2) to provide students and educators with Self-pacing
Technical Education Modules (STEMs) that present opportunities in certain
phases of engineering technology.

Copies of the TEC are supplied to the school districts in the Tidewater
area. If the supply of materials, such as slides, tapes, or booklets, proves
to be inadequate, the authors encourage the duplication with any means
available of all materials in the TEC, Please note some of the resource
material, such as that developed by General Electric, General Motors, or
the American Society of Metals, is available free or with minimal cost in
classroom quantities; complete ordering information is listed in the Self-
pacing Technical Education Packages (STEPs).

Guidance and Classroom Usage

The STEPs utilize current learning theory with emphasis on self-
pacing and individualizing instruction to meet the individual needs of
students. After a brief introduction by a guidance counselor or instructor,
a student should be able to move through each STEP with a minimum of
assistance. It may be desirable to show the slide/tape presentations to an
entire class, but they are also designed for use in study carrels,



Industrial educators at the secondary school level may decide that the
STEPs on materials technology are in too much detail for the majority of
their students. In such a case, there are numerous activities designed to
provide "hands-on" exploration of materials.

For those students who feel sufficiently motivated to meet the objec-
tives of 2 complete STEMs (consisting of 2 to 4 STEPs), they will be
awarded a "Future Technicians' certificate, Norfolk State College, Depart-
ment of Mechanical Design Technology, and NASA--Langley Research Center,
Educational Programs Office, will award the certificate to any student whose
instructor certifies he has mastered 80% of the objectives of each STEP in
any 2 STEMs, Mastery should be determined by a post-test that covers the
objectives of a STEP,

TEC Or ganization

The Technical Education Component (TEC) is an instructional system
consisting of Self-—pacmg Technical Education Modules (STEMs) encompassing
broad topiecs in materials technclogy These STEMs are further broken into
Self-pacing Technical Education Packages (STEPs) which are self-contained
units (rationale, objectives, programed learning activities, and references)
that are designed for individualized instruction using discrete small
segmentation to provide continuous feedback to the student and thus provide
ample motivation and reinforcement. The organization into STEMs and STEPs
provides this instructional system with flexibility, i.e., it is possible to
add or delete STEMs or STEPs without affecting the total TEC’s completeness.
Also, any given STEM or STEP can be used to supplement instructional
components other than this TEC, e.g., a unit on organic chemistry or the
study of metals in an industrial arts course (see specific performance
objectives in each STEP).



"Avamlable TEC Elernents

STEM G" _ Careers in Engmeermg 'I‘echnology
S - Slide/tape presentation - Careers in Engmeermg
- Technology: Mechanical o
'STEP C-1 * Careers: Mechanmal Engmeermg Technolcgy-

STEM O Orlentatlon to Materlals
R : ‘Slide/tape presenta’cmn - Orlentaﬁon to Materlals
 Technology
“STEP O-1 Nature of Mater:tals
. STEP O~2 - Family of Materials
STEP 0-3 Propez'ﬁes of Matenals

STEM M Metalhcs

S ' e STEP M—-l:- The Nature of Metals . ;
STEP M-2 ,_,,Thermal Processing (Heat Treatmg) N
S'I‘EP M-3 ° Metallic Materlals, Production and Use '

STEM P Plasncs' S - o - B
B ~ Slide/tape presentatlon - Plastms. A Space Age‘Material

- STEP O-1 Polymerization of Plastics '
STEP 0-2  Properties of Plastms

STEP Elements

Rationale: This section develops the student's awareness of the
importance of the STEP and should motivate him/her +to study. Some slide-
tape presentations are avaﬂable to supplement the wrrtten ratlonale and glve' :
a quick review of the topics in . the STEPs. '

Oblectwes* Thess perfarmance ‘objectives detail the exact criteria- on -
whlch the student will be tested in order 'to determlne mastery of the STEPS. :

‘Alternate Learning Acthﬁes Inchvlduals learn. in dlfferent ways L
: dependmg upon their previous experiences. Three learning approaches are
.. supplied to them to accomphsh the - objechves of each STEP. The . - -
- instrictor may have other learnmg alternahves The ch01ce should be that '
of each 1nd1v1dua1 student. LT T :

- Pi-etest Some studems ma}%'v'a'lrea'dy possess. some ot all of the
-competencies. of these STEPs, . If they feel confident, allow.them to take a.

3 "_pretest Should they show mastery of some objectives and’ ot ofhers, then .
, .‘7-.‘_they should stud'y those ‘areas in which they are deficiefit, : :



‘Learning Activities: The written material is in programed instruction
based on current learning theory. ' Students should be equipped with paper-
"and pencil to write down the answers fo the programed guestions and not
write in the booklet.. -Please emphasize that they are mot graded on these
questions. ertmg the answers will reinforce their learning, Encourage '
them to be sure of the answers before precedmg. Have them pass in these
- sheets. Analysis of the students! answers can be used to improve the
instruction, The Exercises will provide additional feedback to the student
through practlc:e.: These éxercises can be done by individual students, dn-
pairs, or in small groups., It may be des:rable for the sake of time to
‘allow different teams to enpage in selected exercises after which the entite’

class discusses the resulis, PLEASE CAUTION THE STUDENTS ABDU'I‘ THE o N

NECBSSITY OF SAFETY PREGAUTIONS . Refer 10 ertten 1nstruct10n and S

_expert adv:tce about ventﬂaﬁon precautions plus protection of skin, eyes, etc.- -

Post test: - Thig is administered when the’ student feels the ub;ectwes
are masterad You may wish to develop several test forms. - It is
recommended that the student does the grading under the instructor's
. - supervision or watches the grading. This supplies immediate feedback and - _

‘reinforces learning. Should the student not master the test (a score of 80 D,

‘then. the materials, including references, can bhe restudied. Students should o SR

 be allowed to retest as often as they W:l.sh (and is practmal) untﬂ mastc-:ry is
obtained. ‘ : : . o o C e

Advanced Study: These STEPs are only introducing materials, Theve -
are many references that supply further reading plus interesting experi- .
mentation. Industry and govermnental agenc1es offer free films and o‘cher '
resources that would be of general mterest o the students. . o
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USER'S EVALUATION

We are interested in improving this TEC*., Please give us your opinions.

