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ACHIEVEMENTS OF THE PROJECT TO DATE

In this _section we present the work which has been completed to

date in Phases I and II and indicate approximately the progress 'which
. _

Will have been made by the time for renewal of the grant, i.e., the

beginning of phasiet

The National Advisory CoMMittee's self evaluation is that we have

made very good progress. The exceedingly complex task of welding the

community together and bu+Idinga_total_system has gone very; well y
indeed. Module. production and dissemination are now at a_steady state

as a result of the emergence of the journal concept,for distribution and

the workshop :emode for developing modules. The latter has resulted in a
modification of the infrastructure of EMMSE which we believe.wial prove

to be a positive step for the project. in Phase III. (The system with

proposed revisions is outlined in Appendix

Socialization of the CommunitY

1.1 ..y__.Corulc-ioess-it-ueric*Develent

.
It is clear that the first step in developing a total, system

had.to be the establishment of a broad base of understanding and support

within the community.' The Principal Investigator (PI) and many members

of the NAC'have spent a considerable amount of personal effort working

on this aspect; we believe we have been rather successful. A national

adVisory committee, a module development subcommittee and several task

forces are fully functional. We have the enthusiastic support of major

industry, as most convincingly demondtrated by the calibre of 'manpower

donated to the project. . We have made EMMSE widelS, known through the

different subsets -of the MSE community and have'itarted to eliminate the
,

natural resistance' and suspiCions of some faculty both, to considering

novel teaching modes and to the particular systematic approach. :14S have
.

established an excellent base throughout some dozens of universities,

involving their-faculty on various committees and task forces, and in

_utilization of the modules. Moreover, this degree of acceptance has

- , been reached in an emerging syncretic discipline, without simple

coMithinication channelsnd with considera'ble heterogeneity with respect
_ -

to style; degree, of professional society development, etc. cgithiti'th*.

subfields. The means for achieving this hive been manifold, and each is

treated in the following paragraphs.

3.1.1.1 The National:AdvisorY Committee

The first' step in the consciousness raising efforts and

constituency development of EMMSE was taken via the formation and

activity of the National.Advisory Committee. In the selection of, the



Committee, special attention was given to make it representative in

every possibleway. In addition to broad geographical repress tion,

care was taken to have the membership of the Committee be representative
of the following:-

(a) Both science and engineering of materials,

(b) Large and asmll universities and colleges,

(c) Professional societies in the field,

(d) Materials oriented industries,

(e) The major materials classes, (Metals, ceramics, polymers,
wood, semiconductors),

(f) The Depth Committee (Heads of Materials Departmehts'

across the country), and
.

(g) Closely related disciplines (physics, chemistry, etc.).
It was expected that, with this pan of organization, information about
the. development and achievement of EMMSE would be channeled out to
aifferent segments of the ;thole 'materia s community through each
Member's personal linkages. We recognize that the kinetics of such

informatiop.diffueion is slow, but we know that EMMSE is now familiar to
a large number of people in the MSE community both in the J.S. .and
abroad.

Y:\
A distinguished group of leaders of the MSE community are serving

on the National Advisory COmmittee (see ,Appendix II).
f-

. As noted above,'
the composition Of the NAC is intended to provide representation fbr a

wide.variety of constituents. By comparison with our stated intent,- it
will be seen that the following categories are represented in the

current ,membership:

Materials scientistwana engineers representing the fields of

metal, ceramics, polymers, wood, semiconductors'

HeadSOf"materials-oriented departments

Professional soci4ties, such as:

Federation of Materials Societies

Materials Research Society

American Society for Metals

Industrial research laborato es and training centerS,

Representatives of related f lds and smaller departments

A plan of rotation has teen devised so that about three new persons will

-come on to the committee each year, increasing the participation as much

as possible without sacrificing the advantages of tontinuity Professor
CharleS Wert of.the University. of Illinois at Urbana, widely known and
respected in the materials field,' serves as Chairman.-

full Committee convenes twice a year and the meetings are

interspersed by two meetings of the Executive ComMittedcOMpoSed of the
0 V,



project directors, the chairpersons of sUbcomMittees and two members at

large.

The function of the EMMSE National Advisory Corn*nittee, due to the

nature of the field, is necessarily somewhat different from _some other

groups in traditional disciplines. The NAC spends more of its time and

effort on "community building" and somewhat less on day-to-day project

matters. AA will be seen later, this forms a good division of labor

between the NAC-and the sdbcominittees et al.

1.1.2 Liaison to Depth Committee, Federation of MaterialS

Societies and. Individual Professional Societies

Although MSE includes parts of several formal disciplines such as

physics,
A
electrical engineering, geosciences, etc., the faculty of the

.

formal Materials Science and Engineering departments form a resource-

core. A special effort has been made. therefore, to establish liaison -

without expecting endorsement at this sage with a continuing

committee of department. heads Called the "Depth Committee." Since

Professors Wert and Verink of our Natidhal Advisory Committee are both

past chairmen of the group, we are confident that the Communication

channels are well established, and we expect increasingly active support

as the project develops. The departMent heads may be able to help in
_ -

'8UppOrting their faculty to write moddles, but their most important help

may come as they encourage the use of EMMSE products in their respective

departments and join the EMMSE consortium by subscribing to JEMMSE and44
by designating a faculty contact person.

In a similar vein EMMSE has opened channels of communication to

various materials societieS.-- One ofthese, so far, the American Society

for MetalS has had a Member on t4! NAC .for years. Recently we haVe been

working more intimately with the Federation of Materials Societies (FMS)

with the possibility that EMMSE will become a major focus of the

educational activities of.the Education Subcommittee of the FMS=.

Occasional Newsletters and news articles in society magazines have_

been the principal bans used to coMmunicate directly with indiVidual

members of- the.MSecommunity. We haVe an organized mailing list of

3,000 MSE personnel. News releaSes and article's have been published in

all the major news journals of the pertinent professional societies such

as Chemidal and Enginee;ing News, Physics Today, etc.

In addition- to news' articles, and newsletters, =thousands of

promotional folders about EMMSE products have been distributed. This

has resulted in sales of MOddles, especially the Crystallography set,

and in subscriptions-to the Journal of Educational MOdules for Materials

Science and Engineering.

4
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2 Module Preparation

,The'firat logical major step was to proceed with preparing what the

National:Advisory Committee hoped would be "prototype" modules to sere
as models of examples to the wider authorship; This Plocess and its

producti constitute the heart of the project in some 'ways. The

historical sequence has-raised and brought.into focus many kel; issues

for anyD/SE:project.

-2;1 Length, Level and Content
-0

During the first two years of the project we could not physically
. _ __
put in the hand of all inquirer an example of a print module . in the

physical,sciences/engineering; During this period, the staff and the

National Advisory Committee debated periodically the major. aspects which

describe a module. It is important to note historically that, in the

first year of the project, the specifications placed on such a model

were rather tight, but that with time they were relaxed in nearly all

dirlactions by the NAC. We report this later-thinking on the main

descriptions of a module.

First, with respect to length. At a meeting catalyzed by EMMSE

which brought together over a half-dozen NSF-funded groups at "1401

Vilson Blvd." in Arlington, VA, it was agreed that the word ,"module"

itself did not specify length, and that a ptefix or suffix 'explicitly

designating length would be valuable; At 'Later meetings specific names

pave been applied to some standard lengths of modules. For EMMSE

prototype modules the NAC recommended that we seek units `which would

correspond roughly to "one,,hour of instruction time," but that we allow

the authors to use more than one unit for a topic if they felt it was

justified.
g
Second, with respect to level of presentation, it was felt that the

prototype modules (not the future "production" modules).could be evenly

spread from the sophomore level through the advanced new material level

in order to provide the maximum range of modules.. (For discusSion of

future levels, see .Section 4).

Third, with respect to content, the decision was made to attempt to

be eclectic 'and bring in as many fields as possible at the prototype

stage, consciously sacrificing what,'may have been intrinsically more

valuable: a single set in one area. It was reasoned that in a diverse

community the latter would have puzzled or alienated some of the

constituency.

2.2 Style and Format_u_Anthor's Manhal

( It was clear that some homogeneity would be desirable in style and

format in module preparation, and that these would need to be

communicated to prospective author of the (prototype) modules. As

5



mentioned earlier, on the basis of the literature and much discussion,

the staff prePared for NAC discussion; review and revision a Module
Development Manual to serve this purpose. Againi it was the first of

its kind to our knowledge. P 4

The first draft of this Manual was reviewed by the,60 or so persons

who attended the ..EMMSE Colloquy held at Brown University in January

1975. After incorporating suggested changes, the prototype version of

the Manual was published later that year in limited quantity d
distributed to those, authors who were selected to prepare prototype

mOddles, to leaders of other modular projects, and to many interested

persons who -requested it.

Over the next 12-18 months, as a result of feedback from many

prospective 'authors and re-evaluation by the Advisory Commi4tee itself,

the original manual came to be deemed too long and imposing, especially

since it was often the first document that was received by a prospective

author. It has now been rewritten in a much shorter and more flexible

fort. It Will.appear:ander the new title, Guidelines for Authors, and

will 'iqe the first item made available tb the many authors.- A more

detailed "manual" will also be made available on request. The

Guidelines will continue to be evaluated and revised as the need

indicates; but all along we have known intuitively (moreor less)'that

the prototype modules themseles would serve as the real guidelines as
_

far as the authors are concernd. Indeed a comparison of the original

"manual" and our much looser "guidelines" will show the trend of the

committee's thinking. We have moved considerably in the direction of

. less restrictive regulations. 0ur_XationaIe is that no one knows at

this stage what is best. Along with Chairman Mao we have "I.et a

thousand flowers bloom" bdt not entirely without guidance. The "manual"

will likely be used by the secretaries and the EMMSE staff to modify

certain stbmissionsto make. them reasonably.systems-compatible. :

2.3 Prototype Modules

Appendix III lists the titles of-all prototype modules whish \were

completed and distributed free of chargeto theentire mailing list for

field testing. The NAC decided that they should select all the

prototype module authors on the basis of maximum competence' and then
. ,

commissioned them to write a module. . Each author of a_comm+sgiooed,

prototype module was paid an honorarium. As shownin Appendix III, 30

.prototype modules were written on a broad spectrum of topics. They
. ._

included the fii-st cluster group ,(a set on Crystallography). It was the

411

enormous success of this cluster that led the NAC tO_ nclude that this

the route to take in the future. This decision,: s confirmed by

more recent experience.

6



2.4 Other-M0aUles

Subsequefit to the time of publidation and distribution of the

protnybe modules, five Topic Area Teams (TATs) virere organized for

m tale, .ceramics, polymers, characterization, and wood, (see below) in

order to develop and review a large number of addition1al modules in the

style' and format which had evolved through the prototype peri6d. In
/

Phase these other modules began to be published in the JOurnal of

Educational Modules for 'Materials Sdience and Engineering. A cumulative

of the first two-volumes of JEMMSE is sho%n in Appendix IV. Ae.

seen, some--a the prototype modules were revised and republished,
.

Journa2.

Tepid Area Teams

ce the production of prototype modules was' aunched, the EMMSE

staff and NAC set abdut;the-task of putting togethe another' element of_

'the developing system the so-called Topic Area Teams ,(TAT). The

rationale for spreading the responsibility- d the activity is self-
.

evident. Involving a steadily Increasing number of the MSE community in

bhe project was envisaged from the'beginning as a key to the success of

the'system. Forming clusters around different universities is a natural

way to share responsibility, and it corresponds to the existing talents

in various institutions. Bringing.together subject-matter clusters

likewise draws, on existing centripetal forces. - All these factors

prwilded the basie for the step of starting the TATs.

It was envisaged that' to the roaxiedm extent pobsible, the

responsibilities for EMMSE be decentraliZed. One-of the functions which
/

Could obviously be separated from the headquarters was the entire

4r"edttorial" process; i.e., the subdivision of the field-end selection of

priority topics, the finding and recruitment If authors, and the peer

review of content. 'The first question which arose in establishing, the

TATs weep againc haw the subject-matter-pie of MSE should'be cut. \The
e _ _ .

NAC coneidered at length the' various schemes for the sUbdivision and,

following the reasoning of a Janus-faced strategy,' finally gecided to

experiment with a mixture of TATs. Thus. four were chosen to correspond :

to materials classes and to existing societies and communities:. metals,

ceramics,. polymers, wood; and one (characterization) to cut across these__, _

materials Classes.: All other topical material that might fall between

the cracks was explicitly assigned to the NAC itself, functioning as a

index

can be

in the

TAT.

The academic ccmpodent of the membership of the TATs was

recommended by the Depth Committee with the NAC adding the other members

to preserve balance. In order to coordinate the work of the= Topic Area

Teams and maintain liaison with the NAC, Professor Ellis .17A-ink, a



1

member of the Committee, agreed to serve ,as general coordinator of the

TAT effort. --
The first assignment to each TAT was tcesubdivide its ,own topic

area it:to .modular size units and to .'st rt establishing certain
priorities that they would wish to see in th

This task was subsequently completed and the Priority Topic

compiled. (See below).

production of modules.

List was

In the last two years, until recently, the TATS have been pursuing
their ,Other objective: seeking authors to write'moduIes on priority
topics and carrying the; modules through the peer review stage until
apprOvedfor publication. Success was'not notable. Materials Science

and Engineering faculty were in enormous demand in the research area and
could not afford the tinite. The rate of module development fell behind
sChedule. Meanwhile, two things led the NAC to begin thinking along
different lines. One was the outstanding success of the cluster of

crystallography tiodUldS, which 'underscored the value of cluitering
modules into coherent sets or Minicourses. The other was the success of

thS first module writers workshop on "WOOd," conductpd jointly -by EMMSE
_

and the U.S. Forest Products Lab; which produced a cluster of nine

modules on Wood: Its Structure__andProperties, the whole process being

essentially completed in one week.

= 2.6 ModUld=Writing Workshops

2.6.1 8eritage Workshops on WOO

In August 1979; The Forest Products

Wisconsin sponsored a workshop for the purpose of introducing materials

science ,..nd engineering educators'to woodas a material. Nine modules

Were presented'bitheir authors and critiqued by about 35 MSE educators. -

COhStrUCtiVe -criticism led to rewriting and improvement of the

and eventual publication in JEMMSE. A 'cluster

published- to berepdbliShed as a
single volume.

A second

held in' August Of 1980.

Will eventually be pUbliShed in JEMMSE

third workshop on adhesive bonding

AS A Material

Laboratory at the UniverSity of

are soon

workshop

modules

of nine modules has been

cluSter'of modern' in a

focusing on wood as a structural

The same format was followed, an 6-8 modules

material was

_ .

materials is scheduled for Afigust 1981.

modules and reprintthem as a cluster.

and reprinted as a cluster, A

of wood and other structural

JEMMSE will publish the tovised

Thus' from just one workshop held on an annual basis* we have a

steady Stream Of Clustered modules entering the publication system.
Moreover, out of this experience a new-model for production of modules

.ta.s been born and is thriving.

at



2.6.2 NATO Module-Preparation Workshops

Based on the success of the first wood workshop* funds were,'

obtained from NATO by our WestEUropean COordinating,Committee for the

purpose of planning and running a module production workshop. A

modified procedure was utilized in the first NATO Workshop, held in

September 1980. The organizers met in the spring of 1980 and selected.

five clusters of important module topics and the authors to prepare

them. First drafts were written, circulated for critique among the

meMbers of-the Particular cluster group of whi6h they were a part, and

rewritten prior to the workshop. At the workshop the papers were

Presented and critiqued. As a result five cluaters with a total,

approximately 25 modules were prepared. The first ofthesemodules will
soon appear in print. Funding has been secured from NATO for a second

workshop' to be held in 1981. Thus, another workshopmodel has "been

created and found to produce clusterS of mOdules with relative ease.

2.6.3 ftture patterns for Module-Writing Workshops

There are three distinct types of module preparation workshops that

are being and will be utilized by EMMSE to produce modules: two have
-

been described above, and the third is a spin-off from the NATO
Workshop. One particular. cluster group from the NATO Workshop decided

to get together at the annual meeting of the. American Cerathic Society in

may 1981 to continue their work VI module preparation. Thus, we have

conoludedthat-some form-of "mmilltalopia--tha-maiarlway-that-our-Lmodulaa

will__be':produced. Not only are modules produced relatively-eackly and

witYL relative ease,' they are clustered as well!

2.7 Module Development Committee

In 1980, a decision was made to phase out the TATs with thanks for
_

several accomplishments: socializing the community, subdividing the

field topically, and setting up procedures for obtaining modules and

reviewing them. The NAC decided that to take better advantage of the

cluster concept and the workshop formai tor producing modules, the five

TATS_ thould be re-worked into a single Module 'Development Committee

(MDC) with represdntation from among all the materials classifications.

Accordingly, the MDC committee was established and held its organiza-

tional meeting in September 1980. At that time it recommended that the

TAT system be abandond and the new Module Development Committee replace

it with provision for one representative each from :metals, ceramics,.

polymers,- -wood, and electronic materials (semiconductors). (The latter

Was added as a replacement f6r characterization.) Cur ent TAT Chairmen

Were asked to remain on the new committee.

It will be the assignment of iiDCto build on the work of the TATs

with special enphases, on the clustering of nodules around certain

priority. topics,- and on the utilization of the workshop- as A mode of

r

9



I.

/

development . \and production of modules. The MDC does not have the

:responsibility necessarily of conducting workshops itself; but rather it

is to seek appropriate oppOrtunities (e.g., in connection with a meeting

already schedUled by J4ome.soCiety or agency) when workshops can be

Conveniently held and designate those who are to organize them. Some

funding will be provided to defray the costs of these. workshops.

3 _Production and Dissemination

'3.1 Early Dissemination

The original grant called for "automatic" dissemination of the

modular products to the academic community and to all interested parties

ink the not-for-profit and industrial sectors. They were also .to serve

the purpose of familiarizing the users and. authors with the nature of a

module and for testing o each module and the ystem. Hence, one copy

of each of the prototype modules and Media index was sent to the entire

EMMSE mailing list of some 3,000_ persons, including virtually all MSE

faculty members in the country. All departments represented on . the

Depth Committeeiwere advised that,: as long:as supplies of the prototype

modules lasted, they could obtain them for classes on the.condition that

they offered feedback from students and the faculty member on. evaluation

forms provided. In many cases, supplies were soon exhausted and

hundreds of evaluation forms were received with valuable suggestions for
4

improvements.

3.2 TheL_Elybrid__Journa -1._Textboo_k_:_JEMIMSE

As previously reported; in Phase I;(the Prototype, Phase), all

material's were distributed widely withoutcharge. As Phase II )oegan

(the Proof of Concept Phase), the NAC realized that a different kind of

dissetination must be initiated as EMMSE began to move toward a future

stage of self-sufficiency (i.e., beyond funding). Hence; dales/income

accounts were established--for the prototype modules and for a new

vehicle, of distribution which EMMSE invented - the Journal/Textbook.

TheJournalltofEducatimalkodulesforMaterials Sdience and,

Engineering began publication in April 1979 as a quarterl and has now

completed two full volumes. It is expected that JEMMSE wirt become. a

bimonthly, perhaps as early as 1982 and, eventually, a monthly.

Each issue, in these first two years, has contained about 225-250

pages, comprising about six Modules, occasional article, andsome
other editorial features .common to a-journal. Every two or three years

the EMMSE Media IndeA will likely Appear as a supplement, as it did_in

1980.

The modules pu lished'in JEMMSE are designed for a wide spectrum of

learners in both university and industry, ranging from the undergraduate

- 10. 14



(sophomore-seni0r) to the professional leVel. At the professional

level,
some are for graduate students and 'continuing- education in

_ -

industry, and some are in the nature of advanced review articles.

The__special_ feature- of _aEmksE_is a_policy of_ free_ reproduction

rights to all subscribers. The Journal/Textbook has been designed as

the most cost effective distribution mode for the new educational

material produced, and, using the well established library distribution,

filing, and retrieval system, it achieves the following:
_

A Imethod to provide appropriate professionai recognition to

authors of- original and peer reviewed work on a par With those

ofresearch papers;

A 'Properly archived and permanently retrievable system .fbr

storage and use;

A means to distribute a "master" from which copies can be made

on site and on dethand with no royalty payments, no

transportation .of. hard copy, no tedious bookkeeping

operations, and no expensive warehousing of modules.

This journal-concept is the best way of meeting a major goal of EMMSE:

providing the new modules 4:Onveniently and inexpensively to faculty .and

students. The sdbscriber can simply make the cop:i.es he or she needs.

Numerically, E144SE has met its targets. .Our- proposal for Phase I:

called for the production of some 125 modules. In fact we will have

produced and/or modified (thru the final review stage) some 140 modules:

Of them some 72 will have aiveared in the Journal; others. will be in the

pipeline. In addition_we:will have some twenty others which have been

modiNi.ed after acquisition (iihiefly_the British Cpen University and the

Stockholm Royal Institute of Technologyr-

We projected that we owodld have apikoxikletely 100 paying

i,.subscriptions at the end of Year 2. In fact we hae'2613, a mixture of

institutional and individual. It=should be noted that wet decided not to

put on a widely-based advertising campaign designed to increase

readership until we had the "product" well in hand. Such a a iign is

now being planned. Its results will be-SignifiOant in determia g our
later pricing'and funding strategy:

3.3 Repkinting__Clusters_of_Modules

One of the problems of which we are aware in publishing the Journal

is the need to package clusters of moduleses sets or mini-courses. The

success of the mini-course On Crystallography has demonstrated that this

integration of modules is something that is welcomed Ly the potential
user, and this' has been confirmed by subsequent experience in producing

.

clusters of modules on wood, etc. 'At this Stage of AMMSE's
development, however, the NAC judged that it is not tactically sensible

to devote an entire issue to one topic, since it would limit the breadth



of appeal to just a relatively few subscribers. The idea of publishing
coherent sets as "special editions" or supplements to the Journal is a

temporary solution to this problem which is being tested with the set of
. _

wood modules. These will'be available to subscribers at a discount and
will be offered to non-subscribers at a reasonable sales price. This
violates our long-term goal of on-site on-demand printing, but it is

probably the best compromise for the next five years.

It is:also clear that the Journal concept will also go a long way
toward establishing EMMSE as a viable system which can be self-
sustaining. when NSF funding is no available. A base of cost-
price data is now being accumulated which will be useful in the third

phase of EMMSE,. a time when EMMSE must begin to transform itself into a

viable self-supporting system.

3.4 Digitization of Journal _Copy

As a result of supplementary funding provided by the National

Science Foundation ddring the latter stages of Phase II, EMMSE has been
able to purchase, electronic. equipment to format and store copy for

JEMMSE and other print material. Prior to this special grant, EMMSE hdd

experimented in this area by leasing word processing equipment from two

manufacturers-of "expanded typewriter" systems. These were found to be
inadequate to the task in an overall sense. However, with that

background, it was easier to custom-make a more sophisticated system
using essentially off-the-shelf components of various manufacturers.
The new system has been in use for only a limited period of time, andit

is too early to report on its operational success. Nevertheless, the

equipment now in use certainly enhances and extends the ability of EMMSE

to store the data which comprises each issue of JEMMSEi re-format it (if
required) and make it available quickly and efficiently for use in

unedited Or edited form. It also creates the base for future

dissemination of EMMSE modules by floppy disc or other electronic Means.
In the near future, by connecting our appropriately formatted discs to
the new /digital laser-printer acquired by the University Printing
Services, we will be able -to prodUce.an even more "professional"-looking

Journal;

3.15 Dissemination of Information About-EMiUSE

The primaiy "information product" has been the newsletter,.