Title of material being evaluated {can be one or several STEPs** or the entire TEC

Name Position

Address

Circle the number which best expresses your opinion, If you desire to comment, your
feelings will be appreciated,

1. How would you rate the ability of this TEC to meet the objectives listed in the STEP?

Poor Average Excellent
1 2 3 4 5
Comment
2, If you have used this with students, how would you generalize reactions?
Unfavorable Favorable
1 2 3 4 5
Comment

3, What strong points do you find with this TEC?

4., What weak points do you find with this TEC?

5, How did you use the TEC with your students?

6. What improvements would you suggest for this TEC?

7, Other comments that aid in the evaluation and improvement of this TEC:
8, De you consider this TEC a valuable aid for supplementing your instruction or
counseling?
Yes No Other

* Technical E__ducatioﬁ Component

Please fold, staple, & mail
#* Self-pacing Technical Education Package e P



JAMES A, JACOBS, HEAD
MECHANICAL DESIGN TECHNOLOGY
NORFOLK STATE COLLEGE
NORFOLK, VA 23504

Please fold, staple, and mail



A CAREER EXPLORATION KIT
GRIENTATION T8
MATERIALS TECHNOLOGY

DEVELOPED AT NORFOLK STATE COLLEGE
MECHANICAL DESIGN TECHNOLOGY
BY
JAMES A JACOBS & THOMAS F KILDUFF
WITH THE SUPPORT OF
N.AS.A. LANGLEY RESEARCH CENTER
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POLARIZED STRESS DEMONSTRATCR

Corner detail
L_I“.._I
stress boft --——)—l

POLARIZED.A—
ALM (2pcs.)

It is possible to observe stress which is the effect of force in a material with a
polarized stress demonstrator. Construct a frame similar to the one shown
above, The frame can be made of 5/8" square aluminum bar stock and bolted
together after 1/16" grooves are milled as shown. The polarized film is inserted
in grooves on both sides of the frame. Specimens of various shapes cut from }"
polarized plastic stock is mounted in the frame. Screws or bolts are used to
apply stress. Noiches and holes in the specimen will show stress concentrations
as will points in which the specimen is placed in compression, tension, or
torsion. Light is polarized through film and dramatically shows stress concen-
trations in various colors. The frame can be placed on an overhead projector
for a group demonstration. The polarized plastic film and polarized plastic bar
stock can be ordered from Photolastic Co., 67 Lincoln Highway, Malvern, PA 19355,

152



ACTIVITY 2: To better understand
stress, try to push the eraser end of your
pencil through a sheet of paper. Now try
the pointed lead end. You used about
STUP the same amount of compressive force

N\ with both ends of the pencil, but the
pointed end gave much more stress .
because the force was concentrated
on a smaller area,

Strain can be permanent, and the material will take on plastic deformation

when the stress (force) is released. Plastic deformation or plastic strain is a
permanent change in the shape of a material. This is due to stress stretching
the atomic bonds of the material until they break. If the atomic bonds hold and
the part returns to its original shape when the stress is removed, we label that
elastic deformation or elastic strain.

PLASTIC . PLASTIC

STRAIN DEFORMATION

STRESS STRESS
REMOVED

NO STRESS

- DEFORMATION ~ ——

Y
STRESS

16



STRENGTH OF MATERIALS TESTING MACHINE *

This machine can be used to test the strength of beams in the "Beam Design
Contest" or to test the strength of other specimens. It has been used to break
a 12 gram beam with 85 kilograms (188 1bs.) of nails in the bucket.

Materials:

1/2" - 5/8" water pipe, 4 ft. long

7/16" diameter or larger rods (ring stand rods)
Pipe supported by heavy wire

Angle bracket - clamp to table

Paint bucket and nails for weight

Moo >

oY

/S

AN
> 3
R BENCH é E
RS S A
~ ﬁ* =

KDESK o
. TSERR
E\D ¢ : & i

e )
" NOTCH EVERY 5 CM

USE “C” FOR FULC -
CLAMPS TO ; 40NOTC,HE‘;UM he
BALANCE P 13
'\{’ :
B 4
ib-_:i:""‘"" o5 | TEST FRAME
**9::1"
gt i D T ROBD LOGCATIONS

= TEST BEAM

* From "Materials and Technology Curriculum Project" - T. G. Stoebe
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9. Hardness (Brittleness).

A material's ability to resist penetration or abrasion
(rubbing) is the property of hardness. Hardness is dependent upon bonds
between crystals or molecules. For example, both diamonds and the graphite
in your pencil are carbon; but the differences in the bonding and atomic
structure make the diamond very hard and graphite very soft.