PREVU/REIA, which has been issued occasionally. Wide distribution has

been achieved (between 4,000 and 5,000),' especially in the first years
when A primary contact list was being developed. Mailing: lists were

obtained from various sources to reach not only the core group of

materials science and engineering but also those in areas closely
related, such as physics, chemistry and, engineering in general.
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QuantAies of the newsletter were also distributed. at meetings of

professional societies, conferences and other places.

In addition to interpreting EMMSE to its constituency and updating

readers on developments, PREVU/EEVU has been a Vehicle for-experimenta-
/

tion in printing costs, format, the use of camera-ready,copy, and so
forth, which has been a useful preparation fqr the publication of the

modules. For example,' the first issue of,PREVU/REVU was printed for

about $.03 a copy using regular newsprint./ The second issue was printed

on betterquaiity paper.and employed spot.color on the cover. The cost
Of printing it was about twice ae,mdch as the first issue but still
relatiVely At:expensive. Format _evolved over a nuMber of issues until

now a standard format has been reached whiCh has been unchanged over the
past year or so. (See Appendix VII.)

More recently, as EMPASE has entered a sales/income stage, with
respect to the Journal, the Crystallography modules* et al., numerous

special information products have gone out on behalf of these endeavors;

These have taken the form-of flyers and folders to describe the
products, provide price information* and so forth'. These will continue,

Of course, as prices Change and Oilier changes become necessary.
- _

Other methods have been used to disseminate information about
EMMSE. A National Colloquy at Brown University was held. It was
attended by more than 60 interested persons and provided an excellent
setting to interpret the program. Several surveys were conducted: to
solicit information needed by win and to offer the recipients
information about EMMSE. NumerOus news releases have received -wide

acceptance and publication by as many as a dozen journals or newsletters

of materials related societies.(e.g., Chemical & Engineering News,

Physics Today, The American Mineralogist, MCIC Newsletter, Science
Trends, Materials and Resources News, etc.). Eight or ten formal

preientations abOut EMMSE have been made at conferences and sqciety
meetings, and three inVited papers have been ;pdblished in, such

periodicals as Journal of College Science Teaching, Nature, and Journal

of Educational Technology Systems.

4 Curricaum Content and Substructure of the Field

EMMSE- Matrix

Our original proposal called for us to "Experiment with means of

indexing This was the first intellectual task of the project;

It became obvious early in the effort that this indexing and taxonomy
had to be applied to existing materiels already categorized by different

_

systems and used by existing university structures strongly influenced
by traditional approaches. Hence the approach to the taxonomy could not
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be too abstractor "first-principled" in its attempt to include some of

thenew holisticconcepts or ina search for commonality.

In line with this philosoihy we spent considerableintellectdal
effort" wiplin ihe ili institution, inthe,Natiohal Advisory Committee,
and in the national community, developing a rational substructure of

MSE,as_al-field_useful for-a-teaching-System. based on the .U.S4 college
model. .Our EMMSE matrix is an empirical ' heuristic model designed for
thilktask. It has been circulated throughout:the materials: community by

various channels and modi ied throe gh
.
numerous cycles at group, sessions

ffa

.

of the NAC, by MSE- lty at a national meeting and from individuals'
coMments. it is deceptively simply; it will remain to be seen if it

will be as useful as we think. It has generated enough interest,
,however, to have the Offite of Technology ASsessment -(OTA) fund us

independently to see the relevance of this -Matrix to a National
.,

Materials Information System. Other groups analyzing'MSE for many

reasons have readily seized upon it as a satisfactory way of subdividing
MSE We continue to refine the Al`trix as a few incisive comments are

.

received occasionIlly. -Howeveri it appears that the basic approach has

stood the test of time, and the pattern of indexing for all modular

materials bit:he MSE field will be based on it or. a future modifioation
of it. The current form of iiie Matrix appears'in Appendix V.

4.2 The Media Index

In our original proposal it was our theSia that the use of

innovative educational materials was'litited to a large extent by the

distribution system and by low social. cceptance from the university
teaching community. Hence we- bertevedthatwe could obtain two

simultaneous benefits Sy a thorough job of locating and indexing. all

existing eddcational materials in print as well as various other media.
Such an index would provide a simple means forjany teacher wishing' toz
know what special aids were available for the particular "course" under

preparation. And organizing theimatSriatrequired the selection of a

particular taxonomic scheme. In this case t EMMSE matrix, described
immediately above, was used. It is clear that such information was

essential to our original Topic Area Teams as they developed their lists

of topics and subtopics for modules to be deVeloped. The first version
.

of the Media Index was completed and printed as one of the EMMSE.

prototYpe products. It was a major piece of work which required months

of research, compilation, correlation, organization and editing, and we

believe it contributed sdbstantially to the utilization.of existing
modular aids in MSE teaching. The-prototype-v-ersione.w;s distributed

free to several thousand peksons on the EMMSE mailing. list.

, As part of the second phase of EMMSE (1980), the Media Index was
.-.

completely revised and expanded and was distributed as a supplement of

4
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JEMMSE to subscribers of record. It is also available fOr sale

separately to individuals and' institutions. The revised version

includes hdndreda, of-changes, additions and deletions,- as well as a

complete listing of EMMSE modules'fo date. A typical page' from the

index is shawn ih Appendix VI.

4.3 Priority Topic List

As mentioned above, the first taskof the TOpic Area Teams was to

:subdivide its own topic area into modular-sized units and to establish

the priorities.,for module production. These lists were compiled into a°

Priority Topic List which was 'printed and 'distributed.to the MSE

community and other' interested educators. This list appears in Appendix

VII.

4;4 Curriculum and Course Improvement

We have noted earlier our rationale for going slowly in this field

and waiting till EMMSE was better established and known. We are sure-

this was wise. Our strategy has been,i.therefore, to engage in, a modest,

but gradually accelerating data- and information-gathering activity.

A preliminary survey of some key MSE academic departments was made
-

to ascertain various concepts of the education of a MSE student. A
number'of MSE industrial companies. have been surveyed to determine their

needs and to discover the various mechanisms used by scientists and

engineers to educate themselves in .a new field. This was a preliminary'

study which will be integrated into later work.

Curriculum analysis and development will be one of the important

taska to be completed during Phase III. In accelerating tHis data-

gathering phase we have arranged a first course and -curriFulum analysis

gathering for August 1981. A very useful, way to objectify such a study

is by inter-nation comparisons. A complete, detatIed'analysis of the

curricula in Great Britain has 'recently been'completed. We plan--tO

consult with the personnel involved in that study. Perhaps 'we can'

.utilize some of their analytical instruments, and certainly we intend to

_study their results, which can serve as an Objectivebase for-Comparing

the variety of U.S.. models-for MSE curricula.

At the same August:meeting we will initiate a voluntary collective

-review of detailed course content of a few of the common courses at the

Junior-Senior-level (i.e., beyond the-introductory course in materials).

5 Linkages

Interlinking of EMMSE Modules

The sUbjept,Of interlinking of our modules has also received only a

modest amount of attention from the:BAC. While no one doubts the

ultimate usefulness of such a system, we have agreed that it is too
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early to start linking the relatively !Tall numberiof modules already

produced. Developing an optimized scheme for-alnking modules is- a

reibEch task Which has been done by Henley, Signell and 'others in other

ditdiplines. Thus, the necessary computer software ie available to

interlink our modules when enough are available a framework.

This is an obvious task for late it& Phase III.

In thef meantime our own discussions of this pia have shown that

for materials science and engineering by far the Mo t important 4inkages

-are the immediate, nearest neighbors. Hence th development of sets or

&lusters of Modules beComes the most importan operational decision.
- A

The interconnections and insertions of such articulated sets into

courses or curricula proceed by very different rules than the ties

connecting single ;modules. In any case our analysis along these lines

led to the strong exphasis on clustering.

5.2 aterlinkinq to OtherModuIe'Projects
We have, from the beginning, sought and maintained. active contact

With- other mbdule-produding projects and. have participated 'in the

"Intermodn organizational and standardizattokefforts with Professor

Signell at Michigan State University. Cur modules appear -on the data-

base available on Telenet. We have consciously chosen not to attempt to

innovate in this area.

6 Establishing Connections to the International MSE COmmunity

One of the notable successes of EMMSE has been the attraction of

(parts of) the international community into its activities. We hive

established a West European ordinating Committee with an outstanding

representation of the leaders of materials science in Europe. The group

has its own steering committee Chaired by Professor George Ball of

Imperial College, London and run by its energetic executive secretary',

Dr. Alastair Nicol of the Utiiversity of Birmingham. This group has been

funded by NATO for two. successive years to operate. workshops for
-.

producing 5 -6 clusters of modules by reviewing selected topics

the EMMSE-WECe committee felt that there was need fot good.

review/teaching materials; These -materials are nowjust emerging in

JEMMSE. (See Appendix VIII for a list of members...) Hence, at zero cost

to NSF we have establishd a major source of modular materials written by

the leaders of the.field. A report of the EMMSE-WECC/NATO tibrkshop is

attached as Appendix. IX.

The second such group we have helped start i in India.' Here,

also, a regional committee for India has been established with Dr. D.N.

Chakravorty,'Director_of the National Materials Science Center, chairing

the effort. The Indian'group is not as far 'siting in its planning, but
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the first meeting Which will likely produce such modules was held

February 1981.
.

The -third group we lave started to establish 'is one in the USSR.

8ere; also, We have an energetic- feadet 'in Dr. Fyodor Ruznetsov of the

Academy of Sciences, Institute for Inorganic Materiali in Navosibirsk:

He is supprted in this venture at the 'highest levels of the USSR

Academy of. Sciences. However, the'change of political climate has put

the Makes on this entire venture, and we will not know its future until

the thaw in US-USSR relations. Preliminary contacts have been made with

groups in Mexico, Latid America and French speaking groups in France and

Quebec, and all such have received enthusiastic responses.

7 Digitization of Modules, Data-bases and Other Materials

Until = the past yeati we purposely kept away from all' attempts to

con*tri. our modules and other information to:digital format (except for

several earlier attempts to utilize electronic' typewriters andfor our

early use of the central computation facilities on campus for generating

address lists and mailing labels). Weteasoned- that othei module

preparation groups'had acquirdd more experience and know-how and were

actively pursuing the development of::Suchfsystems. We believed that

when a system reachedthe "proven cdPability"'stage and was 'acceptable

to seVeral"Module_development groups, we would adapt their technolOgies

for our needs so that all would be compatible.

At the end of the second yearof funding in' Phase II some residual

funds were utilized to purchase the necessary hardlare and software to

begin, wrthe development of our" woad-Processing/electronid. storage-

assemination system. At the present time, all mdules are being

converted, into.digitial format. We are on the verge of being able to

dissemindtft__ modules in this format, although the present cost-

effectiveness of this (compared to miciofiche, e.g.) is not' very

faVorable.

Additional

,capabilities to

digitization of

funcis made

include digital graphics,

phase diagrams. One of our

were available by NSF to increase

especially related

original possibilities

our

to

was

. to digitize a video image, compress-the data and store it. However,

this idea has proved to be impractical within our budgets. NASA has the

capability to do this with their large computerS using 32 bit words.

Commercial systems.are'evailable with the required resoldtiOn; however,

the costs range upwards from a -minimum of about MK. We examined the

capabilities of all the-lower cost systems (Digital Graphics SyStemsi

Grinnell Systems, Colorado Video,. Hammamatsu, MicroangeIo, etc.) and

found them all too expensive for the results desiied or' lacking in
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resolution, unable to handle symbols, etc. Hence, we haveloade the
decieion to. digitize utilizing' a-4,graphics pad dig4izer system.

Specific 3quipmenti incldding a 'high resolution plotter.: hard-disk
storage with streaming tape. back -up, ancl; another 128K .mainframe

microComiduter (which will network with our wildting system) are

currently being ordered. (Note: This is also the mode of operation

-elected by the Vhase:Diagram.Evaluation group at the National Bureau of

Standards after their independent, extensive.review.)

The data-base of high priority and interest tg the MSE community is
that of cataloguing all existing' phase diagrams. We have developed an
interactive system which will allow a: ,user to retrieve location
information on any phase diagram in existence. ThesoftWake is nearly
complete and a representative sample of_thedata-base will soon be

entered for testing and evaluation._ Theentire data-base will encompass

2530,000 phase diagrams yhenCOmplete.

The next step 'in developing data-bases.is to begin. to digitally
store' the most widely used phase diagrams and associated thermodynamic
data. We Will than develop software for retrieval and manipulation of
any or all of the pertinent. information, including the phase diagram,

plotted in either mole.or atom percent composition. FrOik: here, we

develop,interactive programs In conjunction with the Calphad group, plus
the necessa*:y teaching modules to enable-a student to learn how to

extract and utilize thermodynamic infbrmaiion from phase diagrams, as

well as how to understand them in general. This work will be started by

the end of Phase II, and we envision rapid exIlansion of this work during

Phasie III. (See Section 4 for-mOredetails.)

8 Evaluation of the EMMSEiProject to Date

The staff and NAC has wrestled long and hard about -how and what to

"evaluatd" about ourselves. one stage we estabIished'ar' evaluation

and long-range task force. But this proved unsuited to oiar, needs. _ It

is our present position that evaluation while in process Of one part of
or a system say some partiCular.modules - would'VeHtotally irreleVant.

As a DISE project, using the innovation impact model in Figure 1, it is

Our present view that the only valid evaluation is a eummative". one
That is, one that looks at the total system and its present and likely
future (sinCVwe are'dnly 'half - grown') impact on science education in

the MSE field. In the following we presentr therefore, qualitative and

quantitative measures of the impact of Project$Ei1NSE.

8.1 General Impact

As stated earlier' one of the primary goaIsof Project EMMSE has

been to socialize tI2Lyeeerials science and engineering 'community.to the
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emergende of modular instructional technology and to the value of the

use of m6dules.for their own teaching. Moreover; BNMSE had to perform

this.consciousness-raising'task for a diverse community which lacked the
-._

usual cohesive forced and regular channels of communication availablepin

the older, :traditional disciplines, such. as physics and chemistry. In

spite of.these obvious hurdles, EMMSE has worked hard at achieving this
-e

goal and has met with substantial' even remarkable, success.

. 8.2' Participation by Field's Leaders

The first measure of *pact to which EMMSE can point is the number

and quality of\participants in its leadership. We have been fortunate

enough, for example, to enlist some of the most respected names in the

field of MSE as members of our National:AdvisoryCommittee -Fivp heads

Of departments serve on this policy committee; four of them also eive
,-

ca the executive committee Among them they represent some of th6

tatstanding departments in the nation in' the materials field MI T,
Michigan, Illinois, Florida, and Massachusetts in addition to P n

State). The NAC represents a broad spectrum of materials.classification

(metals, ceramics, polymers). In addition, well qualified persons from
.s

industry and professional societies have served, and are serving, on the

NAC. 6

Beyond the Advisory COMMittee, the number of persons associated

with EMMSE was greatly increased by the development of ;the project's

infrastructure. - Twenty-five other persons from a variety of

professional backgrounds served as members of the Topic: Area Teams.

Many others have worked in ad hoc relationships asA3mbers of task

forces and coMMIttees.
..__

The influence of all: these persons on they associates at their

primary place occupationccupation (among others) is, of coursei not measurable
.

in quantifiable terms. But we believe that it has been inormous and.can

be seen by the acceptancethat EMMSE has had and continues to: enjoy

increaSingly. .
ss

8.3 Mail Responses and Inquiries

Another'aspect of the impact of 'EMMSE is the reception given to its

products - both instructional and informational. Early on, EMMSE sent

out ,a large numbed of the latter, ranging ftoM newsletters to

questionnaires. There:was a massive effort to inform people about EMMSE

and to solicit thei4 views on matters pertinent the project's

development. The results have. been gratifying; Whereas, in the

beginning, thousands of ,communications went over what was for the time

being a one-way street, now although we continue to communicate at°a

high level, ours is matched by an incoming. flood of mail. Lite;ally

thousands of inquiries, orders, offers of adVice or help, etc. have

been and are being received. One realistic measure of the impact of



.

EMMSE on its constituency. is to look at the file of correspondence

accumulated and see how the qdantity of.incoming mail has increased

dramatically with eac# succeeding year of operation._

8.4 Sales and Subscriptions to EMMSE Products

By far the_ most important quantitative measurement of EMMSEs
impact is-revealed in the sales of.EMMSE sUbscriptions ules, such as .

the Crystallography Set, and for JEMMSE. Ifour .con ituents are

.,purchasing our products, it means they have voted'with thei- wallets.

As noted earlier, EMMSE began to make charge for is products

only in Phase II, During that time, also, the publication of the

Journal began on a subscription basis. Prior to the material had

been didtributed free. .

All prototype modules have been for sale in( hese II, and some have

sold remarkably well. The two-part set on Ph se Transformations in

Condensed Systems has had a steady market at a .tpmewhat lower level.

However, the outstanding sales leader has been the nine unit set on

Crystallography. Since its introduction on a sales basis, this nine

unit set has had an

continues to enjoy

believe it should,

viability c` EMMSE.

The Journal of Educational Modules for Materials Science and

Engineering has been on a stbscriptiOn basis from its inception,

although ddting the first:year of publication we were:also sending free

sample copies torall heads of departments and their counterparts in

industry. The reception of JEMMSE bithe MSE community has exceeded our

most sanguine expectations. We projected the number of subscriptions in

the first 'year to be 75. 'It turned out to be 17. We have now

completed two years A publications and the subscription list stands at

271. There have teen Only 8 cancellations. A breakdown of the list

reveals an interesting distribution. The total in the U.S.'is 191. Of

this numberi 117 are primary or institutional subscriptions (86 from

universities /and 30.from others, mostly industry). We haVe been very

pleased to note that 81 Subscriptions have come from foreign sources.
. . _

Of these, 20 were from the British Isles, 15 from Canada, and the rest

annual average sale Of ebodt 10;000 units. If it

repeat orders at this level, as we hive reason to

it will contribute substantially to the long range

from widely scattered places (a number from Western Europe, 'and one or

more :from 'the Soviet Union, Yugoslavia, India, Australia,- 'MexotOoi

Brazil' etc.) The rest (74) are setendary'-, or individual,

SUbScriptiOnS.

These statistics we believe, are an indisputable demonstration Of:

the wide and effective impact of EMMSE on the MSE community.



8;5 The-InternatiOnal-Atceptance

The number of subsoriptons from foreign sources - almost all of

themfrom.universities or libraries - is only one indication of EMMSE'S
outreach to those outside the U.S. The most impressive.dmtum here is

.

the, number and quality of the scientists. in Western Europe (and in'
India) as listed in an earlier section who have become associated with
EMMSE. (See Appendix VIII.) Clearly if scientists of this eminence are

willing to participate they are signifying eireasonably high level of
approval of our achievements

846 Summation-of- Achievements and-Impact as an-

- Evaluation of EMMSE

Sidce this is a project to produce and disieMinate modular material

it is perhaps appropriate to cloee this sectiorron achievements; by a

summary of our status in these.areas. r \

First, on dissemination: We have eetiblished :a means of
distributing to .a very widely dispersed clientele print MOdules at a

cost:of somewhat less than.$0.02per conventional text page to the user.

(Two pages of the Journal can be copied on to an 8-1/2 x 11 sheets) The
journal-tektbOok hybrid is effective and may prove'\ to be the only cost-

effective way to achieve: dissemination of modular material anyway.

Second, on production: Some hundrede of moduleshave been prodessed

to 'Varying degrees by our system. . We have prepared\a master list of
these modules in the: following table which shows that there are about
250 modules involved. We note that EMMSE's involvement is not the same
in all these modules. For the majority we have been 'y responsible for
selecting stimulation, production, disseMination; few some we halie

contributed mainly in dissemination; for others _in stiftaatiOn and
production, but yet await an auxiliary distribution modes This list

shows that there is plenty of good materia) .being, produced and
dieseminated. It, also shows that the rate of its 'production is

increasing, and the coststo NSF per module are going down steadily.

Hence our qualitative projections of self-sufficiency-are not fancifuls

We believe:these several lines of argument support our contention
that EMMSE has had a strong impact on its constituency both in the U.S.

and world wide. Furthermore, it is clear that the pace:of the impact
has increased greatli in Phase II-and that, momentum continues to
increase in the recent past.
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APPENDIX I

EMMSE SYSTEM IN PHASE III

NATIONAL ADVISORY COMMITTEE

Taskt:

To oversee the Project;
To make recommendations to the

Principal investigator(s),
PSU and NSF on the policy
and operation of the Project:

MODULE
DEVELOPMENT
COMMITTEE

.Tasks:

Determine areas of need;
topics and content;

Select authors;
Recognize potential
workshop opportunities;

Organize workshops;
Provide review mechanism;
Provide -reviewed modules

to the EMMSE staff'
for publication.

EXECUTIVE
COMMITTEE

Tasks:

Recommend policy to NAC;
Provide direction to

EMMSE Staff;.
Analyze content of
materials produced;

Provide direction for
future production;

Act as liaison between
NSF and the NAC;

Make decisions for the
NAC between meetings.

EVALUATION;
NETWORKING
S MODELING
COMMIlibh

Tasks:

Evaluate the materials
_produced;

Analyze the utilization'
of product materials;

Develop interfield
networking links to
other NSF projects;

Provide technological
models for future
operation;

Provide economic models
for .future operation;

Provide _direction for
implementing these
models.

EMMSE STAFF

Support Tasks:

Overall management of the
Project; .

Budget, preparatica and
fiscal management;

Act as publisher of JEMMSE;
Advertise the products of

the Project;
Disseminate the productsuof

the Project;
Socialize the MSE community;
Write proposals for funding;

InnovatiOn Tas)cs:

Develop curridulum and course
analysis toolt and data.

*35

Write reports of work
accomplished;

Develop "state-of-the-art"
technologies for module
preparation, publication
and dissemination;

Develop new operational
strategies to.recommend
to the NAC:

Provide general support to
the; NAC and its committees.