Carbon is a very important ingredient for making steel (an alloy of iron
and carbon) hard. A very small percentage of carbon can increase the hard-
ness of steel to a very high degree. Just adding carbon to iron and heat
treating it makes the alloy very hard and brittle. Brittleness in a material
causes cracking or breaking without much plastic deformation. For example,
a common piece of glass is brittle and does not stretch very much before it
easily breaks. Alloying elements to metals, ceramics, and composites is one
way of increasing hardness. Changing polymers from amorphous to crystalline
structures can also increase hardness. Techniques for increasing hardness
will be discussed in other STEP's.

We test the hardness of a piece of material by scratching it with another
material or by applying compressive stress to see how far it can be penetrated
by another object. The names of these hardness tests include Mohs' (scratch
test), Rockwell, Brinell, Vickers, Microhardness, and Scleroscope.

Rockwell Hardness Tester
(hardness test by penetration)

32
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Mohs’ Hardness Scale

STANDARD  [MOHS| ROCKWELL BRINELL COMMON TYPICAL
MINERAL | NO. NO. NO. OBJECT MATERIALS
DIAMOND 10

CORUNDUM

OR 9 SPARK PLUG CERAMICS
SAPPHIRE e
C-70-80 : CUTTING TIP |TUNGSTEN CARBIDE
ToPAZ 8 ¢-65-70 745-800 SAW BLADE  |TOOL STEEL
QUARTZ 7 C-58- 65 HAND TOOL | HARDENED STEEL

FELDSPAR 6 GLASSWARE GLASS

APATITE 5 KNIFE BLADE STEEL
C-20-30 4 TIN CAN ANNEALED STEEL

FLUORITE 4 B-70-90 230-280 PENNY COPPER
CALCITE 3 H-50-80 20-45  |STORM WINDOW ALUMINUM
GYPSUM 2 | 10-40 FINGERNAIL PLASTICS

TALC | H-20-30 | SOLDER LEAD

A “ (S: i o2 !

TEST
Es A D\“fM?N? STEEL BALL
WITH: T B&H
¢ | sTEEL BALL

S0t



ACTIVITY 6: HARDNESS TESTS

a. Study the Mohs' Hardness Scale on
page 33 which compares the hardness of

s'rop minerals with common objects, Obtain
some of these materials and see which
ones can scratch the others.

Consiruct either a "rebound" hardness tester or a "penetration” hardness
tester as shown in the sketches. Collect various materials to compare
their hardness.

With the penetration test, have a student stand with full weight on
the steel plate or use a 20 pound weight. Measure the diameter of the
indentation produced by the penetration of the ball bearing. The softer

. materials will allow greater penetration. However, some materials such

as nylon will only elastically deform and will not retain the dent.

!

4 STEEL PLATE,

S e
| J

SPECIMEN * \- !

16" BALL
BEARING
With the rebound test device, _
be sure the object is firmly held next .
to the plastic tube. Drop a ball bearing

(al‘::proxim.ately 3/8" diametfar) on the. su \-gg‘i\ﬁ.\ﬂ(;
object. With a grease pencil or felt tip Qp. B

pen, mark the height of the ball as it L'nggl'c— B

rebounds off the specimen. Repeat b B

three times for each specimen. Record = MARMN
each height reached. Then calculate -4 EACH ‘z
the average to insure a truer value. THOUMB ]

In this test you are measuring the SCREw - | TUBE
elastic resistance to penetration. The :

higher the ball bounces, the harder
the material. e

34
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c. See references for photos, diagrams, and explanations for the following
hardness tests: Rockwell, Brinell, Vickers, Microhardness, and
Scleroscope.

10. Impact Strength (Toughness).

While hardness is a desirable property of a material,

it does not automatically give us everything we desire in an engineering
material. Remember we said earlier that glass was harder than many metals.
But what happens when we hit a piece of common glass with a piece of softer
material such as wood? That sudden hitting of glass, impact, usually causes
it to fracture. Impact is a dynamic test of materials to determine if they are
tough. Toughness or impact resistance is that ability of a material to absorb
energy (sudden stress) and to plastically deform without fracturing (breaking).
Contrast toughness with hardness. Hardness prevents plastic deformation

i

35



by resisting penetration when stress is applied. Toughness absorbs the
energy by allowing atoms, crystals, or molecules to slip and deform. Materials
that have good ductility, malleability, or plasticity are normally tough.

Later we will study how alloying can achieve both hardness and impact
resistance. Also in the polymerization process, it is possible to produce a
fair degree of hardness and toughness in polymers. For example, advances in
plastics technology have provided eyeglass wearers with plastic lenses almost
as hard as glass, but tougher and much lighter.

ESV FRAME &

(FINAL DESIGN) /7

INF # BER
REINFORCED #2 CROSSMEMBE REINFORCED

ZLY" REAR RAIL

REINFORCED *3
CROSSMEMBER . ENTER RAIL

NERGY ABSORBER

:,\ -3 7 -
\ : / ) \W
T n
€ ) REINFORCED FRONT '
“ 4 TORQUE BOX
~FRONT RAIL
ENERGY ABSORBER ENERGY ABSORBER

SECTION

This automobile frame was designed by Ford Motors as part of the Experimental
Safety Vehicle (ESV) program conducted by the U. S. Dept. of Transportation.
The design is intended to absorb impact and reduce injury to the passengers.

Toughness or impact resistance is measured by impact machines that
perform Izod or Charpy impact tests. These tests involve swinging a heavy
weight into a specially prepared material specimen. The impact strength is
a measure of the amount of energy in foot pounds (ft. lbs.) that the material
absorbed as the weight sheared off the specimen.