Devej.op digitization of data-
base and modular material
and cost-effective means
for its utilization.
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;-..Charles Wert, Chairman
Professor and Chairman'
_University of Illinbis

Turner Alfrey, Jr.
Research Fellow
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James P. Bosscher
Professor.
calvin college

Stephen H. Carr.
Professor
Northwestern Univerdity.,

Robert. F. Davis'
Professor-,
North CarolinadState UniVers!-ty

Brude E. Knox
Associate Professor of Mats. Sci.
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David E. Laughlin
Professor
Carnegie-Mellon University,

George Marra
Deputy Director
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Walter S. Owen' /
Professor and Head
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Perin State University

Rogt Porter
Profedeor
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John Ritter, Jr.
Professor
University of Massachusetts
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Professor.
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Adjunct Professor
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'professor of Physics
Michigan State University
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Director, Human Performance and

Support Center
Bell Telephone Laboratories
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Professor and Chairman
University of Michigan
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Professor and Chairman
University of Florida
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APPENDIX III

PrototypitModulestroduced and Distributed

Materials for Fiber Optical Communipation.
Part One: Optical Propert.es of Transmissiton Media
Part Two: Fiber Fabrication

William G. French, Bell Laboratories

Point (Atomic) Defects in Stoichanetric Ceramic Mhterials
Part One: Solid Solutions
Part Two :' Schottky and ,Frenkle Defects

Robert F. Davis, North-Carolina State University

Burke and Bulk Defects in Solids
Craig S. Hartley, SUNY/Stony Brook

Introduction to Dislocation in Crystals
Craig S. Hartley, SUNY/Stony Brook

e.*

VisCoelastic Behavior of Polymer Solids
_ T. W. Huseby, Bell Laboratories

Fibrous and Stressed-skin CoMposites
D. K. Rider, Hell Laboratories

Principles and Applications of AdheSiVeS
D. K. Rider, Bell Laboratories

Phase Transformations in Condensed Systems
Part One: Nucleation
Part Two: Growth of Phases

Mbrris E. Fine, Northwestern University

Crystallography: A Nine-unit of Programmed Learning
1. Packing: The Crystal as an Ass mbly of Spheres

.

TheRacking of Spheres of Different Sizes - Interstitial'Space
3.. Unit Cells and Space Lattices
4. Miller Indices: Representation of Planes and-Dikections
5. The Seven Crystal Systems
6. The Fourteen Bravais Lattices 4
7. Introduction to X-Ray Diffraction
8. Laue Patterns
9. Powder Patterns: The Debye-Scherrer Method

Bru5rs Chalmers, Harvard University
James G. Holland, University of Pittsburgh
Kenneth A. Jackson,-Bell Laboratories
R. Brady Williamson, University of California, Berkeley

72



APPENDIXXV

Cumulative Index 'to VoTumesIAmadLII _of JEMMSE

Ar!__age_dpz'and Materials-Class

1. Metals

Electrometaliurgy: Industrial Practice
Part One: Plant Equipment

D. 3; Robinson, niversity of Arizona
T. 7. O'Keefe, University of Missouri-Rolla
L. G. TWidWell, Mtntana College of MinOral

Science and r.:_achnology

An Introduction to-Fracture MechanicS
Stephen_D."AntOlOviCh
University of Cincinnati

An Introduction to the Use of Phase DiagraMs in
MatdrialS Science and Engineering
(A five-part programmed learning set)

John Hilliard
Northwestern University'

or
Reduction Processes in Extractive Matallurgy:
Tharmodynamics of Oxide Reduction

George A. Smiernow, Drexel University
Larry Twidwell,-Montana College of Mineral

Science and Technology

Simplified Procedure-for Constructing
Pourbaix Diagrams

Ellis D. Verink4 Jr.
University of Florida

The;rmomechanical Treatment of Steels:
Controlled Rolling

Lee J. Cuddy
'U.S. Steel Research Laboratory

Ceramics

2:1:91

_
2:2:309

1:1:65

Materials for Fiber Optical Coramunic-ation
Part One: Optical Properties of Transmission Medi

William G. French
Bell Laboratories

1:2:223

1:3:535

1:4:739

Materials for Fiber Optical Communication
Part Two: Fiber Fabrication

*Unarm G. French
bell Laboratories

73
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Point (Atomic) Defects in Stoichiometric
Ceramic Materials. Part One: Solid Solutions

Robert F. Davis
NorthNteroIina State University

Point (Atomic) Defects in Stoichiometric
Ceramic Materials. Part Two: Schottky and
FrenkeI Defects

4- Robert F. Davis
North Carolina State UniVerSity

3. Polymers
0

Anionic Polymerization (A Lab Experiment)
Eli M. Pearce, Arl E. Wright and
Binoy K. Bordoloi
Polytechnic Institute of New York

Blow' Molding: Procedures and Equipment
B. T. Morgan
Phillips Petroleum

Bulk Polycondensation and End-Group
Analysis (A Lib Experiment)

Eli M. Pearce, Carl E. Wright and
Einoy K.' Bordoloi
Polytechnic Institute of New York

Cationic Polymerization (A Lab Experiment)
Eli M. Pearce, Carl E. Wright and
Binoy K. Bordoloi
Polytechnic InStitute of New York

Emulsion Radical Polymerization (A Lab
Experiment) .

Eli M. Pearce, Carl E. Wright and
Binoy K. Bordoloi
Polytechnic Institute of New York

Free-Radical Copolymerization (A Lab Experiment)
Eli M. Pearce, Cir]. E. Wright and-
Binoy K. Bordoloi
Polytechnic Insitute of New York

Free-Radical Polymerisation Kinetics by
Dilatometry (A Lab Experiment)

Eli 'M. Pearce, Carl E. Wright and
Binoy K. Bordoloi
Polytechnic Institute of New York

74
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2:4

2:2:487

1:2:249

2:3:711

2:3:685

2:1:223

1:4:871

1:4 :845



Interfacial Polycondensation (A Lab
Experiment)

Eli M. Pearce, Carl;E. Wright and
Binoy K. Bordoloi
Polytechnic Institute of New York 2 :4:

.

Molecular Orientation in Polymers: Pole Figures
and Orientation Functions

Edward_So Clark;
The University of:lendessee 1:3:561

Polycondensation and Curing of Epoxy polymers
(A Lab Experiment)

Eli M. Pearce, Carl E. Wright and
Bindy K. Bordoloi
Polytechnic _Institute-of New York

GDS.

Thermoforming: Polymer Sheet Fabridhtion
Engineerpg

J./L. Throne
Amoco Chpnicals Corporation

4. Wood

The CheMidal Treatment of Wood for End/ Use

2:4:

1:1:31

C. S. alterS
University of IllinbiS

MechaniCal BehaVior and Properties of Wood
ArnO P. SChniewind

2:1:173

University of California-Berkeley 2: :

Molecularand Cell Wall Structure of Wood
Richard E. Mark -

State University of NeW York 2:2:251-

OVerVieW of Wood as a Material'
George G. .Marra
WaShington State University 1:4:669

3

Paper
A. H. Niasan
Consultant, Westvaco Corporation 1:4:773

Physical Properties of Wood
Robert M. Kellogg
Western Forest Products Laboratory ' 2:2:449

Wbod Anatomy and Ultrastructure
Richard J. Thomas
North Carolina State University

75
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Wodd: Its Structure apd Properties
F. P. Wanga
'Colorado State University, Retired

Wbod and Moisture
Harold Tarkow
Forest Products LabOratOry .(U.S.)

Wbod-Based Composites
John J. Zahn
Forest Products Laboratory (Canada)

5. Characteri.zation

Introduction to Auger Electron :Spectroscopy
Edward N. Sitkafus
Ford MOttir Company

Low Energy Ion Scattering
H._F.:Helbig, Clarkson College of
Techtblogy

A._W. CZanderna, Solar Energy Research
InettitOte

Modern Ion Beam and_Related Techniques for
Materials Characterization .

Rithard J. Blatter and
Charlotte E. EVanit Jr.

.

Univerdity of Illinois at Urban.

6. Crystal Growth

Crystal Growth: Available Methods
Harry C. Gatos
Massachusetts Institute of Technology

Crystal Growth: Magnetic Garnets by Liquid
Phaeott gpitaNy

S. L. Blink
Bell Laboratories

Czochralski GrOwth of Large Oxide Crystals
C.D. Brandle
Union Carbide Corporation

Materials_Design for Semiconductor Devices
Charles J. Nuese
RCA Laboratories

4

1:3:437

2:3:517

"1:3:649

1:1:1

1:2:379

2:1:1

1:2:275

2:2:351

1:4:711

2:1:113



Nucleation and Atomic Kinetics
K. A. Jackson
Bell Telephone Laboratories

Phase EqUilibria: Principles and Binary Systems
William B. White
The Pennsylvania State University

Phase Equilibria: The Pressure Variable
William B. White
The Pennsylvania State University

Selecting Optimum Crystal Growth Method for
Specific Phases

RL;stum Roy

The Pennsylvania State University

2:3:609'

1:3:595

1:3:637

1:2:301

7. Electronic Materials

EiecOicai Behavior of Solids
/D. D. L. Chung
) Carnegie-Mellon University 2:4:

Materials Design for Semiconductor Devices
Charles J. Nuese
RCA Laboratories

8. Phase Equilibria

An Introduction to the Uae of Phasepiagrams.in
Materials SCience and Engineering
(A five-part programmed learning set)

JOhn Hilliard
Northwestern University

2:1:113

1:1:65

Phase E4uilibria: Principles and Binary Systems
William B. White
The Pennsylvania State University 1:3:595

Phase Equilibria: The Pressure Variable
William B. White
The Pennsylvania State University 1:3:637

Phase Transformations in Condensed SysteMs
Part Ole: NUcleation

Morris E. Fine
Northwestern University 2:2:391



1.

Phase Transformations in Condensed Systems
Part Two: Growth of Phases

Morris E. Fine
Northwestern University

9. Other

2:3:557

Introduction to Online Searching, of Bibliographic
Databases

Lucille M. Wert
,University of Illinois 1:2:403

Modularization of the Introductory Course in
Materials Science and Engineering

Craig Hartley
University of Florida 1:1:201
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APPENDIX VI

EMMiSE MEDIA INDEX

A guide for locating teaclAngaids in all media.

SAMPLI ENTRY

Class of Materials
TERNARY DIAGRAMS --'- Title

DERIVED FROM BINARIES: ProduCtion date {when*L engt h {1975} availablei
Academic Level 6 min Snd Col

at
Source: PSU
{ * *} {R} Distributor's address

in appendix

Requirements for use
{rent= sale+ etc.}

*In most cases tfilmsi tapes1 etch} the time given is running t.
In some instances {print} it is study time.

KEY TO INDEX,

AC Audio Cassette' R Rental

AT Audio Tape : RP Rental or Purchase

B/W Blade and White r/rs Rialto Reel

Col Color: SA Special Ahrangamant

F Free 4 Sil Silent

FC .Film.Cassette Snd Sound
FL Free Loan VC Video Cassette

FS Filmstrip VT Video Tape

OT Overhead transparency * Introductory
P Purchase ** AdVanced



APPENDIX VI

Sample Page from Media_ Irides

PROPERTIES: CHEMICAL (CORROSION, ADHESION) 3 1

16 morfilm {cont.}

RESTORATION OF EQUESTRIAN STATUES AT
THE MEMORIAL BRIDGE iCI.{1972}
16 min_ Snd Col
Source:- ASSOC F

{FL}

RUBBER BY DESIGN tEl
27 min Snd Col
Source: Shell

{FL}

SHAPES AND POLARITIES OF MOLECULES'
{A} {1963}ACAt. No. 201681
18 min Snd Col
Source: PSU
f**I {R}

SPECIFIC PROPERTIES OF STAINLESS:
STEEL 01
"discusses_physical and chemi-
properties"
40 min Snd Col
Source:- Rep
{ *} (FL)

SUPER 0 FILM

CORROSION-{B,C} {A sat of 3 films}
1: Corrosion I -filiform Corrosion
2. Corrosion II - Hydrogen Embrittle-
ment
3. Corrotion III - Aluminum
PCS 9min each Sil Col
Source:- Wiley
(*I {P}.