See references for photos, diagrams,
and explanations of the Izod and Charpy
impact tests.
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COURSE REQUIREMENTS
TEC 145 - Materials and Processes of Industry

This course was developed on the basis of current learning theory including
a belief that " . . . most students (perhaps more than 90%) can master what we have
to teach them, and it is the task of instruction to find the means which will enable
them to master the subject under consideration," *¥ Through the use of research
and application of educational technology, this course is designed to insure that you
master the objectives of the course--that is, pass the course. But it is up to you,
the student, to follow the instructions to insure your passing.

Evaluation
There will be no guessing about what you will be responsible for to pass the
tests and meet other course requirements.

1. Each module or unit of this course is broken into learning packages
known as Self-pacing Technical Education Packages (STEPs). You are to read the
objectives in each STEP to find out exactly on what you will be tested. Then follow
the learning activities in the STEP at your own pace until you are ready to show
that you have mastered the objectives covered on the post-test.

To receive a "C" grade, you must show mastery or score 80% on every
post-test given, If you do not achieve an 80% on a post-test, after your problems
have been diagnosed, you can recycle through the STEP and prepare for another
post-test,

2. To receive'a "B" grade, you must (a) master (80%) of all post-tests
and (b) complete a film review or film review make-up for all but one of the films
shown in the class.

3. Learning activities, in addition {o programmed texts that you study,
have been included in each STEP to assist you in understanding the concept
being studied; you should do many of these activities.

To receive an "A" grade in the class, you must (a) master (80%) of
all post-tests, (b) complete a film review on all but one film shown, and (c)
accumulate 25 points for activities listed in the STEPs.

Points will be assigned to activities by the instructor and can vary
from 1 point for completing some sketches to more than 5 points for conducting an
experiment.

Aok Benjamin §. Bloom and others. Handbook on Formative and Summative
Evaluation of Student Learning. New York: McGraw-Hill, 1971, pg. 43.
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A Workshop for Tidewater Counselors
CAREER COUNSELING FOR TECHNICAL STUDENTS
December 3, 1975 - 9 AM to 12
Lecture Hall - Technical Center, Norfoli State College
(on corner of Park Avenue and Corprew Avenue)
Workshop Director ~ James A, Jacobs - Phone: 623-8104

9:00-9:15 Coffee & Greetings:
Dr. Harrison Wilson - President, Norfolk State College
Dr. James Bowser - Chairman, Dept. of Industrial Education
and Technology, Norfolk State College

9:15 -~ 10: 45 Panel Presentation:

1) Mr. Samuel J. Scott ~ Staff Assistant to Director - Structures,
NASA Langley Research Center
"The Engineering Technician"

2) Mr, B. L. Skeens - Chief Design Engineer, Design D1v151on,
Newport News Shipbuilding & Dry Dock Company
"The Engineering Technician®

3) Mr. John Cook - State Supervisor of Guidance, Commonwealth
of Virginia ~ "A Career Counseling Model"

4) Dr. Elizabeth Morgan - Director of Counseling, Norfolk State
College - "The College Counselor's Perspective"

10: 45 - 11: 00 Interaction with audience - led by Dr. Joseph Ford, Head,
Department of Technology, Norfolk State College

11: 00 - 11: 15 Coffee and doughnuts

11:15 - 12: 00 "A Model individualized Learning Package for the Technical

Student" - James A, Jacobs, Head, Mechanical Design Technology,
Norfollc State College; Thomas F. Kilduff, Head, Mechanical
Technology, Thomas Nelson Community College; NSC Students

The following materials* will be given to the attending counselors to be used as a
supplementary resource for their counseling:
1. A Self-pacing Technical Education Package on Careers in Engineering Technology

2. Kits of slides, tapes, film list, learning packages, resource lists, and
reference books.,

*Developed through a research grant from NASA Langley Research Center
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The following two 30-minute programs will be shown on WHRO
Channel 15 at the times indicated. The series is intended as career
education for educators, counselors, students and the general public.
Part I is aimed more at the adult audience; and Part II should be of interest
to high school students, educators, and the general public.

For further information or to arrange another time for the airing of
these programs, contact Mrs. Grace Waters, WHRO, phone: 489-9476,

CAREER COUNSELING SERIES
PART I ~ "A MODEL FOR CAREER COUNSELING"

Introduced by James A. Jacobs of Norfolk State College, a model for
career counseling is presented by John Cook, Supervisor of Guidance,
Virginia State Department of Education. Next, Dr. Elizabeth Morgan,
Director of Counseling, Norfolk State College, presents the college
counselor's perspective on career counseling.

To be aired:
Friday, January 2 9 AM
Tuesday, January 6 3 PM

CAREER COUNSELING SERIES
PART I - "CAREERS IN ENGINEERING TECHNOLOGY"

A group of industrial and educational representatives present slides
and information on the preparation for careers in engineering technology and
the nature of these careers. Panel: Thomas Kilduff, Thomas Nelson
Community College; B. L, Skeens, Newport News Shipbuilding and Dry Dock
Company; Samuel Scott, NASA - Langley Research Center; and James A.
Jacobs, Norfolk State College. Viewers are given information on how to
obtain resources related to career education.