FILIFORM CORROSION Of ALUMINUM {C}
EC 4 min SU Col
Source: LBF
{ *} {P}

SLIDE TAPE

ALS_-.TISSUE INTERACTION

.S hrs ACs
sids

ACS
I {P}

STRESS CORROSION IN MAGNESIUM BASE
' ALLOYS {C}
18 min Sit B/W
Source: OSU
{**} {R}

STRESS CORROSION IN STAINLESS STEEL
.

13 min_ Snd__ Col
Sources_ OSU
i**1 (Ri

THINK ABOUT IT {C}
N "file abdUt zinc coating -_the most

effective way -of contrIblIing rust
without spending a lot of money on a
continual maintenance program"
20 Min Snd Col
Source: Assoc F
(*I {FL}

AAREAKDOWN IN PLASTICS &
{E} 1111M-Sieres1

15 iin_ AC each'side: 30 min total
Source: ACS
{**} (P}

CORROSION_SERIES:fAl
17 Slds No tape
Source: ASM
{ **) 01-

DURABLE CONCRETE {I} {1163}
18 S1 sd AC Col
Source: PCA
{ *} al

ELECTROCHEMICAL PROPERTIES {A}
Half CeIl_PotentiaIs.
Polarization aid OVervoltage.
22-Sldt 46 min tape
Source; Ruoff & PC
01 CPI

NEW Di NMESIONS FOR POLYMERS {E}
AC No time given
Source: ACS
01 {P}
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AN INVITATION TO ALL MEMBERS OF THE MATERIALS COMMUNITY
AND CLOSELY RELATED DISCIPLINES'

We invite you to become an author of an EMMSE module. In doing so you will be participating in a venture that will ultimately contribute
substantially to materials science and engineering education. can do this by selecting a topic from the accompanying list and wntinga
module on that subject In many cases you may already have a big start in performing this service; lecture notes or an unpublished
manuscript could provide the basic outine and formulation of ideas to be comniunicated.

When you have decided on the topic or topics that are of interest to you, please use the form provided to send this information to the
appropriate Topid Area Team (TAT) Chairinam He will assist you through all stages of developmont and review. (All EMMSE modules are
peer and student reviewed to ensure a high degree of quality for education.) An early contact is important, since some topics are being
commissioned by the TATS; and duplication of effort can thus be avoided.

Atcepted modules will be published in the Joumal of Educational Modulns for Materiald'Science and Education (JEMMSE); thus providing
an author with a citable reference to a refereed publication. Subscriptions to JEMMSE confer unlimited reproduction rights; offprints are
available in bulk as well.

GUIDELINES FOR AUTHORS

WHAT IS A MODULE?
A module is a relatively small unit of printed material designed as a teaching vehicle. (In length it is essentially the equivalent of a short

chapter in a textbook.) One distinctive feature of modular units is the way in which they can be linked together by careful selection to form
larger groups wh ich fit individual or specialized needs. IA particular textbook represents one such fixed set) The other basic advantages of
modules are that they are written by "experts" in the relatively narrow field of their specialization; and that they are peer-reviewed much like
research papers. They are also tested in the classroom to provide additional input to the author for a second stage revision.

WHAT ARE THE MOST IMPORTANT FEATURES OF A MODULE?
(1) The author should have in mind the background in science he is counting on in his intended audience. A few sentences about these

' prerequisites helps, the leamer know if he can utilize the module effectively. .

(2) A series of statements setting forth the learning object ves °le module is desirable.
(3) The author should attempt whenever possible to make her unit as free-standing as possible; i.e., avoid extensive reliance on

immediate antecedent materiat excer4the_deneral background ferred to in (1); or where a group of modules are written by thesame
author and such references are unavoidable. .

(4) A high proportion otgood illustrations is often the most important addition to a more traditional text.Refererice to supplementary visual
_i_aids,such_as_films_vIdeo_tapes,_etc_may_also be desirable.

(5) SI units preferred with English equivalents in parentheses: .

(6) The author should add some questions which a student shouid be able to answer if he has grasped the substance of ire module: qome of
these can be interspersed with the text, and wherever appropriate, it is recommended that example problems of mathematics (with
answers) be used. Other problems and questions can be grouped at the end Eva a past test to determine mastery.

(7) The module will naturally contain some references and bibliography. In a teaching module it is rather Important that those which the
author believes to be essential or especially relevant be separated from a more complete bibl' I raphical list. .

AT WHAT "LEVEL" AND FOR WHAT AUDIENCES ARE MODULES BEING PREPARED?
n conceived:Four levels and audiences have b

Levels
1. IntrPductory materials science and

engineering (MSE)
2. Materials Technology for non-MSE

majors
3. New areas suitable for oraduates

in industry and seniors and grad
students in college

4. Advanced topics pedagogical reviews

Audiences
College students in MSE and related
disciplines
Non-science majors, community colleges,
industry technicians, etc.
Industry, MSE majors, other disciplines

University and industry materials
research workers

HOW LONG WILL IT TAKE ME TO GET A MODULE POiLISHED?
As mentioned before, one of the valuable aspects of the EMMSE module is that it will be peer and student reviewed. This procedure will

take some time, but should prove its worth in the long run. The various stages of preparation and review in a typical case might take the form
of that shown below.

4 i



STAGES OF PREPARATION AND REVIEW

Stage z Author's Activity Review Activity
Cumulative Turn
Around Time

1 First draft. Maybe an outline
consisting of_table a contents,
objectives, abstract of text
figures and post tests

Review by Topic Area Team 2 weeks

2 &s-tend draft. Complete modUre
with full text

Review by peers 6 weeks

3 Third draft with revisions from 2 Review by selected students 10 weeks
4 Fourth draft with revisions from 3 Field testing by students 14 weeks
5 Final version ready for publication Porn-maim) and preparation 16 weeks

of module for printing by
EMMSE

WHAT HAPPENS WHEN MY MODULE IS ACCEPTED FOR PUBLICATION?
As indicated in Stage 5 above, an approved manuscript is forwarded through the appropriate TAT to the EMMSE Staff Headquarters at

The Pennsylvania State University where it will be formatted as camera -ready copy for the printer. The EMMSE staff will also help the author
bysrth_ancing orredrawing figures on request-and will pmvide other services, Including securing copyright permissions and distributing the
published module to users through the Journal of Educational Modules for Materials Science and Engineering.

WHAT ARE THE "COMPENSATIONS" FOR AUTHORS?
During the current funded stage of EMMSE, a small honorarium will be paid to authors. In addition, EMMSE will work diligently to provide

professional recognition and other compensations for authors along-the following Ines:
1. The_authorsmodu_lewillhe wed hundreds-and possibly thousands of students andtheir teachers, as opposed to the dozen or so

people who read the average research paper.
2. Modules will be published in JEMMSE, the Journal of Educational Modules for Materials Science and Engineering, a citable,

peer-reviewed publication.,
3. Department Chairmen and Deans, or the two appropriate levels in igilustry, will receive letters from EMMSE advising them of the

valuthk3 contribution made by the author.
4. Requests will go out to profeSsional societies to accord module writers some recognition through their educational sections.
5. Consideration will be given by each TAT to establish a prize to be awarded by some major prof essionalsociety for a :est module".

WHAT ABOUT ROYALTIES AND_WPYRIGHTS? ,
The potentional market for EMMSE products -is relatively small and the intention Is to keep the cost o students as low as possible.

Therefore, It is anticipated that the opportunity for royalties-will-not be very great.
During the current funded stage, copyright will be held by The Pennsylvania State University for EMfy1SE. Future arrangements for both

royalties and copyright must be negotiated with and approved by NSF.

PRIORITY TOPIC LIST

The following list of topics is apreliminary subdivision of the field which is intended to suggest areas in which authors might want to write
modulesThe major subdivisions (Metals, Ceramics, Polymers, Wood and Characterization) correspond with their respective Topic Area
Teams. Toots under GAPS do not fall into any of these major subdivisions. Modules in the GAPS category should be forwarded to the
EMMSE Coordinator. Other modules should be sent to the appropriate TAT Chairman.

.METALS

BASIC SCIENCES
Metallic Elements

Atomic Structure
Atomic Balding
Crystal Structure
Structure of Amorphous Metals
Crystalline Defects

Vacancies
Dislocations
Stadchg Faults

Microstructure_
Grain Boundaries

Twins
Phase Equilibria

Allotropy
P-T Diagrams

Thermodynamics of Multi-Component Systems.
Two-Component Systems

Solid Solutions

Ideal Solutions
Regukr Solutitin
Stib-RegaTar SolUtiont
interaction Cbefficients
Intermediate Phases
Free Energy Diagrams
Liquid-Solid Transformation

Phase Diagrams
Development of
Use of

Composition
Lever Rule
Phase Rule

Throe-Component System.
The Mods of Depicting Phase Diagrams
Phase Rule
Solid Bcdutiand

More Than Three-Component Sytdems.
Methods of Depicting Phase Diagrrms

Phase Transformations In Metallic Systems.
Thermodynamics

41



Metals (cont'd.)
Diffusion

Phenomenology
Atornistic

Nucleation
Hornagensous
Heterogeneous

_ Effect of Coherency
Growth

Interface Controlled
DIfiOidoit Cororolktd

Kinetics
TTT Diagrams
Specific Transformations

Precipitation .

AliotroAiic . t
Martenshic
Beattie
Order -Disorder ._
Spinodal Decomposition
Massive
Rotrystalfizafion
Schitifidatbn

EtitectIo
Eutectold
Peritectic

NonEquilibrium Conditions
Solidification

Coring
Metastabie (transition) phases.

PROCESSING
Melting
Casting

ingots
Mechanical Forming
Joining

Adhesive Bonding
Diffusion Bonding
Welding

Heat Affected Zones
Microstructure
Heal Transfer

Metal Removing Processes
Machining
Pewter Rdetilurgy
Therm& Treatment

Annealing
Tempering
Aging

Finishing
Mechanical
Chemical
Electrochemical
Ofihnic
Ceramic

Polymer
- Procelfsing_of Metals for the Electronics Industry
PROPERTIES

Mechanical _ _

PriWples of Deformation
TtiettaNy wed Deforowfien
Plastic Flow
Work Hardening
Frricture

Ductile
Brittle

Hot Work
Texture
K Concept
Machinability
Wear
Fatigue
Frit:tire In Hostile Envirenmenbs

chemical
Thermal 31)

Acoustic
PPticelif _

Electric:0
Moved
Rockily -_
BkikiWcal
RWOldgictid
StrochUre prodedy relationships
Toistirig for Properties

APPLICATIONS .
Materials Selection
Structural
Electrical and Magnetic
OPtical
Surface: Friction, Wear, Corrocion
Thermal
Nuclear
BiologirV
Failure Models i5 Service
Proterse Refection
Composites
Fracture Analysis

CERAMICS

BASIC SCIENCES
Them of Elasticitt

Contimaim eitufficity
Thermodynamic concepts
Stress Strain
Una!' and non-linear elasticity

Atomic Niel of oWstIcity
Lattice state
Unearlattice dyrotnilds
Non-linear Witte dynamics
Solid solution effects
Phase changes and elastic constants
Internals friction
Frequency effects

PROCESSING
CorwentlenaL Powder

Raw mated extraction
Raw material proceasing
Powder characteristic
Birtirt
PoWder consolidation
Sintering
got pressing
Multi-phase sysibms

Deposition
Vapor
Particle
Electrolytic
Scaling

Fusion
Technicr-.
irpOilcOna
MWreKnietteett

Single COW! Growth
Methods

Solutions
Melt
Vapor -

App
Other Bulk Methods

O _Hydroth msl
Fibers; Fabrica._Contings.FIns,Tapre
Fanning Hot Worldng; Alloying, Herd Treating
Jetrikig