To be aired:
Tuesday, January 13 §:30 AM
Wednesday,; January 14 11:25 AM
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A Workshop for Tidewater Industrial/Technical Educators
IMPLEMENTING INDIVIDUALIZED INSTRUCTION IN INDUSTRIAL/TECHNICAL EDUCATION
December 15, 1975 - 7 ic 10 PM
Lecture Hall - Technical Center, Norfolk State College
(on corner of Park Avenue and Corprew Avenue)
Workshop Director - James A. Jacobs - Phone: 623-8104

7: 00 ~ 7:15 PM Greeting:
Dr, James Bowser, Chairman
Department of Industrial Education and Technology

Dr. Joseph Ford, Head
Departinent of Technology

7:15 - 8: 00 PM "Implementing Individualized Instruction in Industrial/Technical
Education"
Dr, Paul W. DeVore
Technology 'Education Program
West Virginia University
Morgantown, West Virginia 26506

8: 00 - 9: 00 PM Group activity & reaction to Dr. DeVore's presentation -
Group leaders:
Mr. Thomas Hughes - State Industrial Arts Supervisor
Mr. Clifton Randolph - Great Bridge Industrial Arts Dept.
Dr. Arlington Chisman - Hampton City Schools Director of
Vocational Education
Mr. Armand Taylor - Virginia Beach City Schools Industrial
Arts Supervisor
Dr. Joseph Ford

9: 00 - 9:15 PM Coffee and doughnuts
9:15 - 10: 00 PM "A Brief Explanation of a Technical Education Component (TEC)

on Materials Technology" -
James Jacobs and Thomas Kilduff

The following materials® will be passed out for use as supplementary teaching

resources:

1. Self-pacing Technical Education Packages on Materials Technology

2. Kits of slides, tapes, specimens, film list, learning packages, demonstiration
devices, resource lists, and reference books on materials technology and

industrial arts.

*¥Developed through a research grant from NASA Langley Research Center
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JUROR'S EVALUATION OF STEP* ON
BASIC MATERIALS SCIENCE

TITLE OF STEP DATE

EVALUATOR'S NAME | TOB TITLE OR POSITION

JOB CLASSIFICATION (e.g., ___ YEARS OF EXPERIENCE IN FIELD AND
engineer, technicians, etc.) LEVEL OF EDUCATION

PROFESSIONAL MEMBERSHIPS

(Please use back to claborate on comments)

1, Are the objectives appropriate?
1 2 3 4 5
very much inappropriate
COMMENT

2. Is the information accurate?
5 4 3 2 1
inaccurate accurate
COMMENT

3, What weakness do you find in this STEP?

4, What strengths do vou find in this STEP?

5. How would you improve this STEP?

6. Other comments:

* §_e1f~pacing Technical Education Package



USER'S EVALUATION

We are interested in improving this TEC*¥., Please give us your opinions.

Title of material being evaluated (can be one or several STEPs** or the entire TEC

Name Position

Addrass

Cirele the number which best expresses your opinion. If you desire to comment, your
feelings will be appreciated.

1. How would you rate the anility of this TEC 0 meet the objectives listed in the STEP?

Poor Average Excelient
1 ! 3 4 5
Comment
2. If you have used this with students, how would vou generalize reactions?
Unfavorable Favorable
1 2 3 4 &
Comment

3, What strong points do you find with this TEC?

4, What weak points do you find with this TEC?

a. How did you use the TEC with your students?

6. What improvements would you suggest for this TEC?

7. Other comments that atd in the evaliation and improvement of this TEGC:
8. Do you consider this TEC a valuable aid for supplementing your instruction or
counseling?
Yes No Other

* Technical Education Component

Please fold, staple, & mail
*#* Self-pacing Technical Education Package P
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JAMES A, JACOBS, HEAD
MECHANICAL DESIGN TECHNOLOGY
NORFOLK STATE COLLEGE
NORFOLK, VA 23504

Please fold, staple, and mail



APPENDIX C

CONSULTANT'S EVALUATION
STUDENTS' EVALUATION
BUDGET
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An Evaluation Report
an

"A Research Project to Develop
and Evaluate a Technical Educa=
tion Component on Materials
Technology for Orientation teo
Space Age Tecnnology”
{NASA GRANT NSG-1073)

by
Paul W. DeVore

December 22, 1975

The following report constitutes a summary of selfected
fadlors considered critical to the research project and dis-
cussed in detail with James A, Jacobs and Thomas F. Kilduff,
project investigators, on December 15, 1975.

I. General Assessment

The project overall is well conceived and developed,
The goal of the project, namely, "Produce a prototype Selif-
pacing Technical Education Module on basic materials technology
that can be tested in high schoo! and freshman college classes

to determine its ability to orient young people, especially

females and minorities, to space age materials while moti-

vating them to pursue careers in mechanical technology,® was
achieved, -

The organization of the program into several! STEMs
(8elf=pacing Technical Education Modules) including (1) Careers
in Engineering Technology, {2) Orientation to Materials,

(3) Metallics, and (4) Plastics provides a well structured

easily understood and manageable teaching-learning package.
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The learning modules are designed to attain the goal
of self-pacing. Although data from field testing is limited
in this aspect, indications are that the self-pacing will
work. The problem of testing the program, as designed,
concerns limitations inherent in traditional scheduling
modes extant with current administrative practice. Full
utilization of the program will require changes in the
administrative structure of the institutions using indi=-
vidualized instruction, changes in the structure of on-going
curriculums and the retraining of teachers. With respect to
the latter, it was obvious that special training programs
will need to be established to teach teachers how to manage
the 8TEP program and the materials associated with the
system. Also, the efficiency of a program such as STEP
will depend in large measure on the development of a hier-
archy of personnel specially trained to function in specialized
roles required by the system in a continuous use mode,

With respect to teachers, it is the experience of this
consultant that high school teachers are extremely limited
in their knowledge and understanding of materials. There~
fore, retraining of teachers will be a critical variable

in the success of the system.

II. S8Specific Assessments

8TEM C Careers in Engineering Technology slide/tape
presentation

In general, the slide/tape presentation meets the goal

of career awareness tvor mechanical technology.
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1t is recommended that attention be given to the -

following factors:

T
2.
3.

7.

Ba

Quaiity of the siides,

Pace of the tape recording.

Amount of detail. This is perhaps the most
critical factor. It is recommended that the
slide/tape presentation be revised and divided
into une overalil presentation on careers in
general followed by separate slide/tape
presentations on specific careers within
engineering. Sections on materials, materials
testing, investment castings, and other categories
are too specific for the goal of the slide/tape.
Omit scientist section. 8Scientists are seldom
direct members of an engineering team.

Oomit re;earch section, particularly that refer-
ence on "how to do research." *"How to do research"
would be another slide/tape presentation.
Length. 1In general, a 10~ fo 12-minute time
perfod is best for the target group of the
project. Seé recommendation 3 above.
Communication skills. These skills are critical
to any career. It is recommended that more time
and attention be focused on this section or a
speqial section prepared,

Engineering Design Team. This topic is rather
complex and probably should be presented as a

separate topic.
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STEM P Plastics
glide/tape presentation--Plastics

The slide/tape presentation on Plastics serves as a
good introduction to plastics as a space age material. A
well developed introduefory unit.

Attention should be given to the following items:

1. Quality of slides.

2. Entry level knowledge of studer's. The unit on
molecular structure does present a rather rapid
transition,

3. Pace of tape. May be too Tast. Many new terms
are jintroduced. The presentation moves from an
information only presentation to a technical
discussion.

4, Length of Unit. Probably could be divided into
several units including an introductory unit.
For instance, if the goal is to teach about the
selection of a correct plastic material for a
aiven application, then a separate slide/tape
presentation would be appropriate. Same with
topic on oil and conservation. 8o too the use
of plastics by NASA,

5. What are plastics? This should be a separate
unit of 10-12 minutes in length,

The ide; of a slide/tape presentation to accompany the

Self-pacing Technical Education Packages is excellient and

the effort should be continued.
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STEPs

General Comments

The STEPs are well designed and contain good illustra-
tions of specific concepts relating to materials.

The primary recommendation for imprcvement, contingent
on the results of field testing, is that consideration be
given to revising the manner in which the objectives are
stated. Some statementis listed under objectives ;re not
objectives. They are activities for students. It may be
of assistance if the STEPs were organized as follows.

1« Statement of Rationale of Area of Study.

2. Statement of Overall Goals, 8pecific Goals.

3. Selection of instructional objectives and sub-
objectives which will assist in attainment of
goals.

L, Selection of activities for the attainment of
each sub~objective and objective,

5. Determination of level of attainment expected by
each student as a base for development of evalu-
ation procedures.

6. Focus on "what a student will know and be able
to do" at the completion of each part of the
program as well as each part of the program of
study.

It is also recommended that the introduction to the

STEPs focus on the concepts being taught. For instance,
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deformation is a sub~concept relating to overall or general

concepts about atomic and crystail structure. By revising
the STEP program to focus on concepts, the overall efficiency
of the packages will be improved. Objectives witl be logically

jdentified as will the activities to accomplish the objectives,

Other Recommendations and Comments

A. The program of study should be further developed and
field tested with several levels of students.

B, The evaluation of the program will necessarily be non-
parametric in the development stages. During the
development stage a controlled test-re~test statistical
analysis is premature. What is being developed is a
unique system which should not be hampered by excessive
statistical analysis at this stage of development.

C. The next stage of development should be the refinement
of the system and the testing of the system against
the objectives. It is for this reason that it is
recommended that the objectives be rewritten., 1In
their present form,; for the most part, no appropriate
assessment procedures can be designed.

D. Each STEP shoulfd contain statements about what a student
will know and be able to do after compietion of the unit
or sub-unit of study.

E. Funds should be provided for {a) the revision and refine-
ment of the STEPs, (b) field testing of the revisions,
and (c) evaluation of the effectiveness of the STEPs

measured against the goals and objectives of the program.
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Fo Finally, it is highly recommended that efforts be
contirnued to implement and test the program in public

schools and colleges.

Submitted by Pauil W, DeVore
December 22, 1975
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TABLE XI
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS®
EVALUATION OF STEP c-1

9

How would you rate the ability of this STEP to teach you?

Poor Average Excellent
1 2 3 4 5
0% 2% 56% 38% 4%

Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
0% 6% 30% 43% 21%

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5
0% 6% 34% 41% 19%

Were the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
0% 6% _ 28% 51% 15%

—r

How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 5
0% 15% 19% 31% 35%

Check the statement which best describes the way the entire STEP was
writien.

gg_too much jargon 2% poorly written
44% well written 38% concise and to the point

6% confusing 10% other
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TABLE XII
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS'
EVALUATION OF STEP_O-1

How would you rate the ability of this STEP to teach you?