FelhWVI, EllstOmert, Student Joining
Nkfcritiniell
CtiMerhing
Brazing.
Welding



Machkiing
Bonded abnssic savIng.grimfing
Frei abrasive lapping and iiolishing
FreetWirsive fluid driven

Gliisse-Ceirrirrric
Melting

And friniertieri
ContiMike itricitulits
Dissolution
Refining

Fpnning_Operations
Preiesinii
Blowing
Cutting
Roiling
Float process
Drawing
FiteritttriO
DO 91010
Lamination

Finishlm
Annealing
Cut okscoring, irepolishing
Grincing,_polishing, drilling
Decordial
Sealing_

Secondary Forming
Repressing, redrawing
Fiber op

(safety glass)
Sparring
Multiform

Controlled Crystalization (Glass-CeramIcs)
Phase separaticri
Nucleation
Cntstaitrowth
Phase Inuteomation
Themolltistory effects
Photosensitive effects

_ Autoirefic viscosity control
Strengthening of GMa and Glass - Ceramics

Tempering
kin exchange
Surlace cryistalizaticin
Differential densification
Alkali eictraction
Glazing
Lamination

PROPERTIES
Thermal and Thermal Shock
Mechanical

Elastic
Strength_
Hand. leas
Impact and - Erosion
Frictron arid Wear -
Ekcdrically Induced Fracture
NDT Proof Teeing

Electric Conductivity
Dielectric
Magnetic
Chemical
Optical

. APPLICATIONS
Extruded honeycomb catalytic substrates
Luau= for high pressure sodium vapor lamps
Single- crystal savphlre tubes, Memento, eM.
- by Tym process
Steel plant refractory
Gear tank refradory
Spam Plug
Auto water pump seal
Giese-ceramic radomers

5i

POLYMERS

BASIC SCIENCES
Solid State Physics

Chain-folded aystaliziekm in polymers
Control of fold period in_polyrner crystals
Ultimate moduli and strengths in polymer solids
Polymer glassy state

Phase_EquIlibrie
Thermodynami cs of tubberelastiolty_
Phase 'vendee it block copolymers -
Rutber-ialadimpact plastics: Synthesis and

riefireerMitire
Therinaticirriery

%Makin processes In polymeric toads
Diffusiorl

Balder properties of polymeric:slime
Reactions:

- AddtionpolimerizatIon
Condensation volymodzation
Solid state polymerization

CHARACTERIZATION
Crystal structure _

-X-ray difradIon from polymers
Mrcetrildttire

PoTo-figure analysis Of textured polymeric
solids

Small angle c-ra_y scattering from polymers
Spheruitic crystalization
Polymer morphologies

Defect
Defects trt poi/mei crystals

Surfaces; Interfaces
Surfacephyalcal chemist" of polymers
ESCA of.polymer solids

.1Brilk
Vibrational analytki Of riolyrtiert.
Rarren specintriccipy Of polymers
EVetemtnitiott Of M of polymers
Deterninatka of M of polymers
Dilute solution viscometry of polymers
Gel-permeation chromatography_ of ee_ ly_ners
Nuclear magnetic resonance of polymers.
Infrared absorption spectroscopy

Trabe
Analysis of additives in polymeric systems

Non-Destructive Testing
- Acoustic emission from polymers
inctruneriletbri

Optical nikrtitoppy of polymers
Sr:tinning eTection microscopy of polymers
Trantinission electron microscopy of polymers.
Thermal analysis of relymers

PROCESSING .

Ultraourification
Preparative purification of polymers

Particulates
Allem RelMorcIng_andnorrreinforcing

__Rubber-filled impact plastics
Thin Alma

Glow-discharge_oolyniorizaticti
PriddlthipgralinW relyMera

Solid: Sintering, etc.
Perak deformation mildianionsa
Vacuum Wining materials
Sintering of polymer rowders

. Solid state extrusion
Fluid: Extrudng, etc.

Mechano-chernical effects in polymer processing
Compotlblibr orpolymer blends
Extrusion of polymers
Moldneof polymers (themmers, therrno.

plastics, foams)



Atarnide fiber looduction
Florv-dllutted ciyabollisatiort h polymers

_Preparation of polymer bleb&
.Other

Rubber compourding
Fkidytirig of pfallTes
Mist of processing on structure and

_propertios
Joining

Weldingplastics
Adhesives

PFX)PIERT1ES
ThennW

TlittraW cxtcruclivity Of polymert sysbms
Meichandal: Elders, plastic, fracture, etc.

FlulasTrr-filled iripict plastids. propertkis
Tensile testing of polymers
Compressive and shear strengths of polymer

solids
CreflP ProfxKliffe of POI/LMOnl_
Time-temperature superposition in polymers
Dynanvicenechtvtical properties of polymers
razing and_ fracture in polymers_
Mechanical failure of plastics: Fatigue failure
Frix:rogroOk of polymeric solids
IMOOdt reddance in polymers

Aricitheid
SOfik Voiority mbastireMent in polymers
Acoustical insulations

Opcoal
Lttit ar.attering_from polymer solids

Electrical: Dielectric
High voltage breakdown
Dielectric propertiett of polymers
Ionic conduction In polymeric systems
Polymer electrets

Magnetic
Reaction - Of macrorlsoliWokis to magnetic fields

Chertediti: Corrodcd, Mires/On
Polymer adheaon and wettdoiNty
Photooxidative degradation of polymeric solids
Hydrolytic degradation of polymeric read!)

Nuclear: Radiation Effects
Radation chemistry of polymers

Sioicalcal
Microbiological attack of polymeric solids

Rheologdal
Normal stress effect in flowing polymer melts
Viscosity-shear rate dependence of polymer

melts
Tensor triodriptiOn Of flow in polymer fulids

and edicts

APPLICATIONS
Materials Selection

Role of plastics in energy conserviitlon and
management

Materials selection with plastics
peolln with Materials

Destildg witnplastics
Fabrication of tires

stiectural
Fiber-redlorced plastics
Polymer Winindes: sheet Moulding compounds
Polymer concrete
Thermal detUstWo of structures with polymers
Uripthens fdam gnaws,
Loacr-Isarkig materials tithed on polynters
Elecbjral, Magnetic, Optical

Electrical Insulation applications ci polymers
plastic lenses
GT:wide films

Surface: Friction, Wear, Corrosion
Pak/nerd castings
Trtbology of plastics
Friction materials based on polymers

Corrosion control of metals with polymeric
__coalkAW
High-temperature stability

ImplaSicodnrcompaletabiZneporric
mat dale

Flammability of polymeric systems

CHARACTER IZATI ON

NON-DESTRUCTIVE EVALUATION
Overview (Comparitcri of Techniques)
Principlefand Applic_ations

Radiographic Examination
X-ray

_ _Neutron
Uirravaorila_MelhocTs_

td Eithfeict Ikettlods
Dye Penetrant Mitiods
Magnetie Particle Who&
Eddy Current Methods
X-ray dffraction (Residual Strome Measurement)
Other

SURFACE /ANALYSIS
Overview of Thin Film Analysis Methods (Comparison)
PrInalpietand_Applications of;

High Resolution Electron Microscopy
Scanning Transmission Electron_Microscopy
Scanning Electron Microscopy (SEM)
Sodded Aria Diffrictron
CM Energy Election Diffrticifort
Electron Micropiebe Analysts
Replica Electron Microscopy
Specimen Promotion for Electron Mieroscopy

Thin Foil Specimens
Re_plicarfon Methods

Dynamic. Theory of Contrast in Electron Microscopy
Kinematic Theory of Contrast in Electron Microscopy
Auger Electro9 Spectroscory (AES).
Electron Spootrrisopy for Chemical:Analysis (ESCA)
Secondary; Ion Spectrometry (SIMS)
lOn S tttedng SVedrOinetty
&Strindg Atirpir MFcroanalyski (SAM)
Rutherford &offering for Thin Flint Analysis

Ion Sputtering (PrinciPes and Applications)

MICROSTRUCTURE
L101 Optiral Midi:Cleo* (LOM)

Principles of Light Optics and Lenses
Poutrized Light Microscopy (Prindples and Applications)
Specimen Preparation for Light Optical Microscopy

Metals
Ceramics
Polymers

_ Wood
Quantitative Metallography (Principles and Applactions)
Other -

Edttr011 Optfa
Principles and Applications of:

X-RAY DIFFRACTION
Srrrall An& Scattering

Principles
Applications

Inorganic Glasses
Organic Polymers

Xtray_Une:Slaiat_AndYlris
Particle_Size_Analyals_
Crystal SIndrukodysis_

CHEMICAL ANALYSISB_UM _
PrindPot and 'ppliCallutils of

X-ray
y

Fkforiticiiirat Gpicirsdietry
Therrifel Aritilrft

DifFertiriftl Therinal
Thromogravimobic Analysts
Differential Scanning Ctdorintetry

Chromatography
Gas Chromatography



Lkaid Chrt-tifatOgraptly
Gel Permeation Chromatography

Raman Spectroscopy
Infra Red Spectroscopy
Atomic AbsoAdtion
Nuclear Magnefic_Resonence
Bond state EMF motteuremeM
Mcesbauer Spectroscopy

INSTRUMENTATION
Prindp-lee anit Amilloris Of:

Radiation -Ad Panicle Maidens
Ekitiron Spettridmeters
Mass Specbometers
SolidState Detectors
X-ray Spectiom_eters

Techniques of Sampling
Physical Methods (e.g.. sample selection. sample preparation)
Statistical Methods.

WOOD

Wriod as a Materiel
Fine Structure of Wood
CellAr and Supercelluier

Structure of. Wood
Wood and Moisture
Physical properties of Wood
Mechanical Behavior and Properties of Wood
Modification of Wood for End Use
Poor
Wood-based Composite Materials

GAPS

Crysed growth
Catalytic materials
Phase equilibrium
Laser processing
Non-aystalline materials

Metals
Semi-conductors
Cenunics
General

Directional composites
Radoactive waste
Slalom
tkihrielintris
Concrete meant

Polymer additives
Specialty materiels

Electronic materials
Maltnetic Materiels
Blomaterials

Teeth
Bone

- Ceramic; metallic; polymeric
GOA

Metallic impurities
SUIfidert

Use of computer for:
Graphics
Thermodynamic properties
Tensor_pnwerties
Phase diagrams
Data acquisition

,01

ADDRESSES OF TOPIC AREA TEAM CHAIRMEN

D.E. Laughlin (Chairman; Metals TAT)
Department of Metallurgy and Materials Science
Carnegie-Mellon University
Pittsbuigh, Pennsylvania 15213

H. Kent Bowen (Chairman, Ceramics TAT)
Dept of Materials Science and Eng.
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

SJ-I. Carr (Chairman, Polymers TAT)
Dept. of Materials Science
Northwestern University
Evanston, Illinois 60201

William C_Johnson (Chairman, Characterization AT
Physic.al Electronic InduStrieS
6509 Flying Cloud Ave.
Edina, Minnesota 55344

Jerome Seeman (Chairman, Wood TAT)
Forest PnAuCtS Lab
P:O. Box 5130
Madison; Wisconsin 53705

Clifford A. Hewitt; EMMSE Coordinatr/GAPS
Materials Research Laboratory
The Pennsylvania State UniVereity
University Park, Pennsylvania 16802

AU rmoR REPLY FORM
(Please send to the approOlate TAT Chairman)

I would like to contribute EMMSE modules on the following topics:

TOPIC: Instructional Level:

TOPIC: Instructional Level:

TOPIC: Instructional Level:

Appropriate Topic Area: Metals-_ Ceramics
(circle one) Polymem Woosl

Characterization Gaps (none of the others)
Name t Title'
Address
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APPENDIX VIII

EMMSE-WECC-COMmitted Members

International Chairman Professor Rustum Roy
The Pennsylvania State University

Organizer

Steering Committee:

Professor Peter Pratt
Imperial College, London

Professor Geoffrey Ball
IMperial College, London

Dr. Alastair WO Nicol
University of Birmingham

Professor Mike Ashby
Cambridge University

Professor Sit Peter Hirsth ProfessorJ._P. Roberts
Oxford Univerility University of Sheffield

Dr; A. T.' Challis
DOE-(England)

Profeesor Paul'Hagenmuller
Universite de Bordeaux I

Executive Members:

Professor Giuseppe LanZevecchia
Italian Nuclear Energy Comm., Rome

Dr. Brian Steele Dr. John Martin_
Imperial Co114e, London Oxford University

Dr. G. M. Fryer Dr. Jim Hay
.