Poor Average Excellent
1 2 3 4 5
0% 2% 42% 45% 11%

Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
0% 0% 27% 44% 29%

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5
0% 2% 33% 41% 24%

P—r mam— geee——

Were the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
0% 4% 38% 47% 11%

How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 5
0% 2% 24% 36% 38%

——t

Check the statement which best describes the way the entire STEP was
written.

0% too much jargon 0% poorly written
45% well written 38% concise and to the point

4% confusing 13% other

it sy
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TABLE XIII
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS'
EVALUATION OF STEP Q-2

2.

How would you rate the ability of this STEP to teach you?

Poor Average Excellent
1 2 3 4 5
0% . 2% 31% 44% 23%

Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
0% 0% 18% 49% 33%

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5
0% 4% 29% 36% 31%

Were the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
0% 4% 31% 51% 14%

How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 5
2% 0% 18% 40% 40%

Check the statement which best describes the way the entire STEP was
written.

0% too much jargon 0% _poorly written
73% well written 27% concise and to the point

% confusing 0% other
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TABLE XIV
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS'
EVALUATION OF STEP O-3 ‘

How would you rate the ability of this STEP to teach you?

Poor Average Excellent Blank
1 2 3 4 5
0% 11% 47% 37% 5% 0%

Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
0% 5% 32% 36% 24% 3%

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5
0% % 47% 40% 13% 0%

Were the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
0% 0% 32% 57% 11% 0%

How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 5
0% 8% 26% 46% 20% 0%

Check the statement which best describes the way the entire STEP was
writien.

5% too much jargon 3% poorly written
41% well written 24% concise and to the point

5% _corifusing 8% other
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TABLE XV
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS'
EVALUATION OF STEP P-1

1,

How would you rate the ability of this STEP to teach you?

Poor Average Excellent
1 2 3 4 5
0% 3% 44% a7% 6%

Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
0% 0% 34% 47% 19%

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5
3% - 11% 32% 46% 8%

Weve the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
0% 0% 53% 33% 14%

How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 .5
0% 7% 30% 41% 22%

Check the statement which best describes the way the entire STEP was
written.

39% too much jargon 0% poorly written
22% well written 30% concise and to the point
0% confusing 0% other

_ 9% blank



126

TABLE XVI
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS'
EVALUATION OF STEP P-2

9.

How would you rate the ability of this STEP to teach you?

Poor Average Excellent Blank
1 2 3 4 5
6% 17% 34% 31% 9% 3%

Were the objectives or reascns for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
10% 6% 31% 25% 25% 3%

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 - 5
0% 17% 37% 20% 23% 3%

Were the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
5% 5% 32% 35% 17% 6%

How would you compare this type of teaching maferial to regular textbooks?

Worse Same Better
1 2 3 4 5
6% 11% 26% 28% 26% 3%

Check the statement which best describes the way the entire STEP was
written.

0% too much jargon 0%_poorly written
15% well written ° 25% concise and to the point
45% confusing 0% other

15% blank
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TABLE XVIiI
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS!
EVALUATION OF STEP M-1

ar——vany

How would you rate the ability of this STEP to teach you?

Poor Average | Excellent
1 2 3 4 5
% 8% _36% 37% 19%

Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
0% 3% 23% 40% 34%

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5
0% 13% 19% 41% 27%

Were the exercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
% 5% 31% 38% 26%

How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 5
0% 0% 10% 49% 41%

At st

Check the statement which best describes the way the entire STEP was
written,

2% too much jargon 0% poorly written
2% well written 20% concise and to the point
13% confusing 2% other

11% blank



128

TABLE XVIII
SUMMATION OF NORFOLK STATE COLLEGE STUDENTS'
EVALUATION OF STEP M-2

How would you rate the ability of this STEP to teach you?

Poor Average Excellent
1 2 3 4 5
9% 275, 36% 27% 1%

Were the objectives or reasons for studying this STEP clear to you?

Unclear Fairly Clear Very Clear
1 2 3 4 5
9% 36% 18% 36% 3

Were the technical words well explained?

Poor Average Excellent
1 2 3 4 5
27% 9% 36% 27% 1%

Were the zxercises useful in understanding this subject?

Poor Average Excellent
1 2 3 4 5
0% 20% 50% 30% 0%

How would you compare this type of teaching material to regular textbooks?

Worse Same Better
1 2 3 4 )
0% 0% B5% 36% 10%

—r—

Check the statement which best describes the way the entire STEP was
written.

9% too much jargon 0% poorly written
55% well written 18% concise and to the point

0% confusing 18% other
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STUDENT EVALUATION OF TEACHING

Instructor: Course:
Instructor's Name Course Listing

Using the scale A=Excellent, B=Good, C=Average, D=Poor, F=Failing, rate
your instructor on each item by circling the letter that most nearly expresses
your view, Add Comments,

1. Does your instructor seem to enjoy teaching your class? ABCDF
2. Does your instructor appear to know his subject matter? ABCDF
3. Does your instructor seem enthusiastic about teaching? ABCDF
4, Is your instructor concerned about your learning? ABCDF

5. Does your instructor seem concerned about the

feelings of the students in your class? ABCDF
6. Is the class time well used? ABCDF
7. Are the tests given by your instructor consistent

with class presentations or objectives? ABCDF
8. Do you lock forward to coming to this class? ABCDF
9. Does your instructor appear to be aware of current

developments in the subject area? ABGCDF
10, Do you feel that the instructor grades you fairly? ABCDF
11. Does your instructor encourage you to seek his help? ABCDF
12, How well are class presentations organized? ABCDF
13, Is the instructor fair in his dealing with you? ABCDF
14, Did your instructor stimulate your interest in this subject? ABCDF

15, Would you be hesitant to express an idea contrary to
that of your instructor's? YES NO

16. How would you rate the teaching effectiveness of your
instructor? ABCDF

Please give your suggestions for ways to improve this class (use back of page).