UnicrerSity of Sheffield University of BirMin4haM

Dr.Graham Weaver Professor MarCOnillOn
Open University Universite de Bordeaux I

Dr; Stier Bj6rklund Dr. Hans de Wit
Royal Inst. of Techno ogy, Rijksuniversiteit Utrecht,
StoCkholm Netherlands

Professor A. Mocellin
Ecole Polytechnive

Federale r3e Lausanne

ProfesdOr K._Tostnan
FachhochSchule, Aalen, Germany
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APPENDIX IX

REPORT OF THE FIRST EMMSE-WECC/NATO WORKSHOP

The main meeting of the First EMMSE -WECC/NATO Workshop for the production
of teaching modules in the field of Materials Science and Engineering took
place in the Conference Center of the CNEN Laboratories (Comitato Nazionale
della Energia Nucleare) by kind invitation of the Director, through the good
offices of Professor Guiseppe LanzavecChia, during the week 21-26 September,
1980. The Workshop was conceived and organised by the West European
Coordinating Committee for the Educational Modules for Materials.Science and
Engineering System, with finance provided by a grant from the Specidl Programme
Panel for Materials Science of the Scientific Affairs Division of NATO. It

was attended by 34 teachers and industrial scientists representing 9 European
countries and America, who functioned as members of 5 main subject groups,
together with 11 family members. Appendix A lists the Participants.

The charge laid upon EMMSE by its principal funding agency, the National
Science Foundation, is

'To experiment with a means for developing, indexing
and disseminating instructional materials in Materials
Science and Engineering."

One of the experiments in developing instructional materials is the use of
Workshops. The idea behind these is that a group of experts are invited to
write modules, short instructional articles, on subjects 'clustered' around
c common topic. They then interchange their modules, read them; and come
tJgether to review the set critically and prepare them for publication in the
Journal of Educational Modules for Materials Science and Enaineering (JEMMSE),
the publication medium for the EMMSE System. Moreover, this review session
normally includes people interested in the subject under discussion but not
expert in it, who can comment on the intelligibility of the modules to'a non-
expert reader. The process does appear to work well and some good modules
have been produced by this method, as the first experiment carried out by the
Wood Products group showed.

The 'Weodl Workshop was devoted entirely to wood and wood products. The
Workshop devised by EMMSE-WECC, however, has taken a different form and has,
in many ways, been more a set of interlocking Workshops than a single unit.
From the start it was decided that the Workshop should cover a ranae of topics
rather than a single one so that there would be two types of perso.n automatically
at the meeting, with the experts for one topic acting as the 'lay persons' for
the others. This was a sensible format for Furone, since one aim of the
WOrkshop activity was to mae EMMSE better known within Furone and 'socialise'
teachers, etc, on this side of the Attantic, an activity that had already
happened in America. The multi-topic format allowed us to contact a broader ,

spectrum.of people than a- single topic meetinn could have done.
-

The Workshop was experimental, and .1t was decided that it should he held
in two marts, with a Preliminary meeting in the spring of the year, at which
to identify subject clusters-with the ihosen topic areas anH to ac-icin modules
to authors, and the main Meeting later in the summer at whi the odules would
be reviewed and prepared for puhlication. The Preliminary meeting was held.at
Brimingham University at the end of March, and its report is it luded as
Appendix B. Some 30 modules were identified and assianed tentatively to
authors, in five main topic areas, and from thqse some 25 modules were offered
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it Frascatik_as listed in Appendix C. In the event, four
re_completed"for thei,main Workshop, the second titles from
those from WillFams and Idorni leaving 21 modules to be
illy it had been hoped that these could be available before
Irkshop so that people could have read them before arriving
e time between'the two meetings_ was too short to allow this,
ants'had their first sight of the modules at the start of

in the Hotel. Flora on Sunday, 21 September, after the main
at Leonardo da Vinci airport by Mrs Petruzzi and her helpers=
ht to Frascati in a special bus. This helpfulrress and
need was typical of all t'le CNEN personnel throughout the
hank them enough for makino my task as oroaniser so easy.
inner on the Tuesday evening was provided by CNEN, as part
ing us feel really welcome. 0

e Conference were days of hard. work. The topic grouos met
der the technical contents of each module, and each once was
ne tooth comb! Although we had tb _leave CNEN at 5pm each
top then, but was simply transferred-Te the Hotel and groups
les until midnight or after, with lively and stimulating
oral oattern tit developed was that each group considered
separately, then presented one or more to the meeting in
.treby opening uo the discussion to other interested parties
, and some very valuable discussions arose from these
result has been that all the modules will be rewritten to,
extent and it has been decided that separate authors

-ready copy for direct transmission to JEMMSE, through the
Organiser. The grouos plan to have final copy ready by

n 1981,

also charged with the task of planning for future_work,
:ask very seriously. All wish to continue the exercise

the Cement and Concrete group planning a set of modules
the American Ceramic Society Congress in May, 1981, for
the whole party came together on the Friday morning to

on, and to hear of separate group plans, and it was very
he enthusiasm with which everyone looked to the future.
commented on how unique the meeting was, with so many
t European countries together to discuss education, and
he idea that such activity could form the basis of some
of educationalists. It is orubz!hle that a Newsletter to
erials Departments throughout Europe will be the first
rkshop. In addition, there was a lot of interest in the
rkshon as a forum for the interchange of ideas on teaching
Biorklund led a very interesting discussion on thit

sday, as well as demonstrating the computer-based PLATO
ter truly herculean efforts to obtain 'the reouired terminal
ry connections to the main comouter in Brussels. A
considering methods of teachings and comparing and contrastins
countries and Universities was pr000sed and may occur in
nly appeared much support for it.

took the opportunity to meet, on the WEdnesday, and it was
pVe want this type of tivity to continue and to spread.
formats for Workshops, and the ideas that have been proposed
re welcomed wholeheartedly. Particular note was taken of
rkshops should be oraanised in association with other
t NATD-sponsored Meetings might be a'gpod source of modules.
tures should prove very cost-effective, since the major
Iferences is that of travel, and it would cost little more



to have people stay to assess modules based on the topics covered in the main
Meeting, and the tesditing co-oublication in JEMMSE could prove beneficial 'to
the main publication, by providing additional publicity for the work. Every
effort will be made to organise such cooperative events. -The meeting was
also delighted to learn that Professor Karl Tostmann, of the Fachhochschu14,
Aalen, is willing to join the Committee as representative from Germany, a
major omission' that_ has been-a source of concern for some time. Lastly;
Professor Viana inVited the Committee to hold its next meeting In Lisbon in
April, and his .kind offer was gratefully received, subject to availability of
travel funds.

How, then, can one summarise the Workshop. Firstly, it was an experiment
and as such it very largely succeeded. The aims were twofold, in the'main,
to make people aware of EMMSE and to provide a forum in which persons could
discuss the teaching of materials science and engineering and produce modules
for inclusion in the EMMSE System. rt did make people aware, and many more
than were ablip to attend the meeting. It did provide a forum in whigh
interested people could discuss didacticism and Pedagogy and compare and
constrast teaching methods, and define what needs to be provided-for the
effective teaching of a group of disciplines within the overall field, and
participants were willing and eager to take advantage of this. There were,
of course, some things wrong, mainly that the modules should have-been available
for reading well in advance of the meeting, that the time given for writUnq the
modules and the time of year were not ideal, and parallel sessions always
generate conflicts. This last was inevitable, given the five groups and the
limited time available for assessment, reading, and discussion, but it was also
generally felt that something important would have been lost if the Workshop
had been devoted to only one subject. The cross-topic interactions gave an
important input to the overall assessment and review procedures. We hood' that
we have learned some of the lessons of the week and that we shall be in a better
position to organise the nextevent. As far asoutput is concerned, the
tangible product is a pile of 21 modules which will soon be ready for JEMMSE.
The intangible, but equally important) product is the spirit that was engendered
by the partidipants in the Workshops, the friendships made, and the possibilities
for cooperation that have been provided.

I think that, for me, the Workshop was summed up by the groups sitting round
the tables in the garden of the Hotel Flora, the tables covered with beer galsses
and papers, animatedly discussing modules well into the evening, and even until
midnight, as I mentioned earlier, There was a hupe amount of work done and
everyone seemed to enjoy doing the work. It was One of the happiest and
friendliest Workshops I have attended, and EMMSE-WECC is most grateful to NATO,
and particularly to the Special Programme Panel, for theyfinancial aid that made
it all possible.

Alastair W Nicol
2 October, 1980
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4 Atipendi-xA.

MMSE-:WECC WORKSHOP
Frascati, Italy 21- 26 September 1980

Professor G.Ball
1/

Professor J. S. L. Leach

Professor P. Pratt

Dr. G.. Weaver

Professor H. F. W. Taylor..

Dr. A. W. Nicol

. B. Steele

D . P. Day

Dr. J. Briggs

Dr. K. Pascoe

Dr. A. Demaid

Dr. P. Lewis

Professor E. Verink

Professor Della 4toy

Professor J. G. Young

Dr. Micheline Regourd

P- A R T I P A. N T S

Imperial College, London

Nottingham University

Imperial- College, London

Open University, Milton Keynes

Aberdeeh IlniVertity

BUrmingham University

Imperial College, London

Oxford University

Mor4anite'Refr
Cheshire

- .

tor les,

Cambridge Univer ty

Open University, Milton Keynes

Open Univers,ty, Milton Keynes

University of Florida

Pennsylvania State University

University of Illinois

CERILH, Paris

U.K.

U.K.

U.K.

U.K.

U.K.

U.K.

U.K.

U.K.

U.K.

U.K.

U.K.

U.S.A.

U.S.A.

U.S.A.

FRANCE

Professor M. Onillon Universite de Bordeaux 1 FRANCE

.

PrbfiSsor W. Schultze Technische Hogeschool, Delft NETHERLANDS

Dr. Hans de Wit Universiteit Utrecht NETHERLANDS

Professor W. L. Stuijts NV Philips Eindhoven NETHERLANDS

Professor R. Metselaar Eindhoven University of Technology NETHERLANDS

Professor C. A. N. Vian::

0r. Stig Bjorkiund

Dr. Hans Arup
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Royal Institute of Technology SWEDEN
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5J.
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Dr. Gunnar Worn

Professor K-H Tosimann

Professor H. Hilsdorf

Professor K-H Schuller

Professor H. Hausner

Professor A. Rabenau

- 2 -
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_
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Mrs. G. Weaver

Mvw. W. Schultze
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10 Georg'e E. S. Boley, "Address on Status of Education

in Liberib.," address given at the 'Thirtieth Anh'Ual Meetidt.

of the West African Examination Council, Monrovia;

April 1982, P. 5.

11
it;

Augustus- F. Caine, "Assets to Education." paper pre=
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