PHASE ONE

Budget = July 1, 1974 ~ December 1, 1974

I. Personnel:

James A. Jacobs
Thomas Kilduff
Typist
2 student assistants
for 10 hours/week @ $3.00 p/hr.

Fringe Benefits @ 12% (excluding
student assistants)

Personnel Total

II. Services and Materials

A,
B.
c.

35mm f£ilm and processing

Audio tape and processing
Illustrations and binding,
printing

Paper, magnetic cards, and
miscellaneous office supplies
Travel

Telephone

Services and Materials Total

III. Equipment

A‘

Bl

c.

D.
E.

35mm copy camera and
accessories

IBM Mag Card Executive

(Rental @ $235/mo.)

Cassette tape recorder/pulser
and duplicator

35mm projector

Cassette tape player (2)

Equipment Total

Total - Direct Cost

Indirect Costs @ 34.27 of total
Direct Costs. Negotiated rate with N.S.F.

as negotiator. $8,298.97

NASA Share
Norfolk College Cost Sharing

TOTAL PHASE I

$ 7,500.,00
4,250,00
2,700.00

1,560.00

1,734.00

425.00
250.00

950.00

435.00
747.00

155.00

850.00
1,410.00

925.00
283.00

_92.00

3,639.90

4,659.07

75Z
50%

130

$17,744.,00

2,962.00

3,560.00

24,266.00

$27,905,97

ke Attt reiamra et
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Phase Two
Budget

Jaﬁuary 1, 1975~July 31, 1975

Personnel

fz:muom':r»

Project Director (three~fourths time)
Assistant Researcher

Typist (part-time to meet project needs)
Fringe Benefits @ 12% for A,B & C

One student laboratory assistant

Fringe Benefits for student @ 5.85%

Personnel Total

Services and Materials

Al

-

CO ~1 G~ N W N

- O UL R 0 DY

Services

35mm slide duplication

audio tape conversion

composing and editing
illustrations

kit fabrication

printing, graphics and packaging
travel

telephone

Services Total
Materials

35mm film

audio tape

demonstration material

mag cards

metallic and non-metallic specimens
prepared audio visual kits

office supplies & resource material

Materials Total

$ 6,228.00
4,970, 00
2,060.00
1,591.00

675.00
_40.00

443,00
245,00
75.00
160.00
185. 00
1,500.00
850.00
191.00

3,649.00

250,00
175.00
314.00

49.00
250.00
350.00
135.00

1,523.00

Services & Materials Total

131

15,564.00

5,172.00
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II. Eguipment
A, Mag Card Word Processor

(rental @ $235/mo) 1,410.00
B. Calculator and Recorder and camera

accessories 429.00

C. Testing Equipment 750,00
Equipment Total 2,589.00
Total Direct Cost 23,325.00
Indirect Cost @ 31.,4% of salaries & wages (negotiated with NSF) 4,347.00
Total Project Cost 27,672.00
Norfolk State College Cost Sharing 2,174.00
Amount Requested from NASA 25,498.00

Requested Initial Payment
Amount Requested During 1st Quarter (Jan. 1 - March 31,1975) $10,991.00
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PHASE THREE
BUDGET

August 1, 1975 -~ December 31, 1975

Personnel

PEoOw P

Project Director (three-fourths time)
Assistant Researcher

Typist (part-time to meet project needs)
Fringe Benefits @ 12% for A, B & C

One student laboratory assistant

Fringe Benefits for student @ 5.85%

Personnel Total

Services and Materials

>

-
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Services

35mm slide duplication

audio tape conversion

composing and editing
illustrations

kit fabrication

printing, graphics and packaging
travel

telephone

evaluation consultant

Services Total
Materials

35mm film

audio tape

demonstration material

mag cards

metallic and non-metallic specimens
prepared audio visual kits & publications
office supplies & resource mafterials

Materials Total

$ 6,750.00
5,277.00
2,521.00
1,746.00
1,360,00

__80.00

1,152.00
245,00
225.00
320.00
275,00

2,738.00
978.00
187.00

300,00

6,420.00

500,00
175.00
478,00

50,00
250.00
400,00

189,00

2,042.00

Services & Materials Total
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17,734,00

8,462.00



III. Eguigment

A, Mag Card Word Processor

(rental @ $235/mo) 1,645.00
B. Photographic & Recorder Accessories 470,00
C. Testing Equipment 450,00

Egquipment Total

Total Direct Cost
* Indirect Cost @ 31,4% of salaries & wages (negotiated with DHEW -
predetermined - 7/1/74 through 6/30/76)

Total Project
Norfolk State College Cost Sharing

Amount Requested from NASA

Requested Initial Payment
Amount Requested During lst Quarter (July 1 - Sept. 30, 1975)

(The amount of this initial request reflects the accelerated work
effort that will be employed during the summer months in order
to prepare materials for field testing at the opening of school in
the fall.)

Authorization is requested for acceleration of expenditures to
commence August 1, 1975,

¥Fringe benefits for A, B, C, &
E have been reduced ($574)
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2,565,

28,761,

00

00

00

4,995,

33,756

31,095

$14,222

.00
2,661.

00

.00

.00